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CHAPTER I—ENVIRONMENTAL PROTECTION 
AGENCY (CONTINUED) 

EDITORIAL NOTE: Nomenclature changes to chapter I appear at 65 FR 47324, 47325, Aug. 2, 
2000, and 66 FR 34375, 34376, June 28, 2001. 

SUBCHAPTER U—AIR POLLUTION CONTROLS 

Part Page 
1060 Control of evaporative emissions from new and in- 

use nonroad and stationary equipment ................ 5 
1065 Engine-testing procedures ....................................... 45 
1066 Vehicle-testing procedures ...................................... 282 
1068 General compliance provisions for highway, sta-

tionary, and nonroad programs ............................ 381 
1074 Preemption of state standards and procedures for 

waiver of federal preemption for nonroad engines 
and nonroad vehicles ............................................ 453 

1075–1099 [Reserved] 
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SUBCHAPTER U—AIR POLLUTION CONTROLS 

PART 1060—CONTROL OF EVAPO-
RATIVE EMISSIONS FROM NEW 
AND IN-USE NONROAD AND 
STATIONARY EQUIPMENT 

Subpart A—Overview and Applicability 

Sec. 
1060.1 Which products are subject to this 

part’s requirements? 
1060.5 Do the requirements of this part 

apply to me? 
1060.10 How is this part organized? 
1060.15 Do any other CFR parts apply to 

me? 
1060.30 Submission of information. 

Subpart B—Emission Standards and 
Related Requirements 

1060.101 What evaporative emission require-
ments apply under this part? 

1060.102 What permeation emission control 
requirements apply for fuel lines? 

1060.103 What permeation emission control 
requirements apply for fuel tanks? 

1060.104 What running loss emission control 
requirements apply? 

1060.105 What diurnal requirements apply 
for equipment? 

1060.120 What emission-related warranty re-
quirements apply? 

1060.125 What maintenance instructions 
must I give to buyers? 

1060.130 What installation instructions 
must I give to equipment manufacturers? 

1060.135 How must I label and identify the 
engines and equipment I produce? 

1060.137 How must I label and identify the 
fuel-system components I produce? 

Subpart C—Certifying Emission Families 

1060.201 What are the general requirements 
for obtaining a certificate of conformity? 

1060.202 What are the certification require-
ments related to the general standards in 
§ 1060.101? 

1060.205 What must I include in my applica-
tion? 

1060.210 What records should equipment 
manufacturers keep if they do not apply 
for certification? 

1060.225 How do I amend my application for 
certification? 

1060.230 How do I select emission families? 
1060.235 What emission testing must I per-

form for my application for a certificate 
of conformity? 

1060.240 How do I demonstrate that my 
emission family complies with evapo-
rative emission standards? 

1060.250 What records must I keep? 
1060.255 What decisions may EPA make re-

garding my certificate of conformity? 

Subpart D—Production Verification Testing 

1060.301 Manufacturer testing. 
1060.310 Supplying products to EPA for test-

ing. 

Subpart E—In-Use Testing 

1060.401 General Provisions. 

Subpart F—Test Procedures 

1060.501 General testing provisions. 
1060.505 Other procedures. 
1060.510 How do I test EPA Low-Emission 

Fuel Lines for permeation emissions? 
1060.515 How do I test EPA Nonroad Fuel 

Lines and EPA Cold-Weather Fuel Lines 
for permeation emissions? 

1060.520 How do I test fuel tanks for perme-
ation emissions? 

1060.521 How do I test fuel caps for perme-
ation emissions? 

1060.525 How do I test fuel systems for diur-
nal emissions? 

Subpart G—Special Compliance Provisions 

1060.601 How do the prohibitions of 40 CFR 
1068.101 apply with respect to the require-
ments of this part? 

1060.605 Exemptions from evaporative emis-
sion standards. 

1060.640 What special provisions apply to 
branded equipment? 

Subpart H—Averaging, Banking, and 
Trading Provisions 

1060.701 Applicability. 
1060.705 How do I certify components to an 

emission level other than the standard 
under this part or use such components 
in my equipment? 

Subpart I—Definitions and Other Reference 
Information 

1060.801 What definitions apply to this part? 
1060.805 What symbols, acronyms, and ab-

breviations does this part use? 
1060.810 What materials does this part ref-

erence? 
1060.815 What provisions apply to confiden-

tial information? 
1060.820 How do I request a hearing? 
1060.825 What reporting and recordkeeping 

requirements apply under this part? 

AUTHORITY: 42 U.S.C. 7401–7671q. 
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40 CFR Ch. I (7–1–18 Edition) § 1060.1 

SOURCE: 73 FR 59298, Oct. 8, 2008, unless 
otherwise noted. 

Subpart A—Overview and 
Applicability 

§ 1060.1 Which products are subject to 
this part’s requirements? 

(a) The standards and other require-
ments in this part 1060 apply to the 
fuel lines, fuel tanks, couplings and fit-
tings, and fuel caps used or intended to 
be used in the following categories of 
new engines and equipment that are 
fueled with a volatile liquid fuel (such 
as gasoline, but not including diesel 
fuel), and to the equipment in which 
these components are installed, start-
ing with the model years shown in 
Table 1 to this section: 

(1) Compression-ignition engines we 
regulate under 40 CFR part 1039. This 
includes stationary compression-igni-
tion engines we regulate under the pro-
visions of 40 CFR part 1039, as indicated 
under 40 CFR part 60, subpart IIII. See 
the evaporative emission standards 
specified in 40 CFR 1048.105. These en-
gines are considered to be Large SI en-
gines for purposes of this part 1060. 

(2) Marine compression-ignition en-
gines we regulate under 40 CFR part 
1042. See the evaporative emission 
standards specified in 40 CFR 1045.112. 
These engines are considered to be Ma-
rine SI engines for purposes of this part 
1060. 

(3) Marine SI engines we regulate 
under 40 CFR part 1045. See the evapo-
rative emission standards specified in 
40 CFR 1045.112. 

(4) Large SI engines we regulate 
under 40 CFR part 1048. This includes 
stationary spark-ignition engines sub-
ject to standards under 40 CFR parts 
1048 or 1054 as indicated in 40 CFR part 
60, subpart JJJJ. See the evaporative 
emission standards specified in 40 CFR 
1048.105. 

(5) Recreational vehicles and engines 
we regulate under 40 CFR part 1051 
(such as snowmobiles and off-highway 
motorcycles). This includes highway 
motorcycles subject to standards under 
40 CFR part 1051 as indicated in 40 CFR 
part 86, subpart E since these motor-
cycles are considered to be recreational 
vehicles for purposes of this part 1060. 

See the evaporative emission standards 
specified in 40 CFR 1051.110. 

(6) Small SI engines we regulate 
under 40 CFR part 1054. See the evapo-
rative emission standards specified for 
handheld engines in 40 CFR 1054.110 and 
for nonhandheld engines in 40 CFR 
1054.112. 

(7) Portable marine fuel tanks and 
fuel lines associated with such fuel 
tanks must meet evaporative emission 
standards specified in 40 CFR 1045.112. 
Portable nonroad fuel tanks and fuel 
lines associated with such fuel tanks 
must also meet evaporative emission 
standards specified in 40 CFR 1045.112, 
whether or not they are used with ma-
rine vessels. Portable nonroad fuel 
tanks are considered to be portable ma-
rine fuel tanks for purposes of this part 
1060. 

(b) The regulations in this part 1060 
apply for new replacement components 
used with any of the engines or equip-
ment specified in paragraph (a) of this 
section as described in § 1060.601. 

(c) Fuel caps are subject to evapo-
rative emission standards at the point 
of installation on a fuel tank. If a fuel 
cap is certified for use with Marine SI 
engines or Small SI engines under the 
optional standards of § 1060.103, it is 
subject to all the requirements of this 
part 1060 as if these optional standards 
were mandatory. 

(d) This part 1060 does not apply to 
any diesel-fueled engine or any other 
engine that does not use a volatile liq-
uid fuel. In addition, this part does not 
apply to any engines or equipment in 
the following categories even if they 
use a volatile liquid fuel: 

(1) Light-duty motor vehicles (see 40 
CFR part 86). 

(2) Heavy-duty motor vehicles and 
heavy-duty motor vehicle engines (see 
40 CFR part 86). This part 1060 also does 
not apply to fuel systems for nonroad 
engines where such fuel systems are 
subject to part 86 because they are part 
of a heavy-duty motor vehicle. 

(3) Aircraft engines (see 40 CFR part 
87). 

(4) Locomotives (see 40 CFR part 92 
and 1033). 

(5) Land-based nonroad diesel engines 
we regulate under 40 CFR part 89. 

(6) Marine diesel engines we regulate 
under 40 CFR part 89, 94, or 1042. 
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Environmental Protection Agency § 1060.5 

(7) Land-based spark-ignition engines 
at or below 19 kW that we regulate 
under 40 CFR part 90. Note that there 
are provisions in 40 CFR part 90 that 
reference specific portions of this part 
1060. 

(8) Marine spark-ignition engines we 
regulate under 40 CFR part 91. 

(e) This part 1060 does not apply for 
fuel lines made wholly of metal. 

TABLE 1 TO § 1060.1—PART 1060 APPLICABILITY A 

Equipment 
category or 
subcategory 

Fuel line 
permeation Tank permeation Diurnal 

emissions Running loss emissions 

Marine SI—portable 
marine fuel tanks.

January 1, 2009 b ......... January 1, 2011 ........... January 1, 2010 ........... Not applicable. 

Marine SI—personal 
watercraft.

January 1, 2009 ........... Model year 2011 .......... Model year 2010 .......... Not applicable. 

Marine SI—other ves-
sels with installed 
fuel tanks.

January 1, 2009 b ......... Model year 2012 .......... July 31, 2011 ............... Not applicable. 

Large SI ....................... Model year 2007 .......... Not applicable .............. Model year 2007 (in-
cludes tank perme-
ation).

Model year 2007. 

Recreational vehicles ... Model year 2008 .......... Model year 2008 .......... Not applicable .............. Not applicable. 
Small SI—handheld ..... Model year 2012 c ........ Model year 2010 d ........ Not applicable .............. Not applicable. 
Small SI—Class I 

nonhandheld.
January 1, 2009 ........... Model year 2012 .......... Not applicable e ............ Model year 2012. 

Small SI—Class II 
nonhandheld.

January 1, 2009 ........... Model year 2011 .......... Not applicable e ............ Model year 2011. 

a Implementation is based on the date of manufacture of the equipment. Where we do not identify a specific date, the emission 
standards start to apply at the beginning of the model year. 

b January 1, 2011 for primer bulbs. Standards phase in for under-cowl fuel lines on outboard engines, by length: 30% in 2010, 
60% in 2011, 90% in 2012–2014, 100% in 2015. 

c 2013 for small-volume emission families that do not include cold-weather fuel lines. 
d 2011 for structurally integrated nylon fuel tanks and 2013 for all small-volume emission families. 
e Manufacturers may optionally meet diurnal standards as specified in § 1060.105(e). 

§ 1060.5 Do the requirements of this 
part apply to me? 

The requirements of this part are 
generally addressed to the manufactur-
ers that are subject to this part’s re-
quirements as described in paragraph 
(a) of this section. The term ‘‘you’’ 
generally means the manufacturer or 
manufacturers that are subject to 
these requirements. Paragraphs (b) 
through (e) of this section describe 
which manufacturers may or must cer-
tify their products. (Note: § 1060.601(f) 
allows the certification responsibility 
to be delegated in certain cir-
cumstances.) 

(a) Overall responsibilities. Manufac-
turers of the engines, equipment, and 
fuel-system components described in 
§ 1060.1 are subject to the standards and 
other requirements of this part 1060 ex-
cept as otherwise noted. Multiple man-
ufacturers may be subject to these 
standards and other requirements. For 
example, when a Small SI equipment 
manufacturer buys fuel line manufac-
tured by another person and installs 
them in its equipment, both the equip-

ment manufacturer and the fuel line 
manufacturer are subject to the stand-
ards and other requirements of this 
part. The following provisions apply in 
such cases: 

(1) Each person meeting the defini-
tion of manufacturer for a product that 
is subject to the standards and other 
requirements of this part must comply 
with such requirements. However, if 
one person complies with a specific re-
quirement for a given product, then all 
manufacturers are deemed to have 
complied with that specific require-
ment. For example, if a Small SI equip-
ment manufacturer uses fuel lines 
manufactured and certified by another 
company, the equipment manufacturer 
is not required to obtain a certificate 
with respect to the fuel line emission 
standards. Such an equipment manu-
facturer remains subject to the stand-
ards and other requirements of this 
part. However, where a provision re-
quires a specific manufacturer to com-
ply with certain provisions, this para-
graph (a) does not change or modify 
such a requirement. For example, this 
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40 CFR Ch. I (7–1–18 Edition) § 1060.5 

paragraph (a) does not allow you to 
rely on another company to certify in-
stead of you if we specifically require 
you to certify. 

(2) The requirements of subparts C 
and D of this part apply to the manu-
facturer that obtains the certificate of 
conformity. Other manufacturers are 
required to comply with the require-
ments of subparts C and D of this part 
only when we send notification. In our 
notification, we will specify a reason-
able period for complying with the re-
quirements identified in the notice. 
See § 1060.601 for the applicability of 40 
CFR part 1068 to these other manufac-
turers. 

(3) Certificate holders are responsible 
for meeting all applicable requirements 
even if other manufacturers are also 
subject to those requirements. 

(b) Marine SI. Certify vessels, en-
gines, and fuel-system components as 
follows: 

(1) Component manufacturers must 
certify their fuel lines and fuel tanks 
intended for installation with Marine 
SI engines and vessels under this part 
1060, except as allowed by § 1060.601(f). 
This includes permeation and diurnal 
emission standards. 

(2) Vessel manufacturers are subject 
to all the requirements of this part 1060 
that apply to Marine SI engines and 
fuel systems. However, they must cer-
tify to the emission standards specified 
in §§ 1060.102 through 1060.105 only if one 
or more of the following conditions 
apply: 

(i) Vessel manufacturers must certify 
fuel system components they install in 
their vessels if the components are not 
certified to meet all applicable evapo-
rative emission standards, including 
both permeation and diurnal standards. 
This would include vessel manufactur-
ers that make their own fuel tanks. 
Vessel manufacturers would need to 
act as component manufacturers to 
certify under this part 1060. 

(ii) Vessel manufacturers must cer-
tify their vessels only if they intend to 
generate or use evaporative emission 
credits. Vessel manufacturers would 
certify under part 40 CFR part 1045 
using the emission-credit provisions in 
subpart H of that part to demonstrate 
compliance with the emission stand-
ard. 

(3) Engine manufacturers must meet 
all the requirements of this part 1060 
that apply to vessel manufacturers for 
all fuel-system components they in-
stall on their engines. For example, en-
gine manufacturers that install under- 
cowl fuel lines and fuel tanks must 
comply with the requirements specified 
for vessel manufacturers with respect 
to those components. 

(c) Large SI. Certify engines, equip-
ment, and fuel-system components as 
follows: 

(1) Engine manufacturers must cer-
tify their engines under 40 CFR part 
1048. 

(2) Equipment manufacturers and 
component manufacturers may certify 
fuel lines and fuel tanks intended for 
use with Large SI engines under this 
part 1060. 

(d) Recreational vehicles. Certify vehi-
cles, engines and fuel-system compo-
nents as follows: 

(1) Vehicle manufacturers must cer-
tify their vehicles under 40 CFR part 
1051. 

(2) Engine manufacturers must meet 
all the requirements of 40 CFR part 
1051 that apply to vehicle manufactur-
ers for all fuel-system components they 
install on their engines. For example, 
engine manufacturers that install fuel- 
line segments on the engines they ship 
to vehicle manufacturers must comply 
with the requirements specified for 
equipment manufacturers with respect 
to those components. 

(3) Component manufacturers may 
certify fuel lines and fuel tanks in-
tended for recreational vehicles under 
this part 1060. 

(e) Small SI. Certify engines, equip-
ment, and fuel-system components as 
follows: 

(1) Component manufacturers must 
certify their fuel lines and fuel tanks 
intended for Small SI engines and 
equipment under this part 1060, except 
as allowed by § 1060.601(f). 

(2) Equipment manufacturers must 
certify fuel system components they 
install in their equipment if the com-
ponents are not certified to meet appli-
cable evaporative emission standards. 
Equipment manufacturers would need 
to act as component manufacturers to 
certify fuel-system components under 
this part 1060. 
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Environmental Protection Agency § 1060.10 

(3) Engine manufacturers must meet 
all the requirements of this part 1060 
that apply to equipment manufacturers 
for all fuel-system components they in-
stall on their engines. Engine manufac-
turers that produce Small SI engines 
with complete fuel systems are consid-
ered the equipment manufacturers for 
those engines under this part 1060. 

(4) Equipment manufacturers must 
certify their equipment and are subject 
to all the requirements of this part 
1060; however, this does not apply for 
equipment using portable nonroad fuel 
tanks. 

(f) Summary of certification responsibil-
ities. Tables 1 through 3 of this section 

summarize the certification respon-
sibilities for different kinds of manu-
facturers as described in paragraphs (b) 
through (e) of this section. The term 
‘‘No’’ as used in the tables means that 
a manufacturer is not required to ob-
tain a certificate of conformity under 
paragraphs (b) through (e) of this sec-
tion. In situations where multiple man-
ufacturers are subject to the standards 
and other requirements of this part, 
such a manufacturer must nevertheless 
certify if the manufacturer who is re-
quired to certify under paragraphs (b) 
through (e) of this section fails to ob-
tain a certificate of conformity. 

TABLE 1 TO § 1060.5—SUMMARY OF ENGINE MANUFACTURER EVAPORATIVE CERTIFICATION 
RESPONSIBILITIES 

Equipment type Is the engine manufacturer required to certify for 
evaporative emission standards? a 

Code of Federal 
Regulations Cite for 

Certification 

Marine SI .................................. No.
Large SI .................................... Yes ............................................................................................. 40 CFR part 1048. 
Recreational vehicles ................ No.
Small SI .................................... No, unless engines are sold with complete fuel systems ......... 40 CFR part 1060. 

a Fuel lines and fuel tanks that are attached to or sold with engines must be covered by a certificate of conformity. 

TABLE 2 TO § 1060.5—SUMMARY OF EQUIPMENT MANUFACTURER EVAPORATIVE CERTIFICATION 
RESPONSIBILITIES 

Equipment type Is the equipment manufacturer required to certify for evapo-
rative emission standards? 

Code of Federal 
Regulations Cite for 

Certification 

Marine SI .................................. Yes, but only if vessel manufacturers install uncertified fuel 
lines or fuel tanks, or they intend to generate or use evapo-
rative emission credits.

40 CFR part 1060.a 

Large SI .................................... Allowed but not required ............................................................ 40 CFR part 1060. 
Recreational vehicles ................ Yes, even if vehicle manufacturers install certified components 40 CFR part 1051. 
Small SI .................................... Yes, unless the equipment uses portable nonroad fuel tanks .. 40 CFR part 1060.a 

a See the exhaust standard-setting part for provisions related to generating or using evaporative emission credits. 

TABLE 3 OF § 1060.5—SUMMARY OF COMPONENT MANUFACTURER CERTIFICATION RESPONSIBILITIES 

Equipment type Is the component manufacturer required to certify fuel lines 
and fuel tanks? 

Code of Federal 
Regulations Cite for 

Certification 

Marine SI .................................. Yes, including portable marine fuel tanks and associated fuel 
lines a.

40 CFR part 1060. 

Large SI .................................... Allowed but not required ............................................................ 40 CFR part 1060. 
Recreational vehicles ................ Allowed but not required ............................................................ 40 CFR part 1060. 
Small SI .................................... Yes a ........................................................................................... 40 CFR part 1060. 

a See § 1060.601 for an allowance to make contractual arrangements with engine or equipment manufacturers instead of 
certifying. 

[73 FR 59298, Oct. 8, 2008, as amended at 80 FR 
9115, Feb. 19, 2015] 

§ 1060.10 How is this part organized? 

This part 1060 is divided into the fol-
lowing subparts: 

(a) Subpart A of this part defines the 
applicability of part 1060 and gives an 
overview of regulatory requirements. 

(b) Subpart B of this part describes 
the emission standards and other re-
quirements that must be met to certify 
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40 CFR Ch. I (7–1–18 Edition) § 1060.15 

equipment or components under this 
part. Note that § 1060.110 discusses cer-
tain interim requirements and compli-
ance provisions that apply only for a 
limited time. 

(c) Subpart C of this part describes 
how to apply for a certificate of con-
formity. 

(d) Subpart D of this part describes 
the requirements related to verifying 
that products are being produced as de-
scribed in an approved application for 
certification. 

(e) Subpart E of this part describes 
the requirements related to verifying 
that products are meeting the stand-
ards in use. 

(f) Subpart F of this part describes 
how to measure evaporative emissions. 

(g) Subpart G of this part and 40 CFR 
part 1068 describe requirements, prohi-
bitions, and other provisions that 
apply to manufacturers, owners, opera-
tors, and all others. 

(h) Subpart H of this part describes 
how to certify your equipment or com-
ponents for inclusion in an emission 
averaging program allowed by an ex-
haust standard-setting part. 

(i) Subpart I of this part contains 
definitions and other reference infor-
mation. 

§ 1060.15 Do any other CFR parts 
apply to me? 

(a) There is a separate part of the 
CFR that includes exhaust emission re-
quirements for each particular applica-
tion, as described in § 1060.1(a). We refer 
to these as the exhaust standard-set-
ting parts. In cases where an exhaust 
standard-setting part includes evapo-
rative requirements, apply this part 
1060 as specified in the exhaust stand-
ard-setting part, as follows: 

(1) The requirements in the exhaust 
standard-setting part may differ from 
the requirements in this part. In cases 
where it is not possible to comply with 
both the exhaust standard-setting part 
and this part, you must comply with 
the requirements in the exhaust stand-
ard-setting part. The exhaust standard- 
setting part may also allow you to de-
viate from the procedures of this part 
for other reasons. 

(2) The exhaust standard-setting 
parts may reference some sections of 
this part 1060 or may allow or require 

certification under this part 1060. See 
the exhaust standard-setting parts to 
determine what provisions of this part 
1060 apply for these equipment types. 

(b) The requirements and prohibi-
tions of part 1068 of this chapter apply 
to everyone, including anyone who 
manufactures, imports, owns, operates, 
or services any of the fuel systems sub-
ject to this part 1060. Part 1068 of this 
chapter describes general provisions, 
including the following areas: 

(1) Prohibited acts and penalties for 
engine manufacturers, equipment man-
ufacturers, and others. 

(2) Exclusions and exemptions for 
certain products. 

(3) Importing products. 
(4) Defect reporting and recall. 
(5) Procedures for hearings. 
(c) Other parts of this chapter apply 

if referenced in this part. 

§ 1060.30 Submission of information. 
(a) This part includes various re-

quirements to record data or other in-
formation. Refer to § 1060.825, 40 CFR 
1068.25, and the exhaust standard-set-
ting part regarding recordkeeping re-
quirements. If recordkeeping require-
ments are not specified, store these 
records in any format and on any 
media and keep them readily available 
for one year after you send an associ-
ated application for certification, or 
one year after you generate the data if 
they do not support an application for 
certification. You must promptly send 
us organized, written records in 
English if we ask for them. We may re-
view them at any time. 

(b) The regulations in § 1060.255 and 40 
CFR 1068.101 describe your obligation 
to report truthful and complete infor-
mation and the consequences of failing 
to meet this obligation. This includes 
information not related to certifi-
cation. 

(c) Send all reports and requests for 
approval to the Designated Compliance 
Officer (see § 1060.801). 

(d) Any written information we re-
quire you to send to or receive from an-
other company is deemed to be a re-
quired record under this section. Such 
records are also deemed to be submis-
sions to EPA. We may require you to 
send us these records whether or not 
you are a certificate holder. 
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Subpart B—Emission Standards 
and Related Requirements 

§ 1060.101 What evaporative emission 
requirements apply under this 
part? 

Products subject to this part must 
meet emission standards and related 
requirements as follows: 

(a) Section 1060.102 describes perme-
ation emission control requirements 
for fuel lines. 

(b) Section 1060.103 describes perme-
ation emission control requirements 
for fuel tanks. 

(c) Section 1060.104 describes running 
loss emission control requirements for 
fuel systems. 

(d) Section 1060.105 describes diurnal 
emission control requirements for fuel 
tanks. 

(e) The following general require-
ments apply for components and equip-
ment subject to the emission standards 
in §§ 1060.102 through 1060.105: 

(1) Adjustable parameters. Components 
or equipment with adjustable param-
eters must meet all the requirements 
of this part for any adjustment in the 
physically adjustable range. 

(2) Prohibited controls. The following 
controls are prohibited: 

(i) For anyone to design, manufac-
ture, or install emission control sys-
tems so they cause or contribute to an 
unreasonable risk to public health, 
welfare, or safety while operating. 

(ii) For anyone to design, manufac-
ture, or install emission control sys-
tems with features that disable, deacti-
vate, or bypass the emission controls, 
either actively or passively. For exam-
ple, you may not include a manual 
vent that the operator can open to by-
pass emission controls. You may ask us 
to allow such features if needed for 
safety reasons or if the features are 
fully functional during emission tests 
described in subpart F of this part. 

(3) Emission credits. Equipment manu-
facturers are allowed to comply with 
the emission standards in this part 
using evaporative emission credits only 
if the exhaust standard-setting part ex-
plicitly allows it for evaporative emis-
sions. See the exhaust standard-setting 
part and subpart H of this part for in-
formation about complying with evapo-
rative emission credits. For equipment 

manufacturers to generate or use evap-
orative emission credits, components 
must be certified to a family emission 
limit, which serves as the standard for 
those components. 

(f) This paragraph (f) specifies re-
quirements that apply to equipment 
manufacturers subject to requirements 
under this part, whether or not they 
are subject to and certify to any of the 
emission standards in §§ 1060.102 
through 1060.105. Equipment manufac-
turers meeting these requirements will 
be deemed to be certified as in con-
formity with the requirements of this 
paragraph (f) without submitting an 
application for certification, as fol-
lows: 

(1) Fuel caps, vents, and carbon can-
isters. You are responsible for ensuring 
that proper caps and vents are in-
stalled on each new piece of equipment 
that is subject to emission standards 
under this part. The following par-
ticular requirements apply to equip-
ment that is subject to running loss or 
diurnal emission standards, including 
portable marine fuel tanks: 

(i) All equipment must have a teth-
ered fuel cap. Fuel caps must also in-
clude a visual, audible, or other phys-
ical indication that they have been 
properly sealed. 

(ii) You may not add vents unless 
they are specified in or allowed by the 
applicable certificates of conformity. 

(iii) If the emission controls rely on 
carbon canisters, they must be in-
stalled in a way that prevents exposing 
the carbon to water or liquid fuel. 

(2) Fuel-line fittings. The following re-
quirements apply for fuel-line fittings 
that will be used with fuel lines that 
must meet permeation emission stand-
ards: 

(i) Use good engineering judgment to 
ensure that all fuel-line fittings will 
remain securely connected to prevent 
fuel leakage throughout the useful life 
of the equipment. 

(ii) Fuel lines that are intended to be 
detachable (such as those for portable 
marine fuel tanks) must be self-sealing 
when detached from the fuel tank or 
engine. 

(3) Refueling. For any equipment 
using fuel tanks that are subject to di-
urnal or permeation emission stand-
ards under this part, you must design 
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and build your equipment such that op-
erators can reasonably be expected to 
fill the fuel tank without spitback or 
spillage during the refueling event. The 
following examples illustrate designs 
that meet this requirement: 

(i) Equipment that is commonly refu-
eled using a portable gasoline con-
tainer should have a fuel tank inlet 
that is larger than a typical dispensing 
spout. The fuel tank inlet should be lo-
cated so the operator can place the 
nozzle directly in the fuel tank inlet 
and see the fuel level in the tank while 
pouring the fuel from an appropriately 
sized refueling container (either 
through the tank wall or the fuel tank 
inlet). We will deem you to comply 
with the requirements of this para-
graph (f)(3)(i) if you design your equip-
ment to meet applicable industry 
standards related to fuel tank inlets. 

(ii) Marine SI vessels with a filler 
neck extending to the side of the boat 
should be designed for automatic fuel 
shutoff. Alternatively, the filler neck 
should be designed such that the ori-
entation of the filler neck allows dis-
pensed fuel that collects in the filler 
neck to flow back into the fuel tank. A 
filler neck that ends with a horizontal 
or nearly horizontal segment at the 
opening where fuel is dispensed would 
not be an acceptable design. 

(g) Components and equipment must 
meet the standards specified in this 
part throughout the applicable useful 
life. Where we do not specify proce-
dures for demonstrating the durability 
of emission controls, use good engi-
neering judgment to ensure that your 
products will meet the standards 
throughout the useful life. The useful 
life is one of the following values: 

(1) The useful life in years specified 
for the components or equipment in 
the exhaust standard-setting part. 

(2) The useful life in years specified 
for the engine in the exhaust standard- 
setting part if the exhaust standards 
are specified for the engine rather than 
the equipment and there is no useful 
life given for components or equip-
ment. 

(3) Five years if no useful life is spec-
ified in years for the components, 
equipment, or engines in the exhaust 
standard-setting part. 

§ 1060.102 What permeation emission 
control requirements apply for fuel 
lines? 

(a) Nonmetal fuel lines must meet 
permeation requirements as follows: 

(1) Marine SI fuel lines, including 
fuel lines associated with outboard en-
gines or portable marine fuel tanks, 
must meet the permeation require-
ments in this section. 

(2) Large SI fuel lines must meet the 
permeation requirements specified in 
40 CFR 1048.105. 

(3) Fuel lines for recreational vehi-
cles must meet the permeation require-
ments specified in 40 CFR 1051.110 or in 
this section. 

(4) Small SI fuel lines must meet the 
permeation requirements in this sec-
tion, unless they are installed in equip-
ment certified to meet diurnal emis-
sion standards under § 1060.105(e). 

(b) Different categories of nonroad 
equipment are subject to different re-
quirements with respect to fuel line 
permeation. Fuel lines are classified 
based on measured emissions over the 
test procedure specified for the class. 

(c) The regulations in 40 CFR part 
1048 require that fuel lines used with 
Large SI engines must meet the stand-
ards for EPA Low-Emission Fuel Lines. 
The regulations in 40 CFR part 1054 re-
quire that fuel lines used with 
handheld Small SI engines installed in 
cold-weather equipment must meet the 
standards for EPA Cold-Weather Fuel 
Lines. Unless specified otherwise in 
this subchapter U, fuel lines used with 
all other engines and equipment sub-
ject to the provisions of this part 1060, 
including fuel lines associated with 
outboard engines or portable marine 
fuel tanks, must meet the standards 
for EPA Nonroad Fuel Lines. 

(d) The following standards apply for 
each fuel line classification: 

(1) EPA Low-Emission Fuel Lines 
must have permeation emissions at or 
below 10 g/m2/day when measured ac-
cording to the test procedure described 
in § 1060.510. Fuel lines that comply 
with this emission standard are deemed 
to comply with all the emission stand-
ards specified in this section. 

(2) EPA Nonroad Fuel Lines must 
have permeation emissions at or below 
15 g/m2/day when measured according 
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to the test procedure described in 
§ 1060.515. 

(3) EPA Cold-Weather Fuel Lines 
must meet the following permeation 
emission standards when measured ac-
cording to the test procedure described 
in § 1060.515: 

TABLE 1 TO § 1060.102—PERMEATION STAND-
ARDS FOR EPA COLD-WEATHER FUEL LINES 

Model year Standard 
(g/m2/day) 

2012 ............................................................... 290 
2013 ............................................................... 275 
2014 ............................................................... 260 
2015 ............................................................... 245 
2016 and later ............................................... 225 

(e) You may certify fuel lines as fol-
low: 

(1) You may certify straight-run fuel 
lines as sections of any length. 

(2) You may certify molded fuel lines 
in any configuration representing your 
actual production, subject to the provi-
sions for selecting a worst-case con-
figuration in § 1060.235(b). 

(3) You may certify fuel line assem-
blies as aggregated systems that in-
clude multiple sections of fuel line 
with connectors and fittings. For ex-
ample, you may certify fuel lines for 
portable marine fuel tanks as assem-
blies of fuel hose, primer bulbs, and 
self-sealing end connections. The 
length of such an assembly must not be 
longer than a typical in-use installa-
tion and must always be less than 2.5 
meters long. You may also certify 
primer bulbs separately. The standard 
applies with respect to the total perme-
ation emissions divided by the wetted 
internal surface area of the assembly. 
Where it is not practical to determine 
the actual internal surface area of the 
assembly, you may assume that the in-
ternal surface area per unit length of 
the assembly is equal to the ratio of in-
ternal surface area per unit length of 
the hose section of the assembly. 

[73 FR 59298, Oct. 8, 2008, as amended at 74 FR 
8426, Feb. 24, 2009] 

§ 1060.103 What permeation emission 
control requirements apply for fuel 
tanks? 

(a) Fuel tanks must meet permeation 
requirements as follows: 

(1) Marine SI fuel tanks, including 
engine-mounted fuel tanks and port-

able marine fuel tanks, must meet the 
permeation requirements in this sec-
tion. 

(2) Large SI fuel tanks must meet di-
urnal emission standards as specified 
in § 1060.105, which includes measure-
ment of permeation emissions. No sep-
arate permeation standard applies. 

(3) Fuel tanks for recreational vehi-
cles must meet the permeation require-
ments specified in 40 CFR 1051.110 or in 
this section. 

(4) Small SI fuel tanks must meet the 
permeation requirements in this sec-
tion unless they are installed in equip-
ment certified to meet diurnal emis-
sion standards under § 1060.105(e). 

(b) Permeation emissions from fuel 
tanks may not exceed 1.5 g/m2/day 
when measured at a nominal tempera-
ture of 28 °C with the test procedures 
for tank permeation in § 1060.520. You 
may also choose to meet a standard of 
2.5 g/m2/day if you perform testing at a 
nominal temperature of 40 °C under 
§ 1060.520(d). 

(c) The exhaust standard-setting part 
may allow for certification of fuel 
tanks to a family emission limit for 
calculating evaporative emission cred-
its as described in subpart H of this 
part instead of meeting the emission 
standards in this section. 

(d) For purposes of this part, fuel 
tanks do not include fuel lines that are 
subject to § 1060.102, petcocks designed 
for draining fuel, grommets used with 
fuel lines, or grommets used with other 
hose or tubing excluded from the defi-
nition of ‘‘fuel line.’’ Fuel tanks in-
clude other fittings (such as fuel caps, 
gaskets, and O-rings) that are directly 
mounted to the fuel tank. 

(e) Fuel caps may be certified sepa-
rately relative to the permeation emis-
sion standard in paragraph (b) of this 
section using the test procedures speci-
fied in § 1060.521. Fuel caps certified 
alone do not need to meet the emission 
standard. Rather, fuel caps would be 
certified with a Family Emission 
Limit, which is used for demonstrating 
that fuel tanks meet the emission 
standard as described in § 1060.520(b)(5). 
For the purposes of this paragraph (e), 
gaskets or O-rings that are produced as 
part of an assembly with the fuel cap 
are considered part of the fuel cap. 
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(f) Metal fuel tanks that meet the 
permeation criteria in § 1060.240(d)(2) or 
use certified nonmetal fuel caps will be 
deemed to be certified as in conformity 
with the requirements of this section 
without submitting an application for 
certification. 

[73 FR 59298, Oct. 8, 2008, as amended at 74 FR 
8427, Feb. 24, 2009; 75 FR 23026, Apr. 30, 2010] 

§ 1060.104 What running loss emission 
control requirements apply? 

(a) Engines and equipment must 
meet running loss requirements as fol-
lows: 

(1) Marine SI engines and vessels are 
not subject to running loss emission 
standards. 

(2) Large SI engines and equipment 
must prevent fuel boiling during oper-
ation as specified in 40 CFR 1048.105. 

(3) Recreational vehicles are not sub-
ject to running loss emission stand-
ards. 

(4) Nonhandheld Small SI engines 
and equipment that are not used in 
wintertime equipment must meet run-
ning loss requirements described in 
this section. Handheld Small SI en-
gines and equipment are not subject to 
running loss emission standards. 

(b) You must demonstrate control of 
running loss emissions in one of the 
following ways if your engines or 
equipment are subject to the require-
ments of this section: 

(1) Route running loss emissions into 
the engine intake system so fuel vapors 
vented from the tank during engine op-
eration are combusted in the engine. 
This may involve routing vapors 
through a carbon canister. If another 
company has certified the engine with 
respect to exhaust emissions, state in 
your application for certification that 
you have followed the engine manufac-
turer’s installation instructions. 

(2) Use a fuel tank that remains 
sealed under normal operating condi-
tions. This may involve a bladder or 
other means to prevent pressurized fuel 
tanks. 

(3) Get an approved Executive Order 
from the California Air Resources 
Board showing that your system meets 
applicable running loss standards in 
California. 

(c) If you are subject to both running 
loss and diurnal emission standards, 

use good engineering judgment to en-
sure that the emission controls are 
compatible. 

§ 1060.105 What diurnal requirements 
apply for equipment? 

(a) Fuel tanks must meet diurnal 
emission requirements as follows: 

(1) Marine SI fuel tanks, including 
engine-mounted fuel tanks and port-
able marine fuel tanks, must meet the 
requirements related to diurnal emis-
sions specified in this section. 

(2) Large SI fuel tanks must meet the 
requirements related to diurnal emis-
sions specified in 40 CFR 1048.105. 

(3) Recreational vehicles are not sub-
ject to diurnal emission standards. 

(4) Small SI fuel tanks are not sub-
ject to diurnal emission standards, ex-
cept as specified in paragraph (e) of 
this section. 

(b) Diurnal emissions from Marine SI 
fuel tanks may not exceed 0.40 g/gal/ 
day when measured using the test pro-
cedures specified in § 1060.525 for gen-
eral fuel temperatures. An alternative 
standard of 0.16 g/gal/day applies for 
fuel tanks installed in nontrailerable 
boats when measured using the cor-
responding fuel temperature profile in 
§ 1060.525. Portable marine fuel tanks 
are not subject to the requirements of 
this paragraph (b), but must instead 
comply with the requirements of para-
graphs (c) and (d) of this section. 

(c) Portable marine fuel tanks and 
associated fuel-system components 
must meet the following requirements: 

(1) They must be self-sealing when 
detached from the engines. The tanks 
may not vent to the atmosphere when 
attached to an engine. An integrated or 
external manually activated device 
may be included in the fuel tank design 
to temporarily relieve pressure before 
refueling or connecting the fuel tank 
to the engine. However, the default set-
ting for such a vent must be consistent 
with the requirement in paragraph 
(c)(2) of this section. 

(2) They must remain sealed up to a 
positive pressure of 24.5 kPa (3.5 psig); 
however, they may contain air inlets 
that open when there is a vacuum pres-
sure inside the tank. Such fuel tanks 
may not contain air outlets that vent 
to the atmosphere at pressures below 
34.5 kPa (5.0 psig). 
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(d) Detachable fuel lines that are in-
tended for use with portable marine 
fuel tanks must have connection points 
that are self-sealing when not attached 
to the engine or fuel tank. 

(e) Manufacturers of nonhandheld 
Small SI equipment may optionally 
meet the diurnal emission standards 
adopted by the California Air Re-
sources Board in the Final Regulation 
Order, Article 1, Chapter 15, Division 3, 
Title 13, California Code of Regula-
tions, July 26, 2004 (incorporated by 
reference in § 1060.810). To meet this re-
quirement, equipment must be cer-
tified to the performance standards 
specified in Title 13 CCR § 2754(a) based 
on the applicable requirements speci-
fied in CP–902 and TP–902, including 
the requirements related to fuel caps in 
Title 13 CCR § 2756. Equipment certified 
under this paragraph (e) does not need 
to use fuel lines or fuel tanks that have 
been certified separately. Equipment 
certified under this paragraph (e) are 
subject to all the referenced require-
ments as if these specifications were 
mandatory. 

(f) The following general provisions 
apply for controlling diurnal emis-
sions: 

(1) If you are subject to both running 
loss and diurnal emission standards, 
use good engineering judgment to en-
sure that the emission controls are 
compatible. 

(2) You may not use diurnal emission 
controls that increase the occurrence 
of fuel spitback or spillage during in- 
use refueling. Also, if you use a carbon 
canister, you must incorporate design 
features that prevent liquid gasoline 
from reaching the canister during re-
fueling or as a result of fuel sloshing or 
fuel expansion. 

(3) You must meet the following pro-
visions from ABYC H–25, July 2010 (in-
corporated by reference in § 1060.810) 
with respect to portable marine fuel 
tanks: 

(i) Provide information related to the 
pressure relief method (25.8.2.1 and 
25.8.2.1.1). 

(ii) Perform system testing (25.10 
through 25.10.5). 

[73 FR 59298, Oct. 8, 2008, as amended at 74 FR 
8427, Feb. 24, 2009; 75 FR 56482, Sept. 16, 2010] 

§ 1060.120 What emission-related war-
ranty requirements apply? 

(a) General requirements. The certi-
fying manufacturer must warrant to 
the ultimate purchaser and each subse-
quent purchaser that the new nonroad 
equipment, including its evaporative 
emission control system, meets two 
conditions: 

(1) It is designed, built, and equipped 
so it conforms at the time of sale to 
the ultimate purchaser with the re-
quirements of this part. 

(2) It is free from defects in materials 
and workmanship that may keep it 
from meeting these requirements. 

(b) Warranty period. Your emission- 
related warranty must be valid for at 
least two years from the point of first 
retail sale. 

(c) Components covered. The emission- 
related warranty covers all compo-
nents whose failure would increase the 
evaporative emissions, including those 
listed in 40 CFR part 1068, Appendix I, 
and those from any other system you 
develop to control emissions. Your 
emission-related warranty does not 
cover components whose failure would 
not increase evaporative emissions. 

(d) Relationships between manufactur-
ers. (1) The emission-related warranty 
required for equipment manufacturers 
that certify equipment must cover all 
specified components even if another 
company produces the component. 

(2) Where an equipment manufac-
turer fulfills a warranty obligation for 
a given component, the component 
manufacturer is deemed to have also 
met that obligation. 

§ 1060.125 What maintenance instruc-
tions must I give to buyers? 

Give ultimate purchasers written in-
structions for properly maintaining 
and using the emission control system. 
You may not specify any maintenance 
more frequently than once per year. 
For example, if you produce cold- 
weather equipment that requires re-
placement of fuel cap gaskets or O- 
rings, provide clear instructions to the 
ultimate purchaser, including the re-
quired replacement interval. 
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§ 1060.130 What installation instruc-
tions must I give to equipment man-
ufacturers? 

(a) If you sell a certified fuel-system 
component for someone else to install 
in equipment, give the installer in-
structions for installing it consistent 
with the requirements of this part. 

(b) Make sure the instructions have 
the following information: 

(1) Include the heading: ‘‘Emission- 
related installation instructions’’. 

(2) State: ‘‘Failing to follow these in-
structions when installing [IDENTIFY 
COMPONENT(S)] in a piece of nonroad 
equipment violates federal law (40 CFR 
1068.105(b)), subject to fines or other 
penalties as described in the Clean Air 
Act.’’ 

(3) Describe any limits on the range 
of applications needed to ensure that 
the component operates consistently 
with your application for certification. 
For example: 

(i) For fuel tanks sold without fuel 
caps, you must specify the require-
ments for the fuel cap, such as the al-
lowable materials, thread pattern, how 
it must seal, etc. You must also in-
clude instructions to tether the fuel 
cap as described in § 1060.101(f)(1) if you 
do not sell your fuel tanks with teth-
ered fuel caps. 

(ii) If your fuel lines do not meet per-
meation standards specified in § 1060.102 
for EPA Low-Emission Fuel Lines, tell 
equipment manufacturers not to in-
stall the fuel lines with Large SI en-
gines that operate on gasoline or an-
other volatile liquid fuel. 

(4) Describe instructions for install-
ing components so they will operate 
according to design specifications in 
your application for certification. 
Specify sufficient detail to ensure that 
the equipment will meet the applicable 
standards when your component is in-
stalled. 

(5) If you certify a component with a 
family emission limit above the emis-
sion standard, be sure to indicate that 
the equipment manufacturer must 
have a source of credits to offset the 
higher emissions. Also indicate the ap-
plications for which the regulations 
allow for compliance using evaporative 
emission credits. 

(6) Instruct the equipment manufac-
turers that they must comply with the 
requirements of § 1060.202. 

(c) You do not need installation in-
structions for components you install 
in your own equipment. 

(d) Provide instructions in writing or 
in an equivalent format. For example, 
you may post instructions on a pub-
licly available Web site for 
downloading or printing, provided you 
keep a copy of these instructions in 
your records. If you do not provide the 
instructions in writing, explain in your 
application for certification how you 
will ensure that each installer is in-
formed of the installation require-
ments. 

§ 1060.135 How must I label and iden-
tify the engines and equipment I 
produce? 

The labeling requirements of this 
section apply for all equipment manu-
facturers and for engine manufacturers 
that certify with respect to evapo-
rative emissions. See § 1060.137 for the 
labeling requirements that apply sepa-
rately for fuel lines, fuel tanks, and 
other fuel-system components. 

(a) You must affix a permanent and 
legible label identifying each engine or 
piece of equipment before introducing 
it into U.S. commerce. The label must 
be— 

(1) Attached in one piece so it is not 
removable without being destroyed or 
defaced. 

(2) Secured to a part of the engine or 
equipment needed for normal operation 
and not normally requiring replace-
ment. 

(3) Durable and readable for the 
equipment’s entire life. 

(4) Written in English. 
(5) Readily visible in the final instal-

lation. It may be under a hinged door 
or other readily opened cover. It may 
not be hidden by any cover attached 
with screws or any similar designs. La-
bels on marine vessels (except personal 
watercraft) must be visible from the 
helm. 

(b) If you hold a certificate for your 
engine or equipment with respect to 
evaporative emissions, the engine or 
equipment label specified in paragraph 
(a) of this section must— 
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(1) Include the heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(2) Include your corporate name and 
trademark. You may identify another 
company and use its trademark instead 
of yours if you comply with the provi-
sions of § 1060.640. 

(3) State the date of manufacture 
[MONTH and YEAR] of the equipment; 
however, you may omit this from the 
label if you stamp or engrave it on the 
equipment. 

(4) State: ‘‘THIS EQUIPMENT [or 
VEHICLE or BOAT] MEETS U.S. EPA 
EVAP STANDARDS.’’ 

(5) Identify the certified fuel-system 
components installed on the equipment 
as described in this paragraph (b)(5). 
Establish a component code for each 
certified fuel-system component, in-
cluding those certified by other compa-
nies. You may use part numbers, cer-
tification numbers, or any other 
unique code that you or the certifying 
component manufacturer establish. 
This identifying information must cor-
respond to printing or other labeling 
on each certified fuel-system compo-
nent, whether you or the component 
manufacturer certifies the individual 
component. You may identify multiple 
part numbers if your equipment design 
might include an option to use more 
than one component design (such as 
from multiple component manufactur-
ers). Use one of the following methods 
to include information on the label 
that identifies certified fuel-system 
components: 

(i) Use the component codes to iden-
tify each certified fuel-system compo-
nent on the label specified in this para-
graph (b). 

(ii) Identify the emission family on 
the label using EPA’s standardized des-
ignation or an abbreviated equipment 
code that you establish in your appli-
cation for certification. Equipment 
manufacturers that also certify their 
engines with respect to exhaust emis-
sions may use the same emission fam-
ily name for both exhaust and evapo-
rative emissions. If you use the provi-
sions of this paragraph (b)(5)(ii), you 
must identify all the certified fuel-sys-
tem components and the associated 
component codes in your application 
for certification. In this case the label 
specified in this paragraph (b) may 

omit the information related to spe-
cific fuel-system components. 

(c) If you produce equipment without 
certifying with respect to evaporative 
emissions, the equipment label speci-
fied in paragraph (a) of this section 
must— 

(1) State: ‘‘MEETS U.S. EPA EVAP 
STANDARDS USING CERTIFIED 
COMPONENTS.’’ 

(2) Include your corporate name. 
(d) You may add information to the 

emission control information label as 
follows: 

(1) You may identify other emission 
standards that the engine meets or 
does not meet (such as California 
standards). You may include this infor-
mation by adding it to the statement 
we specify or by including a separate 
statement. 

(2) You may add other information to 
ensure that the engine will be properly 
maintained and used. 

(3) You may add appropriate features 
to prevent counterfeit labels. For ex-
ample, you may include the engine’s 
unique identification number on the 
label. 

(e) Anyone subject to the labeling re-
quirements in this part 1060 may ask us 
to approve modified labeling require-
ments if it is necessary or appropriate. 
We will approve the request if the al-
ternate label is consistent with the re-
quirements of this part. 

[73 FR 59298, Oct. 8, 2008, as amended at 75 FR 
23026, Apr. 30, 2010] 

§ 1060.137 How must I label and iden-
tify the fuel-system components I 
produce? 

The requirements of this section 
apply for manufacturers of fuel-system 
components subject to emission stand-
ards under this part 1060. However, 
these requirements do not apply if you 
produce fuel-system components that 
will be covered by a certificate of con-
formity from another company under 
§ 1060.601(f). These requirements also do 
not apply for components you certify if 
you also certify the equipment in 
which the component is installed and 
meet the labeling requirements in 
§ 1060.135. 
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(a) Label the components identified 
in this paragraph (a), unless the com-
ponents are too small to be properly la-
beled. Unless we approve otherwise, we 
consider parts large enough to be prop-
erly labeled if they have space for 12 
characters in six-point font (approxi-
mately 2 mm × 12 mm). For these small 
parts, you may omit the label as long 
as you identify those part numbers in 
your maintenance and installation in-
structions. 

(1) All fuel tanks, except for metal 
fuel tanks that are deemed certified 
under § 1060.103(f). 

(2) Fuel lines. This includes primer 
bulbs unless they are excluded from the 
definition of ‘‘fuel line’’ under the 
standard-setting part. Label primer 
bulbs separately. 

(3) Carbon canisters. 
(4) Fuel caps, as described in this 

paragraph (a)(4). Fuel caps must be la-
beled if they are separately certified 
under § 1060.103 or if the diurnal control 
system requires that the fuel tank hold 
pressure. Fuel caps must also be la-
beled if they are mounted directly on 
the fuel tank, unless the fuel tank is 
certified based on a worst-case fuel cap. 

(5) Replaceable pressure-relief assem-
blies. This does not apply if the compo-
nent is integral to the fuel tank or fuel 
cap. 

(6) Other components we determine 
to be critical to the proper functioning 
of evaporative emission controls. 

(b) Label your certified fuel-system 
components at the time of manufac-
ture. The label must be— 

(1) Attached so it is not removable 
without being destroyed or defaced. 
This may involve printing directly on 
the product. For molded products, you 
may use the mold to apply the label. 

(2) Durable and readable for the 
equipment’s entire life. 

(3) Written in English. 
(c) Except as specified in paragraph 

(d) of this section, you must create the 
label specified in paragraph (b) of this 
section as follows: 

(1) Include your corporate name. You 
may identify another company instead 
of yours if you comply with the provi-
sions of § 1054.640. 

(2) Include EPA’s standardized des-
ignation for the emission family. 

(3) State: ‘‘EPA COMPLIANT’’. 

(4) Fuel tank labels must identify the 
FEL, if applicable. 

(5) Fuel line labels must identify the 
applicable permeation level. This may 
involve any of the following ap-
proaches: 

(i) Identify the applicable numerical 
emission standard (such as 15 g/m 2/ 
day). 

(ii) Identify the applicable emission 
standards using EPA classifications 
(such as EPA Nonroad Fuel Lines). 

(iii) Identify the applicable industry 
standard specification (such as SAE J30 
R12). 

(6) Fuel line labels must be contin-
uous, with no more than 12 inches be-
fore repeating. We will consider labels 
to be continuous if the space between 
repeating segments is no longer than 
that of the repeated information. You 
may add a continuous stripe or other 
pattern to help identify the particular 
type or grade of your products. 

(d) You may create an abbreviated 
label for your components. Such a label 
may rely on codes to identify the com-
ponent. The code must at a minimum 
identify the certification status, your 
corporate name, and the emission fam-
ily. For example, XYZ Manufacturing 
may label its fuel lines as ‘‘EPA–XYZ– 
A15’’ to designate that their ‘‘A15’’ 
family was certified to meet EPA’s 15 
g/m 2/day standard. If you do this, you 
must describe the abbreviated label in 
your application for certification and 
identify all the associated information 
specified in paragraph (c) of this sec-
tion. 

(e) You may ask us to approve modi-
fied labeling requirements in this sec-
tion as described in § 1060.135(e). 

[73 FR 59298, Oct. 8, 2008, as amended at 75 FR 
23026, Apr. 30, 2010] 

Subpart C—Certifying Emission 
Families 

§ 1060.201 What are the general re-
quirements for obtaining a certifi-
cate of conformity? 

Manufacturers of engines, equipment, 
or fuel-system components may need 
to certify their products with respect 
to evaporative emission standards as 
described in §§ 1060.1 and 1060.601. See 
§ 1060.202 for requirements related to 
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certifying with respect to the require-
ments specified in § 1060.101(f). The fol-
lowing general requirements apply for 
obtaining a certificate of conformity: 

(a) You must send us a separate ap-
plication for a certificate of con-
formity for each emission family. A 
certificate of conformity for equipment 
is valid starting with the indicated ef-
fective date but it is not valid for any 
production after December 31 of the 
model year for which it is issued. No 
certificate will be issued after Decem-
ber 31 of the model year. A certificate 
of conformity for a component is valid 
starting with the indicated effective 
date but it is not valid for any produc-
tion after the end of the production pe-
riod for which it is issued. 

(b) The application must contain all 
the information required by this part 
and must not include false or incom-
plete statements or information (see 
§ 1060.255). 

(c) We may ask you to include less 
information than we specify in this 
subpart as long as you maintain all the 
information required by § 1060.250. For 
example, equipment manufacturers 
might use only components that are 
certified by other companies to meet 
applicable emission standards, in which 
case we would not require submission 
of emission data already submitted by 
the component manufacturer. 

(d) You must use good engineering 
judgment for all decisions related to 
your application (see 40 CFR 1068.5). 

(e) An authorized representative of 
your company must approve and sign 
the application. 

(f) See § 1060.255 for provisions de-
scribing how we will process your ap-
plication. 

(g) We may specify streamlined pro-
cedures for small-volume equipment 
manufacturers. 

§ 1060.202 What are the certification 
requirements related to the general 
standards in § 1060.101? 

Equipment manufacturers must en-
sure that their equipment is certified 
with respect to the general standards 
specified in § 1060.101(f) as follows: 

(a) If § 1060.5 requires you to certify 
your equipment to any of the emission 
standards specified in §§ 1060.102 
through 1060.105, describe in your appli-

cation for certification how you will 
meet the general standards specified in 
§ 1060.101(f). 

(b) If § 1060.5 does not require you to 
certify your equipment to any of the 
emission standards specified in 
§§ 1060.102 through 1060.105, your equip-
ment is deemed to be certified with re-
spect to the general standards specified 
in § 1060.101(f) if you design and produce 
your equipment to meet those stand-
ards. 

(1) You must keep records as de-
scribed in § 1060.210. The other provi-
sions of this part for certificate holders 
apply only as specified in § 1060.5. 

(2) Your equipment is deemed to be 
certified only to the extent that it 
meets the general standards in 
§ 1060.101(f). Thus, it is a violation of 40 
CFR 1068.101(a)(1) to introduce into 
U.S. commerce such equipment that 
does not meet applicable requirements 
under § 1060.101(f). 

(c) Instead of relying on paragraph 
(b) of this section, you may submit an 
application for certification and obtain 
a certificate from us. The provisions of 
this part apply in the same manner for 
certificates issued under this para-
graph (c) as for any other certificate 
issued under this part. 

§ 1060.205 What must I include in my 
application? 

This section specifies the informa-
tion that must be in your application, 
unless we ask you to include less infor-
mation under § 1060.201(c). We may re-
quire you to provide additional infor-
mation to evaluate your application. 

(a) Describe the emission family’s 
specifications and other basic param-
eters of the emission controls. Describe 
how you meet the running loss emis-
sion control requirements in § 1060.104, 
if applicable. Describe how you meet 
any applicable equipment-based re-
quirements of § 1060.101(e) and (f). State 
whether you are requesting certifi-
cation for gasoline or some other fuel 
type. List each distinguishable configu-
ration in the emission family. 

(b) Describe the products you se-
lected for testing and the reasons for 
selecting them. 

(c) Describe the test equipment and 
procedures that you used, including 
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any special or alternate test proce-
dures you used (see § 1060.501). 

(d) List the specifications of the test 
fuel to show that it falls within the re-
quired ranges specified in subpart F of 
this part. 

(e) State the equipment applications 
to which your certification is limited. 
For example, if your fuel system meets 
the emission requirements of this part 
applicable only to handheld Small SI 
equipment, state that the requested 
certificate would apply only for 
handheld Small SI equipment. 

(f) Identify the emission family’s use-
ful life. 

(g) Include the maintenance instruc-
tions you will give to the ultimate pur-
chaser of each new nonroad engine (see 
§ 1060.125). 

(h) Include the emission-related in-
stallation instructions you will provide 
if someone else will install your com-
ponent in a piece of nonroad equipment 
(see § 1060.130). 

(i) Describe your emission control in-
formation label (see §§ 1060.135 and 
1060.137). 

(j) Identify the emission standards or 
FELs to which you are certifying the 
emission family. 

(k) Present emission data to show 
your products meet the applicable 
emission standards. Note that 
§§ 1060.235 and 1060.240 allow you to sub-
mit an application in certain cases 
without new emission data. 

(l) State that your product was test-
ed as described in the application (in-
cluding the test procedures, test pa-
rameters, and test fuels) to show you 
meet the requirements of this part. If 
you did not do the testing, identify the 
source of the data. 

(m) Report all test results, including 
those from invalid tests, whether or 
not they were conducted according to 
the test procedures of subpart F of this 
part. We may ask you to send other in-
formation to confirm that your tests 
were valid under the requirements of 
this part. 

(n) Unconditionally certify that all 
the products in the emission family 
comply with the requirements of this 
part, other referenced parts of the 
CFR, and the Clean Air Act. 

(o) Include good-faith estimates of 
U.S.-directed production volumes. In-

clude a justification for the estimated 
production volumes if they are sub-
stantially different than actual produc-
tion volumes in earlier years for simi-
lar models. 

(p) Include other applicable informa-
tion, such as information required by 
other subparts of this part. 

(q) Name an agent for service located 
in the United States. Service on this 
agent constitutes service on you or any 
of your officers or employees for any 
action by EPA or otherwise by the 
United States related to the require-
ments of this part. 

§ 1060.210 What records should equip-
ment manufacturers keep if they do 
not apply for certification? 

If you are an equipment manufac-
turer that does not need to obtain a 
certificate of conformity for your 
equipment as described in § 1060.5, you 
must keep the records specified in this 
section to document compliance with 
applicable requirements. We may re-
view these records at any time. If we 
ask, you must send us these records 
within 30 days. You must keep these 
records for eight years from the end of 
the model year. 

(a) Identify your equipment models 
and the annual U.S.-directed produc-
tion volumes for each model. 

(b) Identify the emission family 
names of the certificates that will 
cover your equipment, the part num-
bers of those certified components, and 
the names of the companies that hold 
the certificates. You must be able to 
identify this information for each piece 
of equipment you produce. 

(c) Describe how you comply with 
any emission-related installation in-
structions, labeling requirements, and 
the general standards in § 1060.101(e) 
and (f). 

§ 1060.225 How do I amend my applica-
tion for certification? 

Before we issue a certificate of con-
formity, you may amend your applica-
tion to include new or modified con-
figurations, subject to the provisions of 
this section. After we have issued your 
certificate of conformity, you may 
send us an amended application re-
questing that we include new or modi-
fied configurations within the scope of 
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the certificate, subject to the provi-
sions of this section. You must amend 
your application if any changes occur 
with respect to any information in-
cluded in your application. 

(a) You must amend your application 
before you take any of the following 
actions: 

(1) Add a configuration to an emis-
sion family. In this case, the configura-
tion added must be consistent with 
other configurations in the emission 
family with respect to the criteria list-
ed in § 1060.230. 

(2) Change a configuration already 
included in an emission family in a 
way that may affect emissions, or 
change any of the components you de-
scribed in your application for certifi-
cation. This includes production and 
design changes that may affect emis-
sions any time during the equipment’s 
lifetime. 

(3) Modify an FEL for an emission 
family as described in paragraph (f) of 
this section. Note however that compo-
nent manufacturers may not modify an 
FEL for their products unless they sub-
mit a separate application for a new 
emission family. 

(b) To amend your application for 
certification, send the Designated 
Compliance Officer the following infor-
mation: 

(1) Describe in detail the addition or 
change in the configuration you intend 
to make. 

(2) Include engineering evaluations or 
data showing that the amended emis-
sion family complies with all applica-
ble requirements. You may do this by 
showing that the original emission 
data are still appropriate for showing 
that the amended family complies with 
all applicable requirements. 

(3) If the original emission data for 
the emission family are not appro-
priate to show compliance for the new 
or modified configuration, include new 
test data showing that the new or 
modified configuration meets the re-
quirements of this part. 

(c) We may ask for more test data or 
engineering evaluations. Within 30 
days after we make our request, you 
must provide the information or de-
scribe your plan for providing it in a 
timely manner. 

(d) For emission families already 
covered by a certificate of conformity, 
we will determine whether the existing 
certificate of conformity covers your 
new or modified configuration. You 
may ask for a hearing if we deny your 
request (see § 1060.820). 

(e) For emission families already cov-
ered by a certificate of conformity, you 
may start producing the new or modi-
fied configuration anytime after you 
send us your amended application and 
before we make a decision under para-
graph (d) of this section. However, if we 
determine that the affected configura-
tions do not meet applicable require-
ments, we will notify you to cease pro-
duction of the configurations and may 
require you to recall the equipment at 
no expense to the owner. Choosing to 
produce equipment under this para-
graph (e) is deemed to be consent to re-
call all equipment that we determine 
do not meet applicable emission stand-
ards or other requirements and to rem-
edy the nonconformity at no expense 
to the owner. If you do not provide in-
formation we request under paragraph 
(c) of this section within 30 days after 
we request it, you must stop producing 
the new or modified equipment. 

(f) If you hold a certificate of con-
formity for equipment and you have 
certified the fuel tank that you install 
in the equipment, you may ask us to 
approve a change to your FEL after the 
start of production. The changed FEL 
may not apply to equipment you have 
already introduced into U.S. com-
merce, except as described in this para-
graph (f). If we approve a changed FEL 
after the start of production, you must 
identify the date or serial number for 
applying the new FEL. If you identify 
this by month and year, we will con-
sider that a lowered FEL applies on the 
last day of the month and a raised FEL 
applies on the first day of the month. 
You may ask us to approve a change to 
your FEL in the following cases: 

(1) You may ask to raise your FEL 
for your emission family at any time. 
In your request, you must show that 
you will still be able to meet the emis-
sion standards as specified in the ex-
haust standard-setting part. If you 
amend your application by submitting 
new test data to include a newly added 
or modified fuel tank configuration, as 
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described in paragraph (b)(3) of this 
section, use the appropriate FELs with 
corresponding production volumes to 
calculate your production-weighted av-
erage FEL for the model year. In all 
other circumstances, you must use the 
higher FEL for the entire family to 
calculate your production-weighted av-
erage FEL under subpart H of this part. 

(2) You may ask to lower the FEL for 
your emission family only if you have 
test data from production units show-
ing that emissions are below the pro-
posed lower FEL. The lower FEL ap-
plies only for units you produce after 
we approve the new FEL. Use the ap-
propriate FELs with corresponding 
production volumes to calculate your 
production-weighted average FEL for 
the model year. 

(g) Component manufacturers may 
not change an emission family’s FEL 
under any circumstances. Changing the 
FEL would require submission of a new 
application for certification. 

§ 1060.230 How do I select emission 
families? 

(a) For purposes of certification, di-
vide your product line into families of 
equipment (or components) that are ex-
pected to have similar emission char-
acteristics throughout their useful life. 

(b) Group fuel lines into the same 
emission family if they are the same in 
all the following aspects: 

(1) Type of material including barrier 
layer. 

(2) Production method. 
(3) Types of connectors and fittings 

(material, approximate wall thickness, 
etc.) for fuel line assemblies certified 
together. 

(c) Group fuel tanks (or fuel systems 
including fuel tanks) into the same 
emission family if they are the same in 
all the following aspects: 

(1) Type of material, including any 
pigments, plasticizers, UV inhibitors, 
or other additives that are expected to 
affect control of emissions. 

(2) Production method. 
(3) Relevant characteristics of fuel 

cap design for fuel systems subject to 
diurnal emission requirements. 

(4) Gasket material. 
(5) Emission control strategy. 
(6) Family emission limit, if applica-

ble. 

(d) Group other fuel-system compo-
nents and equipment into the same 
emission family if they are the same in 
all the following aspects: 

(1) Emission control strategy and de-
sign. 

(2) Type of material (such as type of 
charcoal used in a carbon canister). 
This criteria does not apply for mate-
rials that are unrelated to emission 
control performance. 

(3) The fuel systems meet the run-
ning loss emission standard based on 
the same type of compliance dem-
onstration specified in § 1060.104(b), if 
applicable. 

(e) You may subdivide a group of 
equipment or components that are 
identical under paragraphs (b) through 
(d) of this section into different emis-
sion families if you show the expected 
emission characteristics are different 
during the useful life. 

(f) In unusual circumstances, you 
may group equipment or components 
that are not identical with respect to 
the things listed in paragraph (b) 
through (d) of this section into the 
same emission family if you show that 
their emission characteristics during 
the useful life will be similar. The pro-
visions of this paragraph (f) do not ex-
empt any engines or equipment from 
meeting all the applicable standards 
and requirements in subpart B of this 
part. 

(g) Emission families may include 
components used in multiple equip-
ment categories. Such families are cov-
ered by a single certificate. For exam-
ple, a single emission family may con-
tain fuel tanks used in both Small SI 
equipment and Marine SI vessels. 

§ 1060.235 What emission testing must 
I perform for my application for a 
certificate of conformity? 

This section describes the emission 
testing you must perform to show com-
pliance with the emission standards in 
subpart B of this part. 

(a) Test your products using the pro-
cedures and equipment specified in sub-
part F of this part. 

(b) Select an emission-data unit from 
each emission family for testing. If you 
are certifying with a family emission 
limit, you must test at least three 
emission-data units. In general, you 
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must test a preproduction product that 
will represent actual production. How-
ever, for fuel tank permeation, you 
may test a tank with standardized ge-
ometry provided that it is made of the 
same material(s) and appropriate wall 
thickness. In general, the test proce-
dures specify that components or sys-
tems be tested rather than complete 
equipment. For example, to certify 
your family of Small SI equipment, 
you would need to test a sample of fuel 
line for permeation emissions and a 
fuel tank for permeation emissions. 
Note that paragraph (e) of this section 
and § 1060.240 allow you in certain cir-
cumstances to certify without testing 
an emission-data unit from the emis-
sion family. Select test components 
that are most likely to exceed (or have 
emissions nearer to) the applicable 
emission standards as follows: 

(1) For fuel tanks, consider the fol-
lowing factors associated with higher 
emission levels: 

(i) Smallest average wall thickness 
(or barrier thickness, as appropriate). 

(ii) Greatest extent of pinch welds for 
tanks using barrier technologies. 

(iii) Greatest relative area of gasket 
material, especially if gaskets are 
made of high-permeation materials. 

(2) For fuel lines, consider the fol-
lowing factors associated with higher 
emission levels: 

(i) Smallest average wall thickness 
(or barrier thickness, as appropriate). 

(ii) Smallest inner diameter. 
(c) You may not do maintenance on 

emission-data units. 
(d) We may measure emissions from 

any of your products from the emission 
family, as follows: 

(1) You must supply your products to 
us if we choose to perform confirm-
atory testing. 

(2) If we measure emissions on one of 
your products, the results of that test-
ing become the official emission re-
sults for the emission family. Unless 
we later invalidate these data, we may 
decide not to consider your data in de-
termining if your emission family 
meets applicable requirements. 

(e) You may ask to use carryover 
emission data from a previous produc-
tion period instead of doing new tests, 
but only if all the following are true: 

(1) The emission family from the pre-
vious production period differs from 
the current emission family only with 
respect to production period or other 
characteristics unrelated to emissions. 
You may also ask to add a configura-
tion subject to § 1060.225. 

(2) The emission-data unit from the 
previous production period remains the 
appropriate emission-data unit under 
paragraph (b) of this section. For ex-
ample, you may not carryover emission 
data for your family of nylon fuel 
tanks if you have added a thinner- 
walled fuel tank than was tested pre-
viously. 

(3) The data show that the emission- 
data unit would meet all the require-
ments that apply to the emission fam-
ily covered by the application for cer-
tification. 

(f) We may require you to test an-
other unit of the same or different con-
figuration in addition to the unit(s) 
tested under paragraph (b) of this sec-
tion. 

(g) If you use an alternate test proce-
dure under § 1060.505, and later testing 
shows that such testing does not 
produce results that are equivalent to 
the procedures specified in this part, 
we may reject data you generated 
using the alternate procedure. 

§ 1060.240 How do I demonstrate that 
my emission family complies with 
evaporative emission standards? 

(a) For purposes of certification, your 
emission family is considered in com-
pliance with an evaporative emission 
standard in subpart B of this part if 
you do either of the following: 

(1) You have test results showing a 
certified emission level from the fuel 
tank or fuel line (as applicable) in the 
family are at or below the applicable 
standard. 

(2) You comply with design specifica-
tions as specified in paragraphs (d) 
through (f) of this section. 

(b) Your emission family is deemed 
not to comply if any fuel tank or fuel 
line representing that family has an of-
ficial emission result above the stand-
ard. 

(c) Round each official emission re-
sult to the same number of decimal 
places as the emission standard. 
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(d) You may demonstrate for certifi-
cation that your emission family com-
plies with the fuel tank permeation 
standards specified in § 1060.103 with 
any of the following control tech-
nologies: 

(1) A coextruded high-density poly-
ethylene fuel tank with a continuous 
ethylene vinyl alcohol barrier layer 
(with not more than 40 molar percent 
ethylene) making up at least 2 percent 
of the fuel tank’s overall wall thick-
ness with any of the following gasket 
and fuel-cap characteristics: 

(i) No nonmetal gaskets or fuel caps. 
(ii) All nonmetal gaskets and fuel 

caps made from low-permeability ma-
terials. 

(iii) Nonmetal gaskets and fuel caps 
that are not made from low-perme-
ability materials up to the following 
limits: 

(A) Gaskets with a total exposed sur-
face area less than 0.25 percent of the 
total inside surface area of the fuel 
tank. For example, a fuel tank with an 
inside surface area of 0.40 square me-
ters may use high-permeation gasket 
material representing a surface area of 
up to 1,000 mm2 (0.25% × 1⁄100 × 0.40 m2 × 
1,000,000 mm2/m2). Determine surface 
area based on the amount of material 
exposed to liquid fuel. 

(B) Fuel caps directly mounted to the 
fuel tank with the surface area of the 
fuel cap less than 3.0 percent of the 
total inside surface area of the fuel 
tank. Use the smallest inside cross-sec-
tional area of the opening on which the 
cap is mounted as the fuel cap’s surface 
area. 

(2) A metal fuel tank with the gasket 
and fuel-cap characteristics meeting 
the specifications in paragraphs 
(d)(1)(i) through (iii) of this section. 

(e) You may demonstrate for certifi-
cation that your emission family com-
plies with the diurnal emission stand-
ards specified in § 1060.105 with any of 
the following control technologies: 

(1) A Marine SI fuel tank sealed up to 
a positive pressure of 7.0 kPa (1.0 psig); 
however, the fuel tank may contain air 
inlets that open when there is a vacu-
um pressure inside the tank. 

(2) A Marine SI fuel tank equipped 
with a passively purged carbon canister 
that meets the requirements of this 
paragraph (e)(2). The carbon must ad-

sorb no more than 0.5 grams of water 
per gram of carbon at 90% relative hu-
midity and a temperature of 25±5 °C. 
The carbon granules must have a min-
imum mean diameter of 3.1 mm based 
on the procedures in ASTM D2862 (in-
corporated by reference in § 1060.810). 
The carbon must also pass a dust attri-
tion test based on ASTM D3802 (incor-
porated by reference in § 1060.810), ex-
cept that hardness is defined as the 
ratio of mean particle diameter before 
and after the test and the procedure 
must involve twenty 1⁄2-inch steel balls 
and ten 3⁄4-inch steel balls. Use good en-
gineering judgment in the structural 
design of the carbon canister. The can-
ister must have a volume compensator 
or some other device to prevent the 
carbon pellets from moving within the 
canister as a result of vibration or 
changing temperature. The canister 
must have a minimum working capac-
ity as follows: 

(i) You may use the measurement 
procedures specified by the California 
Air Resources Board in Attachment 1 
to TP–902 to show that canister work-
ing capacity is least 3.6 grams of vapor 
storage capacity per gallon of nominal 
fuel tank capacity (or 1.4 grams of 
vapor storage capacity per gallon of 
nominal fuel tank capacity for fuel 
tanks used in nontrailerable boats). 
TP–902 is part of Final Regulation 
Order, Article 1, Chapter 15, Division 3, 
Title 13, California Code of Regula-
tions, July 26, 2004 as adopted by the 
California Air Resources Board (incor-
porated by reference in § 1060.810). 

(ii) You may produce canisters with a 
minimum carbon volume of 0.040 liters 
per gallon of nominal fuel tank capac-
ity (or 0.016 liters per gallon for fuel 
tanks used in nontrailerable boats). 
The carbon canister must have a min-
imum effective length-to-diameter 
ratio of 3.5 and the vapor flow must be 
directed with the intent of using the 
whole carbon bed. The carbon must 
have a minimum carbon working ca-
pacity of 90 grams per liter. 

(f) We may establish additional de-
sign certification options where we find 
that new test data demonstrate that 
the use of a different technology design 
will ensure compliance with the appli-
cable emission standards. 
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(g) You may not establish a family 
emission limit below the emission 
standard for components certified 
based on design specifications under 
this section even if actual emission 
rates are much lower. 

§ 1060.250 What records must I keep? 

(a) Organize and maintain the fol-
lowing records: 

(1) A copy of all applications and any 
summary information you send us. 

(2) Any of the information we specify 
in § 1060.205 that you were not required 
to include in your application. 

(3) A detailed history of each emis-
sion-data unit. For each emission data 
unit, include all of the following: 

(i) The emission-data unit’s construc-
tion, including its origin and buildup, 
steps you took to ensure that it rep-
resents production equipment, any 
components you built specially for it, 
and all the components you include in 
your application for certification. 

(ii) All your emission tests, including 
documentation on routine and stand-
ard tests, and the date and purpose of 
each test. 

(iii) All tests to diagnose emission 
control performance, giving the date 
and time of each and the reasons for 
the test. 

(iv) Any other significant events. 
(4) Annual production figures for 

each emission family divided by assem-
bly plant. 

(5) Keep a list of equipment identi-
fication numbers for all the equipment 
you produce under each certificate of 
conformity. 

(b) Keep required data from routine 
emission tests (such as temperature 
measurements) for one year after we 
issue the associated certificate of con-
formity. Keep all other information 
specified in paragraph (a) of this sec-
tion for eight years after we issue your 
certificate. 

(c) Store these records in any format 
and on any media as long as you can 
promptly send us organized, written 
records in English if we ask for them. 
You must keep these records readily 
available. We may review them at any 
time. 

§ 1060.255 What decisions may EPA 
make regarding my certificate of 
conformity? 

(a) If we determine your application 
is complete and shows that the emis-
sion family meets all the requirements 
of this part and the Clean Air Act, we 
will issue a certificate of conformity 
for your emission family for that pro-
duction period. We may make the ap-
proval subject to additional conditions. 

(b) We may deny your application for 
certification if we determine that your 
emission family fails to comply with 
emission standards or other require-
ments of this part or the Clean Air Act. 
We will base our decision on all avail-
able information. If we deny your ap-
plication, we will explain why in writ-
ing. 

(c) In addition, we may deny your ap-
plication or suspend or revoke your 
certificate if you do any of the fol-
lowing: 

(1) Refuse to comply with any testing 
or reporting requirements. 

(2) Submit false or incomplete infor-
mation (paragraph (e) of this section 
applies if this is fraudulent). 

(3) Render inaccurate any test data. 
(4) Deny us from completing author-

ized activities despite our presenting a 
warrant or court order (see 40 CFR 
1068.20). This includes a failure to pro-
vide reasonable assistance. 

(5) Produce equipment or components 
for importation into the United States 
at a location where local law prohibits 
us from carrying out authorized activi-
ties. 

(6) Fail to supply requested informa-
tion or amend your application to in-
clude all equipment or components 
being produced. 

(7) Take any action that otherwise 
circumvents the intent of the Clean Air 
Act or this part. 

(d) We may void your certificate if 
you do not keep the records we require 
or do not give us information when we 
ask for it. 

(e) We may void your certificate if we 
find that you intentionally submitted 
false or incomplete information. 

(f) If we deny your application or sus-
pend, revoke, or void your certificate, 
you may ask for a hearing (see 
§ 1060.820). 
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Subpart D—Production Verification 
Testing 

§ 1060.301 Manufacturer testing. 
(a) Using good engineering judgment, 

you must evaluate production samples 
to verify that equipment or compo-
nents you produce are as specified in 
the certificate of conformity. This may 
involve testing using certification pro-
cedures or other measurements. 

(b) You must give us records to docu-
ment your evaluation if we ask for 
them. 

§ 1060.310 Supplying products to EPA 
for testing. 

Upon our request, you must supply a 
reasonable number of production sam-
ples to us for verification testing. 

Subpart E—In-use Testing 

§ 1060.401 General Provisions. 
We may perform in-use testing of any 

equipment or fuel-system components 
subject to the standards of this part. 

Subpart F—Test Procedures 

§ 1060.501 General testing provisions. 
(a) This subpart is addressed to you 

as a certifying manufacturer but it ap-
plies equally to anyone who does test-
ing for you. 

(b) Unless we specify otherwise, the 
terms ‘‘procedures’’ and ‘‘test proce-
dures’’ in this part include all aspects 
of testing, including the equipment 
specifications, calibrations, calcula-
tions, and other protocols and proce-
dural specifications needed to measure 
emissions. 

(c) The specification for gasoline to 
be used for testing is given in 40 CFR 
1065.710. Use the grade of gasoline spec-

ified for general testing. For testing 
specified in this part that requires a 
blend of gasoline and ethanol, blend 
this grade of gasoline with fuel-grade 
ethanol meeting the specifications of 
ASTM D4806 (incorporated by reference 
in § 1060.810). You do not need to meas-
ure the ethanol concentration of such 
blended fuels and may instead cal-
culate the blended composition by as-
suming that the ethanol is pure and 
mixes perfectly with the base fuel. For 
example, if you mix 10.0 liters of fuel- 
grade ethanol with 90.0 liters of gaso-
line, you may assume the resulting 
mixture is 10.0 percent ethanol. You 
may use more or less pure ethanol if 
you can demonstrate that it will not 
affect your ability to demonstrate 
compliance with the applicable emis-
sion standards. Note that unless we 
specify otherwise, any references to 
gasoline-ethanol mixtures containing a 
specified ethanol concentration means 
mixtures meeting the provisions of this 
paragraph (c). 

(d) Accuracy and precision of all tem-
perature measurements must be ±1.0 °C 
or better. If you use multiple sensors 
to measure differences in temperature, 
calibrate the sensors so they will be 
within 0.5 °C of each other when they 
are in thermal equilibrium at a point 
within the range of test temperatures 
(use the starting temperature in Table 
1 to § 1060.525 unless this is not fea-
sible). 

(e) Accuracy and precision of mass 
balances must be sufficient to ensure 
accuracy and precision of two percent 
or better for emission measurements 
for products at the maximum level al-
lowed by the standard. The readability 
of the display may not be coarser than 
half of the required accuracy and preci-
sion. Examples are shown in the fol-
lowing table for a digital readout: 

Example #1 Example #2 Example #3 

Applicable standard ................................. 1.5 g/m2/day ..................... 1.5 g/m2/day ..................... 15 g/m2/day. 
Internal surface area ................................ 1.15 m2 ............................. 0.47 m2 ............................. 0.015 m2. 
Length of test ........................................... 14.0 days .......................... 14.0 days .......................... 14.1 days. 
Maximum allowable mass change .......... 24.15 g .............................. 9.87 g ................................ 3.173 g. 
Required accuracy and precision ............ ±0.483 g or better ............. ±0.197 g or better ............. ±0.0635 g or better. 
Required readability ................................. 0.1 g or better ................... 0.1 g or better ................... 0.01 g or better. 
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[73 FR 59298, Oct. 8, 2008, as amended at 74 FR 
8427, Feb. 24, 2009] 

§ 1060.505 Other procedures. 
(a) Your testing. The procedures in 

this part apply for all testing you do to 
show compliance with emission stand-
ards, with certain exceptions listed in 
this section. 

(b) Our testing. These procedures gen-
erally apply for testing that we do to 
determine if your equipment complies 
with applicable emission standards. We 
may perform other testing as allowed 
by the Clean Air Act. 

(c) Exceptions. We may allow or re-
quire you to use procedures other than 
those specified in this part in the fol-
lowing cases: 

(1) You may request to use special 
procedures if your equipment cannot be 
tested using the specified procedures. 
We will approve your request if we de-
termine that it would produce emission 
measurements that represent in-use 
operation and we determine that it can 
be used to show compliance with the 
requirements of the standard-setting 
part. 

(2) You may ask to use emission data 
collected using other procedures, such 
as those of the California Air Re-
sources Board or the International Or-
ganization for Standardization. We will 
approve this only if you show us that 
using these other procedures does not 
affect your ability to show compliance 
with the applicable emission standards. 
This generally requires emission levels 
to be far enough below the applicable 
emission standards so any test dif-
ferences do not affect your ability to 
state unconditionally that your equip-
ment will meet all applicable emission 
standards when tested using the speci-
fied test procedures. 

(3) You may request to use alternate 
procedures that are equivalent to al-
lowed procedures or are more accurate 
or more precise than allowed proce-
dures. See 40 CFR 1065.12 for a descrip-
tion of the information that is gen-
erally required to show that an alter-
nate test procedure is equivalent. 

(4) The test procedures are specified 
for gasoline-fueled equipment. If your 
equipment will use another volatile 
liquid fuel instead of gasoline, use a 
test fuel that is representative of the 

fuel that will be used with the equip-
ment in use. You may ask us to ap-
prove other changes to the test proce-
dures to reflect the effects of using a 
fuel other than gasoline. 

(d) Approval. If we require you to re-
quest approval to use other procedures 
under paragraph (c) of this section, you 
may not use them until we approve 
your request. 

§ 1060.510 How do I test EPA Low- 
Emission Fuel Lines for permeation 
emissions? 

For EPA Low-Emission Fuel Lines, 
measure emissions according to SAE 
J2260, which is incorporated by ref-
erence in § 1060.810. 

[74 FR 8427, Feb. 24, 2009] 

§ 1060.515 How do I test EPA Nonroad 
Fuel Lines and EPA Cold-Weather 
Fuel Lines for permeation emis-
sions? 

Measure emission as follows for EPA 
Nonroad Fuel Lines and EPA Cold- 
Weather Fuel Lines: 

(a) Prior to permeation testing, use 
good engineering judgment to pre-
condition the fuel line by filling it with 
the fuel specified in this paragraph (a), 
sealing the openings, and soaking it for 
at least four weeks at 43 ±5 °C or eight 
weeks at 23 ±5 °C. 

(1) For EPA Nonroad Fuel Lines, use 
Fuel CE10, which is Fuel C as specified 
in ASTM D471 (incorporated by ref-
erence in § 1060.810) blended with eth-
anol such that the blended fuel has 10.0 
±1.0 percent ethanol by volume. 

(2) For EPA Cold-Weather Fuel 
Lines, use gasoline blended with eth-
anol such that the blended fuel has 10.0 
±1.0 percent ethanol by volume. 

(b) Drain the fuel line and refill it 
immediately with the fuel specified in 
paragraph (a) of this section. Be careful 
not to spill any fuel. 

(c) Except as specified in paragraph 
(d) of this section, measure fuel line 
permeation emissions using the equip-
ment and procedures for weight-loss 
testing specified in SAE J30 or SAE 
J1527 (incorporated by reference in 
§ 1060.810). Start the measurement pro-
cedure within 8 hours after draining 
and refilling the fuel line. Perform the 
emission test over a sampling period of 
14 days. You may omit up to two daily 
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measurements in any seven day period. 
Determine your final emission result 
based on the average of measured val-
ues over the 14-day period. Maintain an 
ambient temperature of 23±2 °C 
throughout the sampling period. 

(d) For fuel lines with a nominal 
inner diameter below 5.0 mm, you may 
alternatively measure fuel line perme-
ation emissions using the equipment 
and procedures for weight-loss testing 
specified in SAE J2996 (incorporated by 
reference in § 1060.810). Determine your 
final emission result based on the aver-
age of measured values over the 14-day 
sampling period. Maintain an ambient 
temperature of 23±2 °C throughout the 
sampling period. 

(e) Use good engineering judgment to 
test short fuel line segments. For ex-
ample, you may need to join individual 
fuel line segments using proper connec-
tion fittings to achieve enough length 
and surface area for a proper measure-
ment. Size the fuel reservoir appro-
priately for the tested fuel line. 

[73 FR 59298, Oct. 8, 2008, as amended at 74 FR 
8427, Feb. 24, 2009; 75 FR 23027, Apr. 30, 2010; 
80 FR 9116, Feb. 19, 2015] 

§ 1060.520 How do I test fuel tanks for 
permeation emissions? 

Measure permeation emissions by 
weighing a sealed fuel tank before and 
after a temperature-controlled soak. 

(a) Preconditioning durability testing. 
Take the following steps before an 
emission test, in any order, if your 
emission control technology involves 
surface treatment or other post-proc-
essing treatments such as an epoxy 
coating: 

(1) Pressure cycling. Perform a pres-
sure test by sealing the tank and cy-
cling it between +13.8 and ¥3.4 kPa 
(+2.0 and ¥0.5 psig) for 10,000 cycles at 
a rate of 60 seconds per cycle. The pur-
pose of this test is to represent envi-
ronmental wall stresses caused by pres-
sure changes and other factors (such as 
vibration or thermal expansion). If 
your tank cannot be tested using the 
pressure cycles specified by this para-
graph (a)(1), you may ask to use special 
test procedures under § 1060.505. 

(2) UV exposure. Perform a sunlight- 
exposure test by exposing the tank to 
an ultraviolet light of at least 24 W/m2 
(0.40 W-hr/m2/min) on the tank surface 

for at least 450 hours. Alternatively, 
the fuel tank may be exposed to direct 
natural sunlight for an equivalent pe-
riod of time as long as you ensure that 
the tank is exposed to at least 450 day-
light hours. 

(3) Slosh testing. Perform a slosh test 
by filling the tank to 40–50 percent of 
its capacity with the fuel specified in 
paragraph (e) of this section and rock-
ing it at a rate of 15 cycles per minute 
until you reach one million total cy-
cles. Use an angle deviation of + 15° to 
¥15° from level. 

(4) Cap testing. Perform durability cy-
cles on fuel caps intended for use with 
handheld equipment by putting the 
fuel cap on and taking it off 300 times. 
Tighten the fuel cap each time in a 
way that represents the typical in-use 
experience. 

(b) Preconditioning fuel soak. Take the 
following steps before an emission test: 

(1) Fill the tank with the fuel speci-
fied in paragraph (e) of this section, 
seal it, and allow it to soak at 28 ±5 °C 
for at least 20 weeks. Alternatively, the 
tank may be soaked for at least 10 
weeks at 43±5 °C. You may count the 
time of the preconditioning steps in 
paragraph (a) of this section as part of 
the preconditioning fuel soak as long 
as the ambient temperature remains 
within the specified temperature range 
and the fuel tank is at least 40 percent 
full; you may add or replace fuel as 
needed to conduct the specified dura-
bility procedures. 

(2) Empty the fuel tank and imme-
diately refill it with the specified test 
fuel to its nominal capacity. Be careful 
not to spill any fuel. 

(3) [Reserved] 
(4) Allow the tank and its contents to 

equilibrate to the temperatures speci-
fied in paragraph (d)(7) of this section. 
Seal the fuel tank as described in para-
graph (b)(5) of this section once the 
fuel temperatures are stabilized at the 
test temperature. You must seal the 
tank no more than eight hours after re-
fueling. Until the fuel tank is sealed, 
take steps to minimize the vapor losses 
from the fuel tank, such as keeping the 
fuel cap loose on the fuel inlet or rout-
ing vapors through a vent hose. 

(5) Seal the fuel tank as follows: 
(i) If fuel tanks are designed for use 

with a filler neck such that the fuel 
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cap is not directly mounted on the fuel 
tank, you may seal the fuel inlet with 
a nonpermeable covering. 

(ii) If fuel tanks are designed with 
fuel caps directly mounted on the fuel 
tank, take one of the following ap-
proaches: 

(A) Use a production fuel cap ex-
pected to have permeation emissions at 
least as high as the highest-emitting 
fuel cap that you expect to be used 
with fuel tanks from the emission fam-
ily. It would generally be appropriate 
to consider an HDPE fuel cap with a 
nitrile rubber seal to be worst-case. 

(B) You may seal the fuel inlet with 
a nonpermeable covering if you sepa-
rately account for permeation emis-
sions from the fuel cap. This may in-
volve a separate measurement of per-
meation emissions from a worst-case 
fuel cap as described in § 1060.521. This 
may also involve specifying a worst- 
case Family Emission Limit based on 
separately certified fuel caps as de-
scribed in § 1060.103(e). 

(C) If you use or specify a fuel gasket 
made of low-permeability material, 
you may seal the fuel inlet with a non-
permeable covering and calculate an 
emission rate for the complete fuel 
tank using a default value of 30 g/m2/ 
day for the fuel cap (or 50 g/m2/day for 
testing at 40 °C). Use the smallest in-
side cross-sectional area of the opening 
on which the cap is mounted as the fuel 
cap’s surface area. 

(iii) Openings that are not normally 
sealed on the fuel tank (such as hose- 
connection fittings and vents in fuel 
caps) may be sealed using nonper-
meable fittings such as metal or 
fluoropolymer plugs. 

(iv) Openings for petcocks that are 
designed for draining fuel may be 
sealed using nonpermeable fittings 
such as metal or fluoropolymer plugs. 

(v) Openings for grommets may be 
sealed using nonpermeable fittings 
such as metal or fluoropolymer plugs. 

(vi) Rather than sealing a fuel tank 
with nonpermeable fittings, you may 
produce a fuel tank for testing without 
machining or stamping those holes. 

(c) Reference tank. A reference tank is 
required to correct for buoyancy ef-
fects that may occur during testing. 
Prepare the reference tank as follows: 

(1) Obtain a second tank whose total 
volume is within 5 percent of the test 
tank’s volume. You may not use a tank 
that has previously contained fuel or 
any other contents that might affect 
its mass stability. 

(2) Fill the reference tank with 
enough glass beads (or other inert ma-
terial) so the mass of the reference 
tank is approximately the same as the 
test tank when filled with fuel. Consid-
ering the performance characteristics 
of your balance, use good engineering 
judgment to determine how similar the 
mass of the reference tank needs to be 
to the mass of the test tank. 

(3) Ensure that the inert material is 
dry. 

(4) Seal the tank. 
(d) Permeation test run. To run the 

test, take the following steps after pre-
conditioning: 

(1) Determine the fuel tank’s internal 
surface area in square-meters, accurate 
to at least three significant figures. 
You may use less accurate estimates of 
the surface area if you make sure not 
to overestimate the surface area. 

(2) Weigh the sealed test tank and 
record the weight. Place the reference 
tank on the balance and tare it so it 
reads zero. Place the sealed test tank 
on the balance and record the dif-
ference between the test tank and the 
reference tank. This value is Mo. Take 
this measurement directly after seal-
ing the test tank as specified in para-
graphs (b)(4) and (5) of this section. 

(3) Carefully place the tank within a 
temperature-controlled room or enclo-
sure. Do not spill or add any fuel. 

(4) Close the room or enclosure as 
needed to control temperatures and 
record the time. However, you may 
need to take steps to prevent an accu-
mulation of hydrocarbon vapors in the 
room or enclosure that might affect 
the degree to which fuel permeates 
through the fuel tank. This might sim-
ply involve passive ventilation to allow 
fresh air exchanges. 

(5) Ensure that the measured tem-
perature in the room or enclosure stays 
within the temperatures specified in 
paragraph (d)(6) of this section. 

(6) Leave the tank in the room or en-
closure for the duration of the test run. 

(7) Hold the temperature of the room 
or enclosure at 28 ±2 °C; measure and 
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record the temperature at least daily. 
You may alternatively hold the tem-
perature of the room or enclosure at 40 
±2 °C to demonstrate compliance with 
the alternative standards specified in 
§ 1060.103(b). 

(8) Measure weight loss daily by 
retaring the balance using the ref-
erence tank and weighing the sealed 
test tank. Calculate the cumulative 
weight loss in grams for each measure-
ment. Calculate the coefficient of de-
termination, r2, based on a linear plot 
of cumulative weight loss vs. test days. 
Use the equation in 40 CFR 1065.602(k), 
with cumulative weight loss rep-
resented by yi and cumulative time 
represented by yref. The daily measure-
ments must be at approximately the 
same time each day. You may omit up 
to two daily measurements in any 
seven-day period. Test for ten full days, 
then determine when to stop testing as 
follows: 

(i) You may stop testing after the 
measurement on the tenth day if r2 is 
at or above 0.95 or if the measured 
value is less than 50 percent of the ap-
plicable standard. (Note that if a Fam-
ily Emission Limit applies for the fam-
ily, it is considered to be the applicable 
standard for that family.) This means 
that if you stop testing with an r2 
below 0.95, you may not use the data to 
show compliance with a Family Emis-
sion Limit less than twice the meas-
ured value. 

(ii) If after ten days of testing your r2 
value is below 0.95 and your measured 
value is more than 50 percent of the ap-
plicable standard, continue testing for 

a total of 20 days or until r2 is at or 
above 0.95. If r2 is not at or above 0.95 
within 20 days of testing, discontinue 
the test and precondition the fuel tank 
further until it has stabilized emission 
levels, then repeat the testing. 

(9) Record the difference in mass be-
tween the reference tank and the test 
tank for each measurement. This value 
is Mi, where i is a counter representing 
the number of days elapsed. Subtract 
Mi from Mo and divide the difference by 
the internal surface area of the fuel 
tank. Divide this g/m2 value by the 
number of test days (using at least two 
decimal places) to calculate the emis-
sion rate in g/m2/day. Example: If a 
tank with an internal surface area of 
0.720 m2 weighed 1.31 grams less than 
the reference tank at the beginning of 
the test and weighed 9.86 grams less 
than the reference tank after soaking 
for 10.03 days, the emission rate would 
be— 
((¥1.31 g)¥(¥9.86 g))/0.720 m2/10.03 days 

= 1.1839 g/m2/day 
(10) Determine your final emission 

result based on the cumulative weight 
loss measured on the final day of test-
ing. Round this result to the same 
number of decimal places as the emis-
sion standard. 

(e) Fuel specifications. Use gasoline 
blended with ethanol such that the 
blended fuel has 10.0 ±1.0 percent eth-
anol by volume as specified in § 1060.501. 
As an alternative, you may use Fuel 
CE10, as described in § 1060.515(a)(1). 

(f) Flow chart. The following figure 
presents a flow chart for the perme-
ation testing described in this section: 
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[73 FR 59298, Oct. 8, 2008, as amended at 75 FR 
23027, Apr. 30, 2010; 80 FR 9116, Feb. 19, 2015] 

§ 1060.521 How do I test fuel caps for 
permeation emissions? 

If you measure a fuel tank’s perme-
ation emissions with a nonpermeable 
covering in place of the fuel cap under 
§ 1060.520(b)(5)(ii)(B), you must sepa-
rately measure permeation emissions 
from a fuel cap. You may show that 
your fuel tank and fuel cap meet emis-
sion standards by certifying them sepa-
rately or by combining the separate 
measurements into a single emission 
rate based on the relative surface areas 
of the fuel tank and fuel cap. However, 
you may not combine these emission 
measurements if you test the fuel cap 
at a nominal temperature of 28 °C and 
you test the fuel tank at 40 °C. Measure 
the fuel cap’s permeation emissions as 
follows: 

(a) Select a fuel cap expected to have 
permeation emissions at least as high 
as the highest-emitting fuel cap that 
you expect to be used with fuel tanks 
from the emission family. Include a 
gasket that represents production mod-
els. If the fuel cap includes vent paths, 
seal these vents as follows: 

(1) If the vent path is through 
grooves in the gasket, you may use an-
other gasket with no vent grooves if it 
is otherwise the same as a production 
gasket. 

(2) If the vent path is through the 
cap, seal any vents for testing. 

(b) Attach the fuel cap to a fuel tank 
with a capacity of at least one liter 
made of metal or some other imper-
meable material. 

(c) Use the procedures specified in 
§ 1060.520 to measure permeation emis-
sions. Calculate emission rates using 
the smallest inside cross sectional area 
of the opening on which the cap is 
mounted as the fuel cap’s surface area. 

§ 1060.525 How do I test fuel systems 
for diurnal emissions? 

Use the procedures of this section to 
determine whether your fuel tanks 
meet diurnal emission standards as 
specified in § 1060.105. 

(a) Use the following procedure to 
measure diurnal emissions: 

(1) Diurnal measurements are based 
on representative temperature cycles, 
as follows: 

(i) Diurnal fuel temperatures for ma-
rine fuel tanks that will be installed in 
nontrailerable boats must undergo re-
peat temperature swings of 2.6 °C be-
tween nominal values of 27.6 and 30.2 
°C. 

(ii) Diurnal fuel temperatures for 
other installed marine fuel tanks must 
undergo repeat temperature swings of 
6.6 °C between nominal values of 25.6 
and 32.2 °C. 

(iii) For fuel tanks installed in equip-
ment other than marine vessels, the 
following table specifies a profile of 
ambient temperatures: 

TABLE 1 TO § 1060.525—DIURNAL TEMPERA-
TURE PROFILES FOR NONMARINE FUEL TANKS 

Time 
(hours) 

Ambient 
temperature 

profile 
( °C) 

0 ..................................................................... 22.2 
1 ..................................................................... 22.5 
2 ..................................................................... 24.2 
3 ..................................................................... 26.8 
4 ..................................................................... 29.6 
5 ..................................................................... 31.9 
6 ..................................................................... 33.9 
7 ..................................................................... 35.1 
8 ..................................................................... 35.4 
9 ..................................................................... 35.6 
10 ................................................................... 35.3 
11 ................................................................... 34.5 
12 ................................................................... 33.2 
13 ................................................................... 31.4 
14 ................................................................... 29.7 
15 ................................................................... 28.2 
16 ................................................................... 27.2 
17 ................................................................... 26.1 
18 ................................................................... 25.1 
19 ................................................................... 24.3 
20 ................................................................... 23.7 
21 ................................................................... 23.3 
22 ................................................................... 22.9 
23 ................................................................... 22.6 
24 ................................................................... 22.2 

(2) Fill the fuel tank to 40 percent of 
nominal capacity with the gasoline 
specified in 40 CFR 1065.710 for general 
testing. 

(3) Install a vapor line from any vent 
ports that would not be sealed in the 
final in-use configuration. Use a length 
of vapor line representing the largest 
inside diameter and shortest length 
that would be expected with the range 
of in-use installations for the emission 
family. 

(4) If the fuel tank is equipped with a 
carbon canister, load the canister with 
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butane or gasoline vapors to its can-
ister working capacity as specified in 
§ 1060.240(e)(2)(i) and attach it to the 
fuel tank in a way that represents a 
typical in-use configuration. Purge the 
canister as follows to prepare for emis-
sion measurement: 

(i) For marine fuel tanks, perform a 
single heating and cooling cycle as 
specified in paragraph (a)(7) of this sec-
tion without measuring emissions. 

(ii) For nonmarine fuel tanks, estab-
lish a characteristic purge volume by 
running an engine with the fuel tank 
installed to represent an in-use con-
figuration. Measure the volume of air 
flowing through the canister while the 
engine operates for 30 minutes over re-
peat cycles of the appropriate duty 
cycle used for certifying the engine for 
exhaust emissions. Set up the loaded 
canister for testing by purging it with 
the characteristic purge volume from 
the engine simulation run. 

(5) Stabilize the fuel tank to be with-
in 2.0 °C of the nominal starting tem-
perature specified in paragraph (a)(1) of 
this section. In the case of marine fuel 
tanks, install a thermocouple meeting 
the requirements of 40 CFR 86.107–96(e) 
in the approximate mid-volume of fuel 
and record the temperature at the end 
of the stabilization period to the near-
est 0.1 °C. For sealed fuel systems, re-
place the fuel cap once the fuel reaches 
equilibrium at the appropriate starting 
temperature. 

(6) Prepare the tank for mass meas-
urement using one of the following pro-
cedures: 

(i) Place the stabilized fuel tank in a 
SHED meeting the specifications of 40 
CFR 86.107–96(a)(1) that is equipped 
with a FID analyzer meeting the speci-
fications of 40 CFR 1065.260. Take the 
following steps in sequence: 

(A) Purge the SHED. 
(B) Close and seal the SHED. 
(C) Zero and span the FID analyzer. 
(D) Within ten minutes of sealing the 

SHED, measure the initial hydrocarbon 
concentration. This is the start of the 
sampling period. 

(ii) If your testing configuration in-
volves mass emissions at the standard 
of 2.0 grams or more, you may alter-
natively place the stabilized fuel tank 
in any temperature-controlled environ-
ment and establish mass emissions as a 

weight loss relative to a reference fuel 
tank using the procedure specified in 
§ 1060.520(d) instead of calculating it 
from changing hydrocarbon concentra-
tions in the SHED. 

(7) Control temperatures as follows: 
(i) For marine fuel tanks, supply heat 

to the fuel tank for continuously in-
creasing temperatures such that the 
fuel reaches the maximum temperature 
in 8 hours. Set the target temperature 
by adding the temperature swing speci-
fied in paragraph (a)(1) of this section 
to the recorded starting temperature. 
Hold the tank for approximately 60 
minutes at a temperature no less than 
0.1 °C below the target temperature. 
For example, if the recorded starting 
fuel temperature for a fuel tank that 
will be installed in a nontrailerable 
vessel is 27.1 °C, the target temperature 
is 29.7 °C and the fuel must be sta-
bilized for 60 minutes with fuel tem-
peratures not falling below 29.6 °C. For 
EPA testing, fuel temperatures may 
not go 1.0 °C above the target tempera-
ture at any point during the heating or 
stabilization sequence. Measure the hy-
drocarbon concentration in the SHED 
at the end of the high-temperature sta-
bilization period. Calculate the diurnal 
emissions for this heating period based 
on the change in hydrocarbon con-
centration over this sampling period. 
Allow the fuel temperature to cool suf-
ficiently to stabilize again at the start-
ing temperature without emission sam-
pling. Repeat the heating and measure-
ment sequence for three consecutive 
days, starting each heating cycle no 
more than 26 hours after the previous 
start. 

(ii) For nonmarine fuel tanks, follow 
the air temperature trace from para-
graph (a)(1)(iii) of this section for three 
consecutive 24-hour periods. Measured 
temperatures must follow the profile 
with a maximum deviation of 1.7 °C for 
any hourly measurement and an aver-
age temperature deviation not to ex-
ceed 1.0 °C, where the average deviation 
is calculated using the absolute value 
of each measured deviation. Start 
measuring emissions when you start 
the temperature profile. The end of the 
first, second, and third emission sam-
pling periods must occur 1440±6, 2880±6, 
and 4320±6 minutes, respectively, after 
starting the measurement procedure. 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00043 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



34 

40 CFR Ch. I (7–1–18 Edition) § 1060.601 

(8) Use the highest of the three emis-
sion levels to determine whether your 
fuel tank meets the diurnal emission 
standard. 

(9) For emission control technologies 
that rely on a sealed fuel system, you 
may omit the preconditioning steps in 
paragraph (a)(4) of this section and the 
last two 24-hour periods of emission 
measurements in paragraph (a)(7) of 
this section. For purposes of this para-
graph (a), sealed fuel systems include 
those that rely on pressure-relief 
valves, limiting flow orifices, bladder 
fuel tanks, and volume-compensating 
air bags. 

(b) You may subtract your fuel 
tank’s permeation emissions from the 
measured diurnal emissions if the fuel 
tank is preconditioned with diurnal 
test fuel as described in § 1060.520(b) or 
if you use good engineering judgment 
to otherwise establish that the fuel 
tank has stabilized permeation emis-
sions. Measure permeation emissions 
for subtraction as specified in 
§ 1060.520(c) and (d) before measuring di-
urnal emissions, except that the per-
meation measurement must be done 
with diurnal test fuel at 28±2 °C. Use 
appropriate units and corrections to 
subtract the permeation emissions 
from the fuel tank during the diurnal 
emission test. You may not subtract a 
greater mass of emissions under this 
paragraph (b) than the fuel tank would 
emit based on meeting the applicable 
emission standard for permeation. 

[80 FR 9117, Feb. 19, 2015] 

Subpart G—Special Compliance 
Provisions 

§ 1060.601 How do the prohibitions of 
40 CFR 1068.101 apply with respect 
to the requirements of this part? 

(a) As described in § 1060.1, fuel tanks 
and fuel lines that are used with or in-
tended to be used with new nonroad en-
gines or equipment are subject to evap-
orative emission standards under this 
part 1060. This includes portable ma-
rine fuel tanks and fuel lines and other 
fuel-system components associated 
with portable marine fuel tanks. Note 
that § 1060.1 specifies an implementa-
tion schedule based on the date of man-
ufacture of nonroad equipment, so new 
fuel tanks and fuel lines are not sub-

ject to standards under this part 1060 if 
they will be installed for use in equip-
ment built before the specified dates 
for implementing the appropriate 
standards, subject to the limitations in 
paragraph (b) of this section. Except as 
specified in paragraph (f) of this sec-
tion, fuel-system components that are 
subject to permeation or diurnal emis-
sion standards under this part 1060 
must be covered by a valid certificate 
of conformity before being introduced 
into U.S. commerce to avoid violating 
the prohibition of 40 CFR 1068.101(a). 
To the extent we allow it under the ex-
haust standard-setting part, fuel-sys-
tem components may be certified with 
a family emission limit higher than 
the specified emission standard. The 
provisions of this paragraph (a) do not 
apply to fuel caps. 

(b) New replacement fuel tanks and 
fuel lines must meet the requirements 
of this part 1060 if they are intended to 
be used with nonroad engines or equip-
ment regulated under this part 1060, as 
follows: 

(1) Applicability of standards between 
January 1, 2012 and December 31, 2019. 
Manufacturers, distributors, retailers, 
and importers must clearly state on 
the packaging for all replacement com-
ponents that could reasonably be used 
with nonroad engines how such compo-
nents may be used consistent with the 
prohibition in paragraph (a) of this sec-
tion. It is presumed that such compo-
nents are intended for use with 
nonroad engines regulated under this 
part 1060 unless the components, or the 
packaging for such components, clear-
ly identify appropriate restrictions. 
This requirement does not apply for 
components that are clearly not in-
tended for use with fuels. 

(2) Applicability of standards after Jan-
uary 1, 2020. Starting January 1, 2020 it 
is presumed that replacement compo-
nents will be used with nonroad en-
gines regulated under this part 1060 if 
they can reasonably be used with such 
engines. Manufacturers, distributors, 
retailers, and importers are therefore 
obligated to take reasonable steps to 
ensure that any uncertified compo-
nents are not used to replace certified 
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components. This would require label-
ing the components and may also re-
quire restricting the sales and requir-
ing the ultimate purchaser to agree to 
not use the components inappropri-
ately. This requirement does not apply 
for components that are clearly not in-
tended for use with fuels. 

(3) Applicability of the tampering prohi-
bition. If a fuel tank or fuel line need-
ing replacement was certified to meet 
the emission standards in this part 
with a family emission limit below the 
otherwise applicable standard, the new 
replacement fuel tank or fuel line must 
be certified to current emission stand-
ards, but need not be certified with the 
same or lower family emission limit to 
avoid violating the tampering prohibi-
tion in 40 CFR 1068.101(b)(1). 

(c) [Reserved] 
(d) Manufacturers that generate or 

use evaporative emission credits re-
lated to Marine SI engines in 40 CFR 
part 1045 or Small SI engines in 40 CFR 
part 1054 are subject to the emission 
standards for which they are gener-
ating or using evaporative emission 
credits. These engines or equipment 
must therefore be covered by a valid 
certificate of conformity showing com-
pliance with emission-credit provisions 
before being introduced into U.S. com-
merce to avoid violating the prohibi-
tion of 40 CFR 1068.101(a). 

(e) If there is no valid certificate of 
conformity for any given evaporative 
emission standard for new equipment, 
the manufacturers of the engine, equip-
ment and fuel-system components are 
each liable for violations of the prohib-
ited acts with respect to the fuel sys-
tems and fuel-system components they 
have introduced into U.S. commerce, 
including fuel systems and fuel-system 
components installed in engines or 
equipment at the time the engines or 
equipment are introduced into U.S. 
commerce. 

(f) If you manufacture fuel lines or 
fuel tanks that are subject to the re-
quirements of this part as described in 
paragraph (a) of this section, 40 CFR 
1068.101(a) does not prohibit you from 
shipping your products directly to an 
equipment manufacturer or another 
manufacturer from which you have re-
ceived a written commitment to be re-
sponsible for certifying the compo-

nents as required under this part 1060. 
This includes SHED-based certification 
of Small SI equipment as described in 
§ 1060.105. If you ship fuel lines or fuel 
tanks under this paragraph (f), you 
must include documentation that ac-
companies the shipped products identi-
fying the name and address of the com-
pany receiving shipment and stating 
that the fuel lines or fuel tanks are ex-
empt under the provisions of 40 CFR 
1060.601(f). 

(g) If new evaporative emission 
standards apply in a given model year, 
your equipment in that model year 
must have fuel-system components 
that are certified to the new standards, 
except that you may continue to use 
up your normal inventory of earlier 
fuel-system components that were 
built before the date of the new or 
changed standards. For example, if 
your normal inventory practice is to 
keep on hand a one-month supply of 
fuel tanks based on your upcoming pro-
duction schedules, and a new tier of 
standards starts to apply for the 2012 
model year, you may order fuel tanks 
based on your normal inventory re-
quirements late in the fuel tank manu-
facturer’s 2011 model year and install 
those fuel tanks in your equipment, re-
gardless of the date of installation. 
Also, if your model year starts before 
the end of the calendar year preceding 
new standards, you may use fuel-sys-
tem components from the previous 
model year (or uncertified components 
if no standards were in place) for those 
units you produce before January 1 of 
the year that new standards apply. If 
emission standards do not change in a 
given model year, you may continue to 
install fuel-system components from 
the previous model year without re-
striction. You may not circumvent the 
provisions of 40 CFR 1068.101(a)(1) by 
stockpiling fuel-system components 
that were built before new or changed 
standards take effect. 

(h) If equipment manufacturers hold 
certificates of conformity for their 
equipment but they use only fuel-sys-
tem components that have been cer-
tified by other companies, they may 
satisfy their defect-reporting obliga-
tions by tracking the information de-
scribed in 40 CFR 1068.501(b)(1) related 
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to possible defects, reporting this infor-
mation to the appropriate component 
manufacturers, and keeping these 
records for eight years. Such equip-
ment manufacturers will not be consid-
ered in violation of 40 CFR 1068.101(b)(6) 
for failing to perform investigations, 
make calculations, or submit reports 
to EPA as specified in 40 CFR 1068.501. 
See § 1060.5(a). 

[73 FR 59298, Oct. 8, 2008, as amended at 75 FR 
23027, Apr. 30, 2010] 

§ 1060.605 Exemptions from evapo-
rative emission standards. 

(a) Except as specified in the exhaust 
standard-setting part and paragraph (b) 
of this section, equipment using an en-
gine that is exempt from exhaust emis-
sion standards under the provisions in 
40 CFR part 1068, subpart C or D, is also 
exempt from the requirements of this 
part 1060. For example, engines or 
equipment exempted from exhaust 
emission standards for purposes of na-
tional security do not need to meet 
evaporative emission standards. Also, 
any engine that is exempt from emis-
sion standards because it will be used 
solely for competition does not need to 
meet evaporative emission standards. 
Equipment that is exempt from all ex-
haust emission standards under the 
standard-setting part are also exempt 
from the requirements of this part 1060; 
however, this does not apply for en-
gines that must meet a less stringent 
exhaust emission standard as a condi-
tion of the exemption. 

(b) Engines produced under the re-
placement-engine exemption in 40 CFR 
1068.240 must use fuel-system compo-
nents that meet the evaporative emis-
sion standards based on the model year 
of the engine being replaced subject to 
the provisions of 40 CFR 1068.265. If no 
evaporative emission standards applied 
at that time, no requirements related 
to evaporative emissions apply to the 
new engine. Installing a replacement 
engine does not change the applica-
bility of requirements for the equip-
ment into which the replacement en-
gine is installed. 

(c) Engines or equipment that are 
temporarily exempt from EPA exhaust 
emission standards are also exempt 
from the requirements of this part 1060 

for the same period as the exhaust ex-
emption. 

(d) For equipment powered by more 
than one engine, all the engines in-
stalled in the equipment must be ex-
empt from all applicable EPA exhaust 
emission standards for the equipment 
to also be exempt under paragraph (a) 
or (b) of this section. 

(e) In unusual circumstances, we may 
exempt components or equipment from 
the requirements of this part 1060 even 
if the equipment is powered by one or 
more engines that are subject to EPA 
exhaust emission standards. See 40 
CFR part 1068. Such exemptions will be 
limited to: 

(1) Testing. See 40 CFR 1068.210. 
(2) National security. See 40 CFR 

1068.225. 
(3) Economic hardship. See 40 CFR 

1068.245 and 1068.250. 
(f) Evaporative emission standards 

generally apply based on the model 
year of the equipment, which is deter-
mined by the equipment’s date of final 
assembly. However, in the first year of 
new emission standards, equipment 
manufacturers may apply evaporative 
emission standards based on the model 
year of the engine as shown on the en-
gine’s emission control information 
label. For example, for fuel tank per-
meation standards starting in 2012, 
equipment manufacturers may order a 
batch of 2011 model year engines for in-
stallation in 2012 model year equip-
ment, subject to the anti-stockpiling 
provisions of 40 CFR 1068.105(a). The 
equipment with the 2011 model year en-
gines would not need to meet fuel tank 
permeation standards as long as the 
equipment is fully assembled by De-
cember 31, 2012. 

§ 1060.640 What special provisions 
apply to branded equipment? 

The following provisions apply if you 
identify the name and trademark of an-
other company instead of your own on 
your emission control information 
label for equipment, as provided by 
§§ 1060.135 and 1060.137: 

(a) You must have a contractual 
agreement with the other company 
that obligates that company to take 
the following steps: 

(1) Meet the emission warranty re-
quirements that apply under § 1060.120. 
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This may involve a separate agreement 
involving reimbursement of warranty- 
related expenses. 

(2) Report all warranty-related infor-
mation to the certificate holder. 

(b) In your application for certifi-
cation, identify the company whose 
trademark you will use and describe 
the arrangements you have made to 
meet your requirements under this sec-
tion. 

(c) You remain responsible for meet-
ing all the requirements of this chap-
ter, including warranty and defect-re-
porting provisions. 

Subpart H—Averaging, Banking, 
and Trading Provisions 

§ 1060.701 Applicability. 
(a) You are allowed to comply with 

the emission standards in this part 
with evaporative emission credits only 
if the exhaust standard-setting part ex-
plicitly allows it for evaporative emis-
sions. 

(b) The following exhaust standard- 
setting parts allow some use of evapo-
rative emission credits: 

(1) 40 CFR part 1045 for marine ves-
sels. 

(2) 40 CFR part 1051 for recreational 
vehicles. 

(3) 40 CFR part 1054 for Small SI 
equipment. 

(c) As specified in 40 CFR part 1048, 
there is no allowance to generate or 
use emission credits with Large SI 
equipment. 

§ 1060.705 How do I certify compo-
nents to an emission level other 
than the standard under this part 
or use such components in my 
equipment? 

As specified in this section, a fuel- 
system component may be certified to 
a family emission limit (FEL) instead 
of the otherwise applicable emission 
standard. Note that the exhaust stand-
ard-setting part may apply maximum 
values for an FEL (i.e., FEL caps). 

(a) Requirements for certifying compo-
nent manufacturers. See subpart C of 
this part for instructions regarding the 
general requirements for certifying 
components. 

(1) When you submit your application 
for certification, indicate the FEL to 

which your components will be cer-
tified. This FEL will serve as the appli-
cable standard for your component, 
and the equipment that uses the com-
ponent. For example, when the regula-
tions of this part use the phrase ‘‘dem-
onstrate compliance with the applica-
ble emission standard’’ it will mean 
‘‘demonstrate compliance with the 
FEL’’ for your component. 

(2) You may not change the FEL for 
an emission family. To specify a dif-
ferent FEL for your components, you 
must send a new application for certifi-
cation for a new emission family. 

(3) Unless your FEL is below all 
emission standards that could poten-
tially apply, you must ensure that all 
equipment manufacturers that will use 
your component are aware of the limi-
tations regarding the conditions under 
which they may use your component. 

(4) It is your responsibility to read 
the instructions relative to emission- 
credit provisions in the standard-set-
ting parts identified in § 1060.1. 

(b) Requirements for equipment manu-
facturers. See subpart C of this part for 
instructions regarding your ability to 
rely on the component manufacturer’s 
certificate. 

(1) The FEL of the component will 
serve as the applicable standard for 
your equipment. 

(2) You may not specify more than 
one FEL for an emission family at one 
time; however, you may change the 
FEL during the model year as de-
scribed in § 1060.225(f). 

(3) If the FEL is above the emission 
standard you must ensure that the ex-
haust standard-setting part allows you 
to use evaporative emission credits to 
comply with emission standards and 
that you will have an adequate source 
of evaporative emission credits. You 
must certify your equipment as speci-
fied in § 1060.201 and the rest of subpart 
C of this part. 

Subpart I—Definitions and Other 
Reference Information 

§ 1060.801 What definitions apply to 
this part? 

The following definitions apply to 
this part. The definitions apply to all 
subparts unless we note otherwise. All 
undefined terms have the meaning the 
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Clean Air Act gives to them. The defi-
nitions follow: 

Accuracy and precision means the sum 
of accuracy and repeatability, as de-
fined in 40 CFR 1065.1001. For example, 
if a measurement device is determined 
to have an accuracy of ±1% and a re-
peatability of ±2%, then its accuracy 
and precision would be ±3%. 

Adjustable parameter means any de-
vice, system, or element of design that 
someone can adjust and that, if ad-
justed, may affect emissions. You may 
ask us to exclude a parameter if you 
show us that it will not be adjusted in 
use in a way that affects emissions. 

Applicable emission standard or appli-
cable standard means an emission 
standard to which a fuel-system com-
ponent is subject. Additionally, if a 
fuel-system component has been or is 
being certified to another standard or 
FEL, applicable emission standard means 
the FEL or other standard to which the 
fuel-system component has been or is 
being certified. This definition does not 
apply to subpart H of this part. 

Canister working capacity means the 
measured amount of hydrocarbon 
vapor that can be stored in a canister 
as specified in § 1060.240(e)(2)(i). 

Carbon working capacity means the 
measured amount of hydrocarbon 
vapor that can be stored in a given vol-
ume of carbon when tested according 
to ASTM D5228 (incorporated by ref-
erence in § 1060.810). See 
§ 1060.240(e)(2)(ii). 

Certification means relating to the 
process of obtaining a certificate of 
conformity for an emission family that 
complies with the emission standards 
and requirements in this part. 

Certified emission level means the 
highest official emission result in an 
emission family. 

Clean Air Act means the Clean Air 
Act, as amended, 42 U.S.C. 7401–7671q. 

Cold-weather equipment is limited to 
the following types of handheld equip-
ment: Chainsaws, cut-off saws, clearing 
saws, brush cutters with engines at or 
above 40cc, commercial earth and wood 
drills, and ice augers. This includes 
earth augers if they are also marketed 
as ice augers. 

Configuration means a unique com-
bination of hardware (material, geom-
etry, and size) and calibration within 

an emission family. Units within a sin-
gle configuration differ only with re-
spect to normal production variability. 

Date of manufacture, means one of the 
following with respect to equipment: 

(1) For outboard engines with under- 
cowl fuel tanks and for vessels 
equipped with outboard engines and in-
stalled fuel tanks, date of manufacture 
means the date on which the fuel tank 
is installed. 

(2) For all other equipment, date of 
manufacture has the meaning given in 
40 CFR 1068.30. 

Days means calendar days unless oth-
erwise specified. For example, when we 
specify working days we mean calendar 
days, excluding weekends and U.S. na-
tional holidays. 

Designated Compliance Officer means 
the Manager, Heavy-Duty and Nonroad 
Engine Group (6405-J), U.S. Environ-
mental Protection Agency, 1200 Penn-
sylvania Ave., NW., Washington, DC 
20460. 

Detachable fuel line means a fuel line 
or fuel line assembly intended to be 
used with a portable nonroad fuel tank 
and which is connected by special fit-
tings to the fuel tank and/or engine for 
easy disassembly. Fuel lines that re-
quire a wrench or other tools to dis-
connect are not considered detachable 
fuel lines. Fuel lines that are labeled or 
marketed as USCG Type B1 fuel line as 
specified in 33 CFR 183.540 are not con-
sidered detachable fuel lines if they are 
sold to the ultimate purchaser without 
quick-connect fittings or similar hard-
ware. 

Diurnal emissions means evaporative 
emissions that occur as a result of 
venting fuel tank vapors during daily 
temperature changes while the engine 
is not operating. 

Effective length-to-diameter ratio 
means the mean vapor path length of a 
carbon canister divided by the effective 
diameter of that vapor path. The effec-
tive diameter is the diameter of a cir-
cle with the same cross-sectional area 
as the average cross-sectional area of 
the carbon canister’s vapor path. 

Emission control system means any de-
vice, system, or element of design that 
controls or reduces the regulated evap-
orative emissions from a piece of 
nonroad equipment. 
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Emission-data unit means a fuel line, 
fuel tank, fuel system, or fuel-system 
component that is tested for certifi-
cation. This includes components test-
ed by EPA. 

Emission family has the meaning 
given in § 1060.230. 

Emission-related maintenance means 
maintenance that substantially affects 
emissions or is likely to substantially 
affect emission deterioration. 

Equipment means vehicles, marine 
vessels, and other types of nonroad 
equipment that are subject to this 
part’s requirements. 

Evaporative means relating to fuel 
emissions that result from permeation 
of fuel through the fuel-system mate-
rials or from ventilation of the fuel 
system. 

Exhaust standard-setting part means 
the part in the Code of Federal Regula-
tions that contains exhaust emission 
standards for a particular piece of 
equipment (or the engine in that piece 
of equipment). For example, the ex-
haust standard-setting part for off- 
highway motorcycles is 40 CFR part 
1051. Exhaust standard-setting parts 
may include evaporative emission re-
quirements or describe how the re-
quirements of this part 1060 apply. 

Exposed gasket surface area means the 
surface area of the gasket inside the 
fuel tank that is exposed to fuel or fuel 
vapor. For the purposes of calculating 
exposed surface area of a gasket, the 
thickness of the gasket and the outside 
dimension of the opening being sealed 
are used. Gasket overhang into the fuel 
tank should be ignored for the purpose 
of this calculation. 

Family emission limit (FEL) means an 
emission level declared by the manu-
facturer to serve in place of an other-
wise applicable emission standard 
under an ABT program specified by the 
exhaust standard-setting part. The 
family emission limit must be ex-
pressed to the same number of decimal 
places as the emission standard it re-
places. The family emission limit 
serves as the emission standard for the 
emission family with respect to all re-
quired testing. 

Fuel CE10 has the meaning given in 
§ 1060.515(a). 

Fuel line means hoses or tubing de-
signed to contain liquid fuel. The ex-

haust standard-setting part may fur-
ther specify which types of hoses and 
tubing are subject to the standards of 
this part. 

Fuel system means all components in-
volved in transporting, metering, and 
mixing the fuel from the fuel tank to 
the combustion chamber(s), including 
the fuel tank, fuel tank cap, fuel pump, 
fuel filters, fuel lines, carburetor or 
fuel-injection components, and all fuel- 
system vents. In the case where the 
fuel tank cap or other components (ex-
cluding fuel lines) are directly mount-
ed on the fuel tank, they are consid-
ered to be a part of the fuel tank. 

Fuel type means a general category of 
fuels such as gasoline or natural gas. 
There can be multiple grades within a 
single fuel type, such as premium gaso-
line, regular gasoline, or gasoline with 
10 percent ethanol. 

Gasoline means one of the following: 
(1) For in-use fuels, gasoline means 

fuel that is commonly and commer-
cially know as gasoline, including eth-
anol blends. 

(2) For testing, gasoline has the 
meaning given in subpart F of this 
part. 

Good engineering judgment means 
judgments made consistent with gen-
erally accepted scientific and engineer-
ing principles and all available rel-
evant information. See 40 CFR 1068.5 
for the administrative process we use 
to evaluate good engineering judg-
ment. 

High-permeability material means any 
nonmetal material that does not qual-
ify as low-permeability material. 

Installed marine fuel line means a fuel 
line designed for delivering fuel to a 
Marine SI engine that does not meet 
the definition of portable marine fuel 
line. 

Installed marine fuel tank means a fuel 
tank designed for delivering fuel to a 
Marine SI engine that does not meet 
the definition of portable marine fuel 
tanks. 

Large SI means relating to engines 
that are subject to evaporative emis-
sion standards in 40 CFR part 1048. 

Low-permeability material means, for 
gaskets, a material with permeation 
emission rates at or below 10 (g-mm)/ 
m2/day when measured according to 
SAE J2659 (incorporated by reference 
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in § 1060.810), where the test tempera-
ture is 23 °C, the test fuel is Fuel CE10, 
and testing immediately follows a four- 
week preconditioning soak with the 
test fuel. 

Manufacture means the physical and 
engineering process of designing, con-
structing, and assembling an engine, 
piece of nonroad equipment, or fuel- 
system components subject to the re-
quirements of this part. 

Manufacturer has the meaning given 
in section 216(1) of the Clean Air Act 
(42 U.S.C. 7550(1)). In general, this term 
includes: 

(1) Any person who manufactures an 
engine or piece of nonroad equipment 
for sale in the United States or other-
wise introduces a new nonroad engine 
or a piece of new nonroad equipment 
into U.S. commerce. 

(2) Any person who manufactures a 
fuel-system component for an engine 
subject to the requirements of this part 
as described in § 1060.1(a). 

(3) Importers who import such prod-
ucts into the United States. 

Marine SI means relating to vessels 
powered by engines that are subject to 
exhaust emission standards in 40 CFR 
part 1045. 

Marine vessel has the meaning given 
in 40 CFR § 1045.801, which generally in-
cludes all nonroad equipment used as a 
means of transportation on water. 

Model year means one of the fol-
lowing things: 

(1) For equipment defined as ‘‘new 
nonroad equipment’’ under paragraph 
(1) of the definition of ‘‘new nonroad 
engine,’’ model year means one of the 
following: 

(i) Calendar year. 
(ii) Your annual new model produc-

tion period if it is different than the 
calendar year. This must include Janu-
ary 1 of the calendar year for which the 
model year is named. It may not begin 
before January 2 of the previous cal-
endar year and it must end by Decem-
ber 31 of the named calendar year. 

(2) For other equipment defined as 
‘‘new nonroad equipment’’ under para-
graph (2) of the definition of ‘‘new 
nonroad engine,’’ model year has the 
meaning given in the exhaust standard- 
setting part. 

(3) For other equipment defined as 
‘‘new nonroad equipment’’ under para-

graph (3) or paragraph (4) of the defini-
tion of ‘‘new nonroad engine,’’ model 
year means the model year of the en-
gine as defined in the exhaust stand-
ard-setting part. 

New nonroad equipment means equip-
ment meeting one or more of the fol-
lowing criteria: 

(1) Nonroad equipment for which the 
ultimate purchaser has never received 
the equitable or legal title. The equip-
ment is no longer new when the ulti-
mate purchaser receives this title or 
the product is placed into service, 
whichever comes first. 

(2) Nonroad equipment that is defined 
as new under the exhaust standard-set-
ting part. (Note: equipment that is not 
defined as new under the exhaust 
standard-setting part may be defined 
as new under this definition of ‘‘new 
nonroad equipment.’’) 

(3) Nonroad equipment with an en-
gine that becomes new (as defined in 
the exhaust standard-setting part) 
while installed in the equipment. The 
equipment is no longer new when it is 
subsequently placed into service. This 
paragraph (3) does not apply if the en-
gine becomes new before being in-
stalled in the equipment. 

(4) Nonroad equipment not covered 
by a certificate of conformity issued 
under this part at the time of importa-
tion and manufactured after the re-
quirements of this part start to apply 
(see § 1060.1). The equipment is no 
longer new when it is subsequently 
placed into service. Importation of this 
kind of new nonroad equipment is gen-
erally prohibited by 40 CFR part 1068. 

Nominal capacity means a fuel tank’s 
volume as specified by the fuel tank 
manufacturer, using at least two sig-
nificant figures, based on the max-
imum volume of fuel the tank can hold 
with standard refueling techniques. 

Nonroad engine has the meaning we 
give in 40 CFR 1068.30. In general this 
means all internal-combustion engines 
except motor vehicle engines, sta-
tionary engines, engines used solely for 
competition, or engines used in air-
craft. This part does not apply to all 
nonroad engines (see § 1060.1). 

Nonroad equipment means a piece of 
equipment that is powered by or in-
tended to be powered by one or more 
nonroad engines. Note that §§ 1060.5 and 
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1060.601 describes how we treat out-
board engines, portable marine fuel 
tanks, and associated fuel-system com-
ponents as nonroad equipment under 
this part 1060. 

Nontrailerable boat means a vessel 
whose length is 26.0 feet or more, or 
whose width is more than 8.5 feet. 

Official emission result means the 
measured emission rate for an emis-
sion-data unit. 

Placed into service means put into ini-
tial use for its intended purpose. 

Portable marine fuel line means a de-
tachable fuel line that is used or in-
tended to be used to supply fuel to a 
marine engine during operation. This 
also includes any fuel line labeled or 
marketed at USCG Type B1 fuel line as 
specified in 33 CFR 183.540, whether or 
not it includes detachable connecting 
hardware; this is often called universal 
fuel line. 

Portable marine fuel tank means a 
portable fuel tank that is used or in-
tended to be used to supply fuel to a 
marine engine during operation. 

Portable nonroad fuel tank means a 
fuel tank that meets each of the fol-
lowing criteria: 

(1) It has design features indicative of 
use in portable applications, such as a 
carrying handle and fuel line fitting 
that can be readily attached to and de-
tached from a nonroad engine. 

(2) It has a nominal fuel capacity of 
12 gallons or less. 

(3) It is designed to supply fuel to an 
engine while the engine is operating. 

(4) It is not used or intended to be 
used to supply fuel to a marine engine. 

Production period means the period in 
which a component or piece of equip-
ment will be produced under a certifi-
cate of conformity. A given production 
period for an emission family may not 
include components certified using dif-
ferent test data. A production period 
may not exceed five years for certified 
components. Note that the definition 
of model year includes specifications 
related to production periods for which 
a certificate is valid for equipment. 

Recreational vehicle means vehicles 
that are subject to evaporative emis-
sion standards in 40 CFR part 1051. This 
generally includes engines that will be 
installed in recreational vehicles if the 

engines are certified separately under 
40 CFR 1051.20. 

Relating to as used in this section 
means relating to something in a spe-
cific, direct manner. This expression is 
used in this section only to define 
terms as adjectives and not to broaden 
the meaning of the terms. 

Revoke has the meaning given in 40 
CFR 1068.30. If we revoke a certificate 
or an exemption, you must apply for a 
new certificate or exemption before 
continuing to introduce the affected 
equipment into U.S. commerce. 

Round means to round numbers ac-
cording to standard procedures as spec-
ified in 40 CFR 1065.1001. 

Running loss emissions means un-
burned fuel vapor that escapes from 
the fuel system to the ambient atmos-
phere while the engine is operating, ex-
cluding permeation emissions and diur-
nal emissions. Running loss emissions 
generally result from fuel-temperature 
increases caused by heat released from 
in-tank fuel pumps, fuel recirculation, 
or proximity to heat sources such as 
the engine or exhaust components. 

Sealed means lacking openings to the 
atmosphere that would allow a measur-
able amount of liquid or vapor to leak 
out under normal operating pressures 
or other pressures specified in this 
part. For example, you may generally 
establish a maximum value for oper-
ating pressures based on the highest 
pressure you would observe from an in-
stalled fuel tank during continuous 
equipment operation on a sunny day 
with ambient temperatures of 35 °C. A 
fuel system may be considered to have 
no measurable leak if it does not re-
lease bubbles when held underwater at 
the identified tank pressure for 60 sec-
onds. This determination presumes the 
use of good engineering judgment; for 
example, it would not be appropriate to 
test the fuel tank such that small 
leaks would avoid detection by col-
lecting in a cavity created by holding 
the tank with a certain orientation. 
Sealed fuel systems may have openings 
for emission controls or for fuel lines 
needed to route fuel to the engine. 

Small SI means relating to engines 
that are subject to emission standards 
in 40 CFR part 90 or 1054. 
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Structurally integrated nylon fuel tank 
means a fuel tank having all the fol-
lowing characteristics: 

(1) The fuel tank is made of a poly-
amide material that does not contain 
more than 50 percent by weight of a re-
inforcing glass fiber or mineral filler 
and does not contain more than 10 per-
cent by weight of impact modified 
polyamides that use rubberized agents 
such as EPDM rubber. 

(2) The fuel tank must be used in a 
cut-off saw or chainsaw or be inte-
grated into a major structural member 
where, as a single component, the fuel 
tank material is a primary structural/ 
stress member for other major compo-
nents such as the engine, transmission, 
or cutting attachment. 

Subchapter U means 40 CFR parts 1000 
through 1299. 

Suspend has the meaning given in 40 
CFR 1068.30. If we suspend a certificate, 
you may not introduce into U.S. com-
merce equipment from that emission 
family unless we reinstate the certifi-
cate or approve a new one. If we sus-
pend an exemption, you may not intro-
duce into U.S. commerce equipment 
that was previously covered by the ex-
emption unless we reinstate the exemp-
tion. 

Tare means to use a container or 
other reference mass to zero a balance 
before weighing a sample. Generally, 
this means placing the container or 
reference mass on the balance, allow-
ing it to stabilize, then zeroing the bal-
ance without removing the container 
or reference mass. This allows you to 
use the balance to determine the dif-
ference in mass between the sample 
and the container or reference mass. 

Test sample means the collection of 
fuel lines, fuel tanks, or fuel systems 
selected from the population of an 
emission family for emission testing. 
This may include certification testing 
or any kind of confirmatory testing. 

Test unit means a piece of fuel line, a 
fuel tank, or a fuel system in a test 
sample. 

Ultimate purchaser means, with re-
spect to any new nonroad equipment, 
the first person who in good faith pur-
chases such new nonroad equipment for 
purposes other than resale. 

Ultraviolet light means electro-
magnetic radiation with a wavelength 
between 300 and 400 nanometers. 

United States has the meaning given 
in 40 CFR 1068.30. 

U.S.-directed production volume means 
the amount of equipment, subject to 
the requirements of this part, produced 
by a manufacturer for which the manu-
facturer has a reasonable assurance 
that sale was or will be made to ulti-
mate purchasers in the United States. 

Useful life means the period during 
which new nonroad equipment is re-
quired to comply with all applicable 
emission standards. See § 1060.101. 

Void has the meaning given in 40 CFR 
1068.30. In general this means to invali-
date a certificate or an exemption both 
retroactively and prospectively. 

Volatile liquid fuel means any fuel 
other than diesel or biodiesel that is a 
liquid at atmospheric pressure and has 
a Reid Vapor Pressure higher than 2.0 
pounds per square inch. 

We (us, our) means the Administrator 
of the Environmental Protection Agen-
cy and any authorized representatives. 

Wintertime equipment means equip-
ment using a wintertime engine, as de-
fined in 40 CFR 1054.801. Note this defi-
nition applies only for Small SI equip-
ment. 

[73 FR 59298, Oct. 8, 2008, as amended at 75 FR 
23027, Apr. 30, 2010] 

§ 1060.805 What symbols, acronyms, 
and abbreviations does this part 
use? 

The following symbols, acronyms, 
and abbreviations apply to this part: 
° degree. 
ASTM American Society for Testing 

and Materials. 
C Celsius. 
CFR Code of Federal Regulations. 
EPA Environmental Protection Agen-

cy. 
FEL family emission limit. 
g gram. 
gal gallon. 
hr hour. 
in inch. 
kPa kilopascal. 
kW kilowatt. 
L liter. 
m meter. 
min minute. 
mm millimeter. 
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psig pounds per square inch of gauge 
pressure. 

SAE Society of Automotive Engi-
neers. 

SHED Sealed Housing for Evaporative 
Determination. 

U.S. United States. 
U.S.C. United States Code. 
W watt. 

§ 1060.810 What materials does this 
part reference? 

(a) Materials incorporated by reference. 
Certain material is incorporated by 
reference into this part with the ap-
proval of the Director of the Federal 
Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this sec-
tion, a document must be published in 
the FEDERAL REGISTER and the mate-
rial must be available to the public. All 
approved material is available for in-
spection at U.S. EPA, Air and Radi-
ation Docket and Information Center, 
1301 Constitution Ave. NW., Room B102, 
EPA West Building, Washington, DC 
20460, (202) 202–1744, and is available 
from the sources listed below. It is also 
available for inspection at the National 
Archives and Records Administration 
(NARA). For information on the avail-
ability of this material at NARA, call 
202–741–6030, or go to http:// 
www.archives.gov/federallregister/ 
codeloflfederallregulations/ 
ibrllocations.html. 

(b) ASTM International material. The 
following standards are available from 
ASTM International, 100 Barr Harbor 
Drive, P.O. Box C700, West 
Conshohocken, PA, 19428–2959, (610) 832– 
9585, or http://www.astm.org/: 

(1) ASTM D471–06, Standard Test 
Method for Rubber Property—Effect of 
Liquids, approved October 1, 2006 
(‘‘ASTM D471’’), IBR approved for 
§ 1060.515(a). 

(2) ASTM D2862–97 (Reapproved 2004), 
Standard Test Method for Particle Size 
Distribution of Granular Activated 
Carbon, approved April 1, 2004 (‘‘ASTM 
D2862’’), IBR approved for § 1060.240(e). 

(3) ASTM D3802–79 (Reapproved 2005), 
Standard Test Method for Ball-Pan 
Hardness of Activated Carbon, ap-
proved October 1, 2005 (‘‘ASTM D3802’’), 
IBR approved for § 1060.240(e). 

(4) ASTM D4806–07, Standard Speci-
fication for Denatured Fuel Ethanol for 
Blending with Gasolines for Use as 
Automotive Spark-Ignition Engine 
Fuel, approved July 15, 2007 (‘‘ASTM 
D4806’’), IBR approved for § 1060.501(c). 

(5) ASTM D5228–92 (Reapproved 2005), 
Standard Test Method for Determina-
tion of Butane Working Capacity of Ac-
tivated Carbon, approved October 1, 
2005 (‘‘ASTM D5228’’), IBR approved for 
§ 1060.801. 

(c) SAE International material. The fol-
lowing standards are available from 
SAE International, 400 Commonwealth 
Dr., Warrendale, PA 15096–0001, (877) 
606–7323 (U.S. and Canada) or (724) 776– 
4970 (outside the U.S. and Canada), or 
http://www.sae.org: 

(1) SAE J30, Fuel and Oil Hoses, Re-
vised June 1998, IBR approved for 
§ 1060.515(c). 

(2) SAE J1527, Marine Fuel Hoses, Re-
vised February 1993, IBR approved for 
§ 1060.515(c). 

(3) SAE J2260, Nonmetallic Fuel Sys-
tem Tubing with One or More Layers, 
Revised November 2004, IBR approved 
for § 1060.510. 

(4) SAE J2659, Test Method to Meas-
ure Fluid Permeation of Polymeric Ma-
terials by Speciation, Issued December 
2003, IBR approved for § 1060.801. 

(5) SAE J2996, Surface Vehicle Rec-
ommended Practice, Small Diameter 
Fuel Line Permeation Test Procedure, 
Issued January 2013, IBR approved for 
§ 1060.515(d). 

(d) California Air Resources Board. The 
following documents are available from 
the California Air Resources Board, 
1001 I Street, Sacramento, CA, 95812, 
(916) 322–2884, or http://www.arb.ca.gov: 

(1) Final Regulation Order, Article 1, 
Chapter 15, Division 3, Title 13, Cali-
fornia Code of Regulations, July 26, 
2004, IBR approved for § 1060.105(e), and 
1060.240(e). 

(2) [Reserved] 
(e) American Boat and Yacht Council 

Material. The following documents are 
available from the American Boat and 
Yacht Council, 613 Third Street, Suite 
10, Annapolis, MD 21403 or (410) 990–4460 
or http://www.abycinc.org/: 

(1) ABYC H–25, Portable Marine Gas-
oline Fuel Systems, July 2010, IBR ap-
proved for § 1060.105(f). 
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(2) [Reserved] 

[80 FR 9117, Feb. 19, 2015] 

§ 1060.815 What provisions apply to 
confidential information? 

(a) Clearly show what you consider 
confidential by marking, circling, 
bracketing, stamping, or some other 
method. 

(b) We will store your confidential in-
formation as described in 40 CFR part 
2. Also, we will disclose it only as spec-
ified in 40 CFR part 2. This applies both 
to any information you send us and to 
any information we collect from in-
spections, audits, or other site visits. 

(c) If you send us a second copy with-
out the confidential information, we 
will assume it contains nothing con-
fidential whenever we need to release 
information from it. 

(d) If you send us information with-
out claiming it is confidential, we may 
make it available to the public without 
further notice to you, as described in 40 
CFR 2.204. 

§ 1060.820 How do I request a hearing? 

(a) You may request a hearing under 
certain circumstances as described 
elsewhere in this part. To do this, you 
must file a written request, including a 
description of your objection and any 
supporting data, within 30 days after 
we make a decision. 

(b) For a hearing you request under 
the provisions of this part, we will ap-
prove your request if we find that your 
request raises a substantial factual 
issue. 

(c) If we agree to hold a hearing, we 
will use the procedures specified in 40 
CFR part 1068, subpart G. 

§ 1060.825 What reporting and record-
keeping requirements apply under 
this part? 

Under the Paperwork Reduction Act 
(44 U.S.C. 3501 et seq), the Office of Man-
agement and Budget approves the re-
porting and recordkeeping specified in 
the applicable regulations. The fol-
lowing items illustrate the kind of re-
porting and recordkeeping we require 
for products regulated under this part: 

(a) We specify the following require-
ments related to equipment certifi-
cation in this part 1060: 

(1) In 40 CFR 1060.20 we give an over-
view of principles for reporting infor-
mation. 

(2) In 40 CFR part 1060, subpart C, we 
identify a wide range of information 
required to certify engines. 

(3) In 40 CFR 1060.301 we require man-
ufacturers to make engines or equip-
ment available for our testing if we 
make such a request. 

(4) In 40 CFR 1060.505 we specify infor-
mation needs for establishing various 
changes to published test procedures. 

(b) We specify the following require-
ments related to the general compli-
ance provisions in 40 CFR part 1068: 

(1) In 40 CFR 1068.5 we establish a 
process for evaluating good engineer-
ing judgment related to testing and 
certification. 

(2) In 40 CFR 1068.25 we describe gen-
eral provisions related to sending and 
keeping information. 

(3) In 40 CFR 1068.27 we require manu-
facturers to make equipment available 
for our testing or inspection if we 
make such a request. 

(4) In 40 CFR 1068.105 we require 
equipment manufacturers to keep cer-
tain records related to duplicate labels 
from engine manufacturers. 

(5) [Reserved] 
(6) In 40 CFR part 1068, subpart C, we 

identify several reporting and record-
keeping items for making demonstra-
tions and getting approval related to 
various exemptions. 

(7) In 40 CFR part 1068, subpart D, we 
identify several reporting and record-
keeping items for making demonstra-
tions and getting approval related to 
importing equipment. 

(8) In 40 CFR 1068.450 and 1068.455 we 
specify certain records related to test-
ing production-line products in a selec-
tive enforcement audit. 

(9) In 40 CFR 1068.501 we specify cer-
tain records related to investigating 
and reporting emission-related defects. 

(10) In 40 CFR 1068.525 and 1068.530 we 
specify certain records related to re-
calling nonconforming equipment. 
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PART 1065—ENGINE-TESTING 
PROCEDURES 

Subpart A—Applicability and General 
Provisions 

Sec. 
1065.1 Applicability. 
1065.2 Submitting information to EPA 

under this part. 
1065.5 Overview of this part 1065 and its re-

lationship to the standard-setting part. 
1065.10 Other procedures. 
1065.12 Approval of alternate procedures. 
1065.15 Overview of procedures for labora-

tory and field testing. 
1065.20 Units of measure and overview of 

calculations. 
1065.25 Recordkeeping. 

Subpart B—Equipment Specifications 

1065.101 Overview. 
1065.110 Work inputs and outputs, accessory 

work, and operator demand. 
1065.120 Fuel properties and fuel tempera-

ture and pressure. 
1065.122 Engine cooling and lubrication. 
1065.125 Engine intake air. 
1065.127 Exhaust gas recirculation. 
1065.130 Engine exhaust. 
1065.140 Dilution for gaseous and PM con-

stituents. 
1065.145 Gaseous and PM probes, transfer 

lines, and sampling system components. 
1065.150 Continuous sampling. 
1065.170 Batch sampling for gaseous and PM 

constituents. 
1065.190 PM-stabilization and weighing envi-

ronments for gravimetric analysis. 
1065.195 PM-stabilization environment for 

in-situ analyzers. 

Subpart C—Measurement Instruments 

1065.201 Overview and general provisions. 
1065.202 Data updating, recording, and con-

trol. 
1065.205 Performance specifications for 

measurement instruments. 

MEASUREMENT OF ENGINE PARAMETERS AND 
AMBIENT CONDITIONS 

1065.210 Work input and output sensors. 
1065.215 Pressure transducers, temperature 

sensors, and dewpoint sensors. 

FLOW-RELATED MEASUREMENTS 

1065.220 Fuel flow meter. 
1065.225 Intake-air flow meter. 
1065.230 Raw exhaust flow meter. 
1065.240 Dilution air and diluted exhaust 

flow meters. 
1065.245 Sample flow meter for batch sam-

pling. 
1065.247 Diesel exhaust fluid flow rate. 

1065.248 Gas divider. 

CO AND CO2 MEASUREMENTS 

1065.250 Nondispersive infrared analyzer. 

HYDROCARBON MEASUREMENTS 

1065.260 Flame ionization detector. 
1065.265 Nonmethane cutter. 
1065.266 Fourier transform infrared ana-

lyzer. 
1065.267 Gas chromatograph with a flame 

ionization detector. 
1065.269 Photoacoustic analyzer for ethanol 

and methanol. 

NOX AND N2O MEASUREMENTS 

1065.270 Chemiluminescent detector. 
1065.272 Nondispersive ultraviolet analyzer. 
1065.275 N2O measurement devices. 

O2 MEASUREMENTS 

1065.280 Paramagnetic and 
magnetopneumatic O2 detection ana-
lyzers. 

AIR-TO-FUEL RATIO MEASUREMENTS 

1065.284 Zirconia (ZrO2) analyzer. 

PM MEASUREMENTS 

1065.290 PM gravimetric balance. 
1065.295 PM inertial balance for field-test-

ing analysis. 

Subpart D—Calibrations and Verifications 

1065.301 Overview and general provisions. 
1065.303 Summary of required calibration 

and verifications. 
1065.305 Verifications for accuracy, repeat-

ability, and noise. 
1065.307 Linearity verification. 
1065.308 Continuous gas analyzer system-re-

sponse and updating-recording 
verification—for gas analyzers not con-
tinuously compensated for other gas spe-
cies. 

1065.309 Continuous gas analyzer system-re-
sponse and updating-recording 
verification—for gas analyzers continu-
ously compensated for other gas species. 

MEASUREMENT OF ENGINE PARAMETERS AND 
AMBIENT CONDITIONS 

1065.310 Torque calibration. 
1065.315 Pressure, temperature, and dew-

point calibration. 

FLOW-RELATED MEASUREMENTS 

1065.320 Fuel-flow calibration. 
1065.325 Intake-flow calibration. 
1065.330 Exhaust-flow calibration. 
1065.340 Diluted exhaust flow (CVS) calibra-

tion. 
1065.341 CVS, PFD, and batch sampler 

verification (propane check). 
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1065.342 Sample dryer verification. 
1065.345 Vacuum-side leak verification. 

CO AND CO2 MEASUREMENTS 

1065.350 H2O interference verification for 
CO2 NDIR analyzers. 

1065.355 H2O and CO2 interference 
verification for CO NDIR analyzers. 

HYDROCARBON MEASUREMENTS 

1065.360 FID optimization and verification. 
1065.362 Non-stoichiometric raw exhaust 

FID O2 interference verification. 
1065.365 Nonmethane cutter penetration 

fractions. 
1065.366 Interference verification for FTIR 

analyzers. 
1065.369 H2O, CO, and CO2 interference 

verification for photoacoustic alcohol 
analyzers. 

NOX AND N2O MEASUREMENTS 

1065.370 CLD CO2 and H2O quench 
verification. 

1065.372 NDUV analyzer HC and H2O inter-
ference verification. 

1065.375 Interference verification for N2O 
analyzers. 

1065.376 Chiller NO2 penetration. 
1065.378 NO2-to-NO converter conversion 

verification. 

PM MEASUREMENTS 

1065.390 PM balance verifications and 
weighing process verification. 

1065.395 Inertial PM balance verifications. 

Subpart E—Engine Selection, Preparation, 
and Maintenance 

1065.401 Test engine selection. 
1065.405 Test engine preparation and main-

tenance. 
1065.410 Maintenance limits for stabilized 

test engines. 
1065.415 Durability demonstration. 

Subpart F—Performing an Emission Test 
Over Specified Duty Cycles 

1065.501 Overview. 
1065.510 Engine mapping. 
1065.512 Duty cycle generation. 
1065.514 Cycle-validation criteria for oper-

ation over specified duty cycles. 
1065.516 Sample system decontamination 

and preconditioning. 
1065.518 Engine preconditioning. 
1065.520 Pre-test verification procedures and 

pre-test data collection. 
1065.525 Engine starting, restarting, and 

shutdown. 
1065.526 Repeating of void modes or test in-

tervals. 
1065.530 Emission test sequence. 

1065.545 Verification of proportional flow 
control for batch sampling. 

1065.546 Verification of minimum dilution 
ratio for PM batch sampling. 

1065.550 Gas analyzer range verification and 
drift verification. 

1065.590 PM sampling media (e.g., filters) 
preconditioning and tare weighing. 

1065.595 PM sample post-conditioning and 
total weighing. 

Subpart G—Calculations and Data 
Requirements 

1065.601 Overview. 
1065.602 Statistics. 
1065.610 Duty cycle generation. 
1065.630 Local acceleration of gravity. 
1065.640 Flow meter calibration calcula-

tions. 
1065.642 PDP, SSV, and CFV molar flow rate 

calculations. 
1065.644 Vacuum-decay leak rate. 
1065.645 Amount of water in an ideal gas. 
1065.650 Emission calculations. 
1065.655 Chemical balances of fuel, intake 

air, and exhaust. 
1065.659 Removed water correction. 
1065.660 THC, NMHC, NMNEHC, CH4, and 

C2H6 determination. 
1065.665 THCE and NMHCE determination. 
1065.667 Dilution air background emission 

correction. 
1065.670 NOX intake-air humidity and tem-

perature corrections. 
1065.672 Drift correction. 
1065.675 CLD quench verification calcula-

tions. 
1065.680 Adjusting emission levels to ac-

count for infrequently regenerating 
aftertreatment devices. 

1065.690 Buoyancy correction for PM sample 
media. 

1065.695 Data requirements. 

Subpart H—Engine Fluids, Test Fuels, Ana-
lytical Gases and Other Calibration 
Standards 

1065.701 General requirements for test fuels. 
1065.703 Distillate diesel fuel. 
1065.705 Residual and intermediate residual 

fuel. 
1065.710 Gasoline. 
1065.715 Natural gas. 
1065.720 Liquefied petroleum gas. 
1065.725 High-level ethanol-gasoline blends. 
1065.735 Diesel exhaust fluid. 
1065.740 Lubricants. 
1065.745 Coolants. 
1065.750 Analytical gases. 
1065.790 Mass standards. 

Subpart I—Testing with Oxygenated Fuels 

1065.801 Applicability. 
1065.805 Sampling system. 
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1065.845 Response factor determination. 
1065.850 Calculations. 

Subpart J—Field Testing and Portable 
Emission Measurement Systems 

1065.901 Applicability. 
1065.905 General provisions. 
1065.910 PEMS auxiliary equipment for field 

testing. 
1065.915 PEMS instruments. 
1065.920 PEMS calibrations and 

verifications. 
1065.925 PEMS preparation for field testing. 
1065.930 Engine starting, restarting, and 

shutdown. 
1065.935 Emission test sequence for field 

testing. 
1065.940 Emission calculations. 

Subpart K—Definitions and Other 
Reference Information 

1065.1001 Definitions. 
1065.1005 Symbols, abbreviations, acronyms, 

and units of measure. 
1065.1010 Incorporation by reference. 

Subpart L—Methods for Unregulated and 
Special Pollutants 

1065.1101 Applicability. 
1065.1102 Semi-Volatile Organic Compounds 
1065.1103 General provisions for SVOC meas-

urement. 
1065.1105 Sampling system design. 
1065.1107 Sample media and sample system 

preparation; sampler assembly. 
1065.1109 Post-test sampler disassembly and 

sample extraction. 
1065.1111 Sample analysis. 

AUTHORITY: 42 U.S.C. 7401–7671q. 

SOURCE: 70 FR 40516, July 13, 2005, unless 
otherwise noted. 

Subpart A—Applicability and 
General Provisions 

§ 1065.1 Applicability. 
(a) This part describes the procedures 

that apply to testing we require for the 
following engines or for vehicles using 
the following engines: 

(1) Locomotives we regulate under 40 
CFR part 1033. For earlier model years, 
manufacturers may use the test proce-
dures in this part or those specified in 
40 CFR part 92 according to § 1065.10. 

(2) Model year 2010 and later heavy- 
duty highway engines we regulate 
under 40 CFR part 86. For earlier model 
years, manufacturers may use the test 
procedures in this part or those speci-

fied in 40 CFR part 86, subpart N, ac-
cording to § 1065.10. 

(3) Nonroad diesel engines we regu-
late under 40 CFR part 1039 and sta-
tionary compression-ignition engines 
that are certified to the standards in 40 
CFR part 1039, as specified in 40 CFR 
part 60, subpart IIII. For earlier model 
years, manufacturers may use the test 
procedures in this part or those speci-
fied in 40 CFR part 89 according to 
§ 1065.10. 

(4) Marine diesel engines we regulate 
under 40 CFR part 1042 and stationary 
compression-ignition engines that are 
certified to the standards in 40 CFR 
part 1042, as specified in 40 CFR part 60, 
subpart IIII. For earlier model years, 
manufacturers may use the test proce-
dures in this part or those specified in 
40 CFR part 94 according to § 1065.10. 

(5) Marine spark-ignition engines we 
regulate under 40 CFR part 1045. For 
earlier model years, manufacturers 
may use the test procedures in this 
part or those specified in 40 CFR part 
91 according to § 1065.10. 

(6) Large nonroad spark-ignition en-
gines we regulate under 40 CFR part 
1048, and stationary engines that are 
certified to the standards in 40 CFR 
part 1048 or as otherwise specified in 40 
CFR part 60, subpart JJJJ. 

(7) Vehicles we regulate under 40 CFR 
part 1051 (such as snowmobiles and off- 
highway motorcycles) based on engine 
testing. See 40 CFR part 1051, subpart 
F, for standards and procedures that 
are based on vehicle testing. 

(8) Small nonroad spark-ignition en-
gines we regulate under 40 CFR part 
1054 and stationary engines that are 
certified to the standards in 40 CFR 
part 1054 as specified in 40 CFR part 60, 
subpart JJJJ. For earlier model years, 
manufacturers may use the test proce-
dures in this part or those specified in 
40 CFR part 90 according to § 1065.10. 

(b) The procedures of this part may 
apply to other types of engines, as de-
scribed in this part and in the stand-
ard-setting part. 

(c) The term ‘‘you’’ means anyone 
performing testing under this part 
other than EPA. 

(1) This part is addressed primarily 
to manufacturers of engines, vehicles, 
equipment, and vessels, but it applies 
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equally to anyone who does testing 
under this part for such manufacturers. 

(2) This part applies to any manufac-
turer or supplier of test equipment, in-
struments, supplies, or any other goods 
or services related to the procedures, 
requirements, recommendations, or op-
tions in this part. 

(d) Paragraph (a) of this section iden-
tifies the parts of the CFR that define 
emission standards and other require-
ments for particular types of engines. 
In this part, we refer to each of these 
other parts generically as the ’’stand-
ard-setting part.’’ For example, 40 CFR 
part 1051 is always the standard-setting 
part for snowmobiles. Note that while 
40 CFR part 86 is the standard-setting 
part for heavy-duty highway engines, 
this refers specifically to 40 CFR part 
86, subpart A, and to certain portions 
of 40 CFR part 86, subpart N, as de-
scribed in 40 CFR 86.1301. 

(e) Unless we specify otherwise, the 
terms ‘‘procedures’’ and ‘‘test proce-
dures’’ in this part include all aspects 
of engine testing, including the equip-
ment specifications, calibrations, cal-
culations, and other protocols and pro-
cedural specifications needed to meas-
ure emissions. 

(f) For vehicles, equipment, or ves-
sels subject to this part and regulated 
under vehicle-based, equipment-based, 
or vessel-based standards, use good en-
gineering judgment to interpret the 
term ‘‘engine’’ in this part to include 
vehicles, equipment, or vessels, where 
appropriate. 

(g) For additional information re-
garding these test procedures, visit our 
Web site at http://www.epa.gov, and in 
particular http://www.epa.gov/nvfel/test-
ing/regulations.htm. 

(h) This part describes procedures 
and specifications for measuring an en-
gine’s exhaust emissions. While the 
measurements are geared toward en-
gine-based measurements (in units of g/ 
kW · hr), many of these provisions 
apply equally to vehicle-based meas-
urements (in units of g/mile or g/kilo-
meter). 40 CFR part 1066 describes the 
analogous procedures for vehicle-based 
emission measurements, and in many 
cases states that specific provisions of 
this part 1065 also apply for those vehi-
cle-based measurements. Where mate-
rial from this part 1065 applies for vehi-

cle-based measurements under 40 CFR 
part 1066, it is sometimes necessary to 
include parenthetical statements in 
this part 1065 to properly cite sec-
ondary references that are different for 
vehicle-based testing. See 40 CFR part 
1066 and the standard-setting part for 
additional information. 

[73 FR 37288, June 30, 2008, as amended at 73 
FR 59321, Oct. 8, 2008; 75 FR 23028, Apr. 30, 
2010; 76 FR 37977, June 28, 2011; 76 FR 57437, 
Sept. 15, 2011; 79 FR 23752, Apr. 28, 2014] 

§ 1065.2 Submitting information to 
EPA under this part. 

(a) You are responsible for state-
ments and information in your applica-
tions for certification, requests for ap-
proved procedures, selective enforce-
ment audits, laboratory audits, produc-
tion-line test reports, field test reports, 
or any other statements you make to 
us related to this part 1065. If you pro-
vide statements or information to 
someone for submission to EPA, you 
are responsible for these statements 
and information as if you had sub-
mitted them to EPA yourself. 

(b) In the standard-setting part and 
in 40 CFR 1068.101, we describe your ob-
ligation to report truthful and com-
plete information and the consequences 
of failing to meet this obligation. See 
also 18 U.S.C. 1001 and 42 U.S.C. 
7413(c)(2). This obligation applies 
whether you submit this information 
directly to EPA or through someone 
else. 

(c) We may void any certificates or 
approvals associated with a submission 
of information if we find that you in-
tentionally submitted false, incom-
plete, or misleading information. For 
example, if we find that you inten-
tionally submitted incomplete infor-
mation to mislead EPA when request-
ing approval to use alternate test pro-
cedures, we may void the certificates 
for all engines families certified based 
on emission data collected using the 
alternate procedures. This would also 
apply if you ignore data from incom-
plete tests or from repeat tests with 
higher emission results. 

(d) We may require an authorized 
representative of your company to ap-
prove and sign the submission, and to 
certify that all the information sub-
mitted is accurate and complete. This 
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includes everyone who submits infor-
mation, including manufacturers and 
others. 

(e) See 40 CFR 1068.10 for provisions 
related to confidential information. 
Note however that under 40 CFR 2.301, 
emission data are generally not eligi-
ble for confidential treatment. 

(f) Nothing in this part should be in-
terpreted to limit our ability under 
Clean Air Act section 208 (42 U.S.C. 
7542) to verify that engines conform to 
the regulations. 

[73 FR 37289, June 30, 2008, as amended at 75 
FR 23028, Apr. 30, 2010; 79 FR 23752, Apr. 28, 
2014] 

§ 1065.5 Overview of this part 1065 and 
its relationship to the standard-set-
ting part. 

(a) This part specifies procedures 
that apply generally to testing various 
categories of engines. See the standard- 
setting part for directions in applying 
specific provisions in this part for a 
particular type of engine. Before using 
this part’s procedures, read the stand-
ard-setting part to answer at least the 
following questions: 

(1) What duty cycles must I use for 
laboratory testing? 

(2) Should I warm up the test engine 
before measuring emissions, or do I 
need to measure cold-start emissions 
during a warm-up segment of the duty 
cycle? 

(3) Which exhaust constituents do I 
need to measure? Measure all exhaust 
constituents that are subject to emis-
sion standards, any other exhaust con-
stituents needed for calculating emis-
sion rates, and any additional exhaust 
constituents as specified in the stand-

ard-setting part. Alternatively, you 
may omit the measurement of N2O and 
CH4 for an engine, provided it is not 
subject to an N2O or CH4 emission 
standard. If you omit the measurement 
of N2O and CH4, you must provide other 
information and/or data that will give 
us a reasonable basis for estimating 
the engine’s emission rates. 

(4) Do any unique specifications 
apply for test fuels? 

(5) What maintenance steps may I 
take before or between tests on an 
emission-data engine? 

(6) Do any unique requirements apply 
to stabilizing emission levels on a new 
engine? 

(7) Do any unique requirements apply 
to test limits, such as ambient tem-
peratures or pressures? 

(8) Is field testing required or al-
lowed, and are there different emission 
standards or procedures that apply to 
field testing? 

(9) Are there any emission standards 
specified at particular engine-oper-
ating conditions or ambient condi-
tions? 

(10) Do any unique requirements 
apply for durability testing? 

(b) The testing specifications in the 
standard-setting part may differ from 
the specifications in this part. In cases 
where it is not possible to comply with 
both the standard-setting part and this 
part, you must comply with the speci-
fications in the standard-setting part. 
The standard-setting part may also 
allow you to deviate from the proce-
dures of this part for other reasons. 

(c) The following table shows how 
this part divides testing specifications 
into subparts: 

TABLE 1 OF § 1065.5—DESCRIPTION OF PART 1065 SUBPARTS 

This subpart Describes these specifications or procedures 

Subpart A ....................... Applicability and general provisions. 
Subpart B ....................... Equipment for testing. 
Subpart C ....................... Measurement instruments for testing. 
Subpart D ....................... Calibration and performance verifications for measurement systems. 
Subpart E ....................... How to prepare engines for testing, including service accumulation. 
Subpart F ........................ How to run an emission test over a predetermined duty cycle. 
Subpart G ....................... Test procedure calculations. 
Subpart H ....................... Fuels, engine fluids, analytical gases, and other calibration standards. 
Subpart I ......................... Special procedures related to oxygenated fuels. 
Subpart J ........................ How to test with portable emission measurement systems (PEMS). 
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[73 FR 37289, June 30, 2008, as amended at 74 
FR 56511, Oct. 30, 2009] 

§ 1065.10 Other procedures. 
(a) Your testing. The procedures in 

this part apply for all testing you do to 
show compliance with emission stand-
ards, with certain exceptions noted in 
this section. In some other sections in 
this part, we allow you to use other 
procedures (such as less precise or less 
accurate procedures) if they do not af-
fect your ability to show that your en-
gines comply with the applicable emis-
sion standards. This generally requires 
emission levels to be far enough below 
the applicable emission standards so 
that any errors caused by greater im-
precision or inaccuracy do not affect 
your ability to state unconditionally 
that the engines meet all applicable 
emission standards. 

(b) Our testing. These procedures gen-
erally apply for testing that we do to 
determine if your engines comply with 
applicable emission standards. We may 
perform other testing as allowed by the 
Act. 

(c) Exceptions. We may allow or re-
quire you to use procedures other than 
those specified in this part in the fol-
lowing cases, which may apply to lab-
oratory testing, field testing, or both. 
We intend to publicly announce when 
we allow or require such exceptions. 
All of the test procedures noted here as 
exceptions to the specified procedures 
are considered generically as ‘‘other 
procedures.’’ Note that the terms 
‘‘special procedures’’ and ‘‘alternate 
procedures’’ have specific meanings; 
‘‘special procedures’’ are those allowed 
by § 1065.10(c)(2) and ‘‘alternate proce-
dures’’ are those allowed by 
§ 1065.10(c)(7). 

(1) The objective of the procedures in 
this part is to produce emission meas-
urements equivalent to those that 
would result from measuring emissions 
during in-use operation using the same 
engine configuration as installed in a 
vehicle, equipment, or vessel. However, 
in unusual circumstances where these 
procedures may result in measure-
ments that do not represent in-use op-
eration, you must notify us if good en-
gineering judgment indicates that the 
specified procedures cause unrepre-
sentative emission measurements for 

your engines. Note that you need not 
notify us of unrepresentative aspects of 
the test procedure if measured emis-
sions are equivalent to in-use emis-
sions. This provision does not obligate 
you to pursue new information regard-
ing the different ways your engine 
might operate in use, nor does it obli-
gate you to collect any other in-use in-
formation to verify whether or not 
these test procedures are representa-
tive of your engine’s in-use operation. 
If you notify us of unrepresentative 
procedures under this paragraph (c)(1), 
we will cooperate with you to establish 
whether and how the procedures should 
be appropriately changed to result in 
more representative measurements. 
While the provisions of this paragraph 
(c)(1) allow us to be responsive to 
issues as they arise, we would gen-
erally work toward making these test-
ing changes generally applicable 
through rulemaking. We will allow rea-
sonable lead time for compliance with 
any resulting change in procedures. We 
will consider the following factors in 
determining the importance of pur-
suing changes to the procedures: 

(i) Whether supplemental emission 
standards or other requirements in the 
standard-setting part address the type 
of operation of concern or otherwise 
prevent inappropriate design strate-
gies. 

(ii) Whether the unrepresentative as-
pect of the procedures affects your 
ability to show compliance with the 
applicable emission standards. 

(iii) The extent to which the estab-
lished procedures require the use of 
emission-control technologies or strat-
egies that are expected to ensure a 
comparable degree of emission control 
under the in-use operation that differs 
from the specified procedures. 

(2) You may request to use special 
procedures if your engine cannot be 
tested using the specified procedures. 
For example, this may apply if your 
engine cannot operate on the specified 
duty cycle. In this case, tell us in writ-
ing why you cannot satisfactorily test 
your engine using this part’s proce-
dures and ask to use a different ap-
proach. We will approve your request if 
we determine that it would produce 
emission measurements that represent 
in-use operation and we determine that 
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it can be used to show compliance with 
the requirements of the standard-set-
ting part. Where we approve special 
procedures that differ substantially 
from the specified procedures, we may 
preclude you from participating in 
averaging, banking, and trading with 
the affected engine families. 

(3) In a given model year, you may 
use procedures required for later model 
year engines without request. If you 
upgrade your testing facility in stages, 
you may rely on a combination of pro-
cedures for current and later model 
year engines as long as you can ensure, 
using good engineering judgment, that 
the combination you use for testing 
does not affect your ability to show 
compliance with the applicable emis-
sion standards. 

(4) In a given model year, you may 
ask to use procedures allowed for ear-
lier model year engines. We will ap-
prove this only if you show us that 
using the procedures allowed for earlier 
model years does not affect your abil-
ity to show compliance with the appli-
cable emission standards. 

(5) You may ask to use emission data 
collected using other procedures, such 
as those of the California Air Re-
sources Board or the International Or-
ganization for Standardization. We will 
approve this only if you show us that 
using these other procedures does not 
affect your ability to show compliance 
with the applicable emission standards. 

(6) During the 12 months following 
the effective date of any change in the 
provisions of this part 1065 (and 40 CFR 
part 1066 for vehicle testing), you may 
use data collected using procedures 
specified in the previously applicable 
version of this part 1065 (and 40 CFR 
part 1066 for vehicle testing). This also 
applies for changes to test procedures 
specified in the standard-setting part 
to the extent that these changes do not 
correspond to new emission standards. 
This paragraph (c)(6) does not restrict 
the use of carryover certification data 
otherwise allowed by the standard-set-
ting part. 

(7) You may request to use alternate 
procedures that are equivalent to the 
specified procedures, or procedures 
that are more accurate or more precise 
than the specified procedures. We may 
perform tests with your engines using 

either the approved alternate proce-
dures or the specified procedures. The 
following provisions apply to requests 
for alternate procedures: 

(i) Applications. Follow the instruc-
tions in § 1065.12. 

(ii) Submission. Submit requests in 
writing to the Designated Compliance 
Officer. 

(iii) Notification. We may approve 
your request by telling you directly, or 
we may issue guidance announcing our 
approval of a specific alternate proce-
dure, which would make additional re-
quests for approval unnecessary. 

(d) Advance approval. If we require 
you to request approval to use other 
procedures under paragraph (c) of this 
section, you may not use them until we 
approve your request. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37290, June 30, 2008; 75 FR 23028, Apr. 30, 
2010; 79 FR 23752, Apr. 28, 2014; 80 FR 9118, 
Feb. 19, 2015; 81 FR 74162, Oct. 25, 2016] 

§ 1065.12 Approval of alternate proce-
dures. 

(a) To get approval for an alternate 
procedure under § 1065.10(c), send the 
Designated Compliance Officer an ini-
tial written request describing the al-
ternate procedure and why you believe 
it is equivalent to the specified proce-
dure. Anyone may request alternate 
procedure approval. This means that 
an individual engine manufacturer may 
request to use an alternate procedure. 
This also means that an instrument 
manufacturer may request to have an 
instrument, equipment, or procedure 
approved as an alternate procedure to 
those specified in this part. We may ap-
prove your request based on this infor-
mation alone, whether or not it in-
cludes all the information specified in 
this section. Where we determine that 
your original submission does not in-
clude enough information for us to de-
termine that the alternate procedure is 
equivalent to the specified procedure, 
we may ask you to submit supple-
mental information showing that your 
alternate procedure is consistently and 
reliably at least as accurate and re-
peatable as the specified procedure. 

(b) We may make our approval under 
this section conditional upon meeting 
other requirements or specifications. 
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We may limit our approval, for exam-
ple, to certain time frames, specific 
duty cycles, or specific emission stand-
ards. Based upon any supplemental in-
formation we receive after our initial 
approval, we may amend a previously 
approved alternate procedure to ex-
tend, limit, or discontinue its use. We 
intend to publicly announce alternate 
procedures that we approve. 

(c) Although we will make every ef-
fort to approve only alternate proce-
dures that completely meet our re-
quirements, we may revoke our ap-
proval of an alternate procedure if new 
information shows that it is signifi-
cantly not equivalent to the specified 
procedure. 

If we do this, we will grant time to 
switch to testing using an allowed pro-
cedure, considering the following fac-
tors: 

(1) The cost, difficulty, and avail-
ability to switch to a procedure that 
we allow. 

(2) The degree to which the alternate 
procedure affects your ability to show 
that your engines comply with all ap-
plicable emission standards. 

(3) Any relevant factors considered in 
our initial approval. 

(d) If we do not approve your pro-
posed alternate procedure based on the 
information in your initial request, we 
may ask you to send additional infor-
mation to fully evaluate your request. 
While we consider the information 
specified in this paragraph (d) and the 
statistical criteria of paragraph (e) of 
this section to be sufficient to dem-
onstrate equivalence, it may not be 
necessary to include all the informa-
tion or meet the specified statistical 
criteria. For example, systems that do 
not meet the statistical criteria in 
paragraph (e) of this section because 
they have a small bias toward high 
emission results could be approved 
since they would not adversely affect 
your ability to demonstrate compli-
ance with applicable standards. 

(1) Theoretical basis. Give a brief tech-
nical description explaining why you 
believe the proposed alternate proce-
dure should result in emission meas-
urements equivalent to those using the 
specified procedure. You may include 
equations, figures, and references. You 
should consider the full range of pa-

rameters that may affect equivalence. 
For example, for a request to use a dif-
ferent NOX measurement procedure, 
you should theoretically relate the al-
ternate detection principle to the spec-
ified detection principle over the ex-
pected concentration ranges for NO, 
NO2, and interference gases. For a re-
quest to use a different PM measure-
ment procedure, you should explain the 
principles by which the alternate pro-
cedure quantifies particulate mass 
similarly to the specified procedures. 

(2) Technical description. Describe 
briefly any hardware or software need-
ed to perform the alternate procedure. 
You may include dimensioned draw-
ings, flowcharts, schematics, and com-
ponent specifications. Explain any nec-
essary calculations or other data ma-
nipulation. 

(3) Procedure execution. Describe brief-
ly how to perform the alternate proce-
dure and recommend a level of training 
an operator should have to achieve ac-
ceptable results. 

Summarize the installation, calibra-
tion, operation, and maintenance pro-
cedures in a step-by-step format. De-
scribe how any calibration is performed 
using NIST-traceable standards or 
other similar standards we approve. 
Calibration must be specified by using 
known quantities and must not be 
specified as a comparison with other 
allowed procedures. 

(4) Data-collection techniques. Com-
pare measured emission results using 
the proposed alternate procedure and 
the specified procedure, as follows: 

(i) Both procedures must be cali-
brated independently to NIST-trace-
able standards or to other similar 
standards we approve. 

(ii) Include measured emission re-
sults from all applicable duty cycles. 
Measured emission results should show 
that the test engine meets all applica-
ble emission standards according to 
specified procedures. 

(iii) Use statistical methods to evalu-
ate the emission measurements, such 
as those described in paragraph (e) of 
this section. 

(e) Absent any other directions from 
us, use a t-test and an F-test calculated 
according to § 1065.602 to evaluate 
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whether your proposed alternate proce-
dure is equivalent to the specified pro-
cedure. We may give you specific direc-
tions regarding methods for statistical 
analysis, or we may approve other 
methods that you propose. Such alter-
nate methods may be more or less 
stringent than those specified in this 
paragraph (e). In determining the ap-
propriate statistical criteria, we will 
consider the repeatability of measure-
ments made with the reference proce-
dure. For example, less stringent sta-
tistical criteria may be appropriate for 
measuring emission levels being so low 
that they adversely affect the repeat-
ability of reference measurements. We 
recommend that you consult a statisti-
cian if you are unfamiliar with these 
statistical tests. Perform the tests as 
follows: 

(1) Repeat measurements for all ap-
plicable duty cycles at least seven 
times for each procedure. You may use 
laboratory duty cycles to evaluate 
field-testing procedures. 

Be sure to include all available re-
sults to evaluate the precision and ac-
curacy of the proposed alternate proce-
dure, as described in § 1065.2. 

(2) Demonstrate the accuracy of the 
proposed alternate procedure by show-
ing that it passes a two-sided t-test. 
Use an unpaired t-test, unless you show 
that a paired t-test is appropriate 
under both of the following provisions: 

(i) For paired data, the population of 
the paired differences from which you 
sampled paired differences must be 
independent. That is, the probability of 
any given value of one paired dif-
ference is unchanged by knowledge of 
the value of another paired difference. 
For example, your paired data would 
violate this requirement if your series 
of paired differences showed a distinct 
increase or decrease that was depend-
ent on the time at which they were 
sampled. 

(ii) For paired data, the population of 
paired differences from which you sam-
pled the paired differences must have a 
normal (i.e., Gaussian) distribution. If 
the population of paired difference is 
not normally distributed, consult a 
statistician for a more appropriate sta-
tistical test, which may include trans-
forming the data with a mathematical 

function or using some kind of non- 
parametric test. 

(3) Show that t is less than the crit-
ical t value, tcrit, tabulated in § 1065.602, 
for the following confidence intervals: 

(i) 90% for a proposed alternate pro-
cedure for laboratory testing. 

(ii) 95% for a proposed alternate pro-
cedure for field testing. 

(4) Demonstrate the precision of the 
proposed alternate procedure by show-
ing that it passes an F-test. Use a set of 
at least seven samples from the ref-
erence procedure and a set of at least 
seven samples from the alternate pro-
cedure to perform an F-test. The sets 
must meet the following requirements: 

(i) Within each set, the values must 
be independent. That is, the prob-
ability of any given value in a set must 
be unchanged by knowledge of another 
value in that set. For example, your 
data would violate this requirement if 
a set showed a distinct increase or de-
crease that was dependent upon the 
time at which they were sampled. 

(ii) For each set, the population of 
values from which you sampled must 
have a normal (i.e., Gaussian) distribu-
tion. If the population of values is not 
normally distributed, consult a stat-
istician for a more appropriate statis-
tical test, which may include trans-
forming the data with a mathematical 
function or using some kind of non- 
parametric test. 

(iii) The two sets must be inde-
pendent of each other. That is, the 
probability of any given value in one 
set must be unchanged by knowledge of 
another value in the other set. For ex-
ample, your data would violate this re-
quirement if one value in a set showed 
a distinct increase or decrease that was 
dependent upon a value in the other 
set. Note that a trend of emission 
changes from an engine would not vio-
late this requirement. 

(iv) If you collect paired data for the 
paired t-test in paragraph (e)(2) in this 
section, use caution when selecting 
sets from paired data for the F-test. If 
you do this, select sets that do not 
mask the precision of the measurement 
procedure. We recommend selecting 
such sets only from data collected 
using the same engine, measurement 
instruments, and test cycle. 
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(5) Show that F is less than the crit-
ical F value, Fcrit, tabulated in § 1065.602. 
If you have several F-test results from 
several sets of data, show that the 
mean F-test value is less than the 
mean critical F value for all the sets. 
Evaluate Fcrit, based on the following 
confidence intervals: 

(i) 90% for a proposed alternate pro-
cedure for laboratory testing. 

(ii) 95% for a proposed alternate pro-
cedure for field testing. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37290, June 30, 2008; 79 FR 23752, Apr. 28, 
2014] 

§ 1065.15 Overview of procedures for 
laboratory and field testing. 

This section outlines the procedures 
to test engines that are subject to 
emission standards. 

(a) In the standard-setting part, we 
set brake-specific emission standards 
in g/(kW · hr) (or g/(hp · hr)), for the 
following constituents: 

(1) Total oxides of nitrogen, NOX. 
(2) Hydrocarbon, HC, which may be 

expressed in the following ways: 
(i) Total hydrocarbon, THC. 
(ii) Nonmethane hydrocarbon, NMHC, 

which results from subtracting meth-
ane, CH4, from THC. 

(iii) Nonmethane-nonethane hydro-
carbon, NMNEHC, which results from 
subtracting methane, CH4, and ethane, 
C2H6, from THC. 

(iv) Total hydrocarbon-equivalent, 
THCE, which results from adjusting 
THC mathematically to be equivalent 
on a carbon-mass basis. 

(v) Nonmethane hydrocarbon-equiva-
lent, NMHCE, which results from ad-
justing NMHC mathematically to be 
equivalent on a carbon-mass basis. 

(3) Particulate matter, PM. 
(4) Carbon monoxide, CO. 
(5) Carbon dioxide, CO2. 
(6) Methane, CH4. 
(7) Nitrous oxide, N2O. 
(b) Note that some engines are not 

subject to standards for all the emis-
sion constituents identified in para-
graph (a) of this section. Note also that 
the standard-setting part may include 
standards for pollutants not listed in 
paragraph (a) of this section. 

(c) We generally set brake-specific 
emission standards over test intervals 
and/or duty cycles, as follows: 

(1) Engine operation. Testing may in-
volve measuring emissions and work in 
a laboratory-type environment or in 
the field, as described in paragraph (f) 
of this section. For most laboratory 
testing, the engine is operated over one 
or more duty cycles specified in the 
standard-setting part. However, labora-
tory testing may also include non-duty 
cycle testing (such as simulation of 
field testing in a laboratory). For field 
testing, the engine is operated under 
normal in-use operation. The standard- 
setting part specifies how test inter-
vals are defined for field testing. Refer 
to the definitions of ‘‘duty cycle’’ and 
‘‘test interval’’ in § 1065.1001. Note that 
a single duty cycle may have multiple 
test intervals and require weighting of 
results from multiple test intervals to 
calculate a composite brake-specific 
emissions value to compare to the 
standard. 

(2) Constituent determination. Deter-
mine the total mass of each con-
stituent over a test interval by select-
ing from the following methods: 

(i) Continuous sampling. In continuous 
sampling, measure the constituent’s 
concentration continuously from raw 
or dilute exhaust. Multiply this con-
centration by the continuous (raw or 
dilute) flow rate at the emission sam-
pling location to determine the con-
stituent’s flow rate. Sum the constitu-
ent’s flow rate continuously over the 
test interval. This sum is the total 
mass of the emitted constituent. 

(ii) Batch sampling. In batch sam-
pling, continuously extract and store a 
sample of raw or dilute exhaust for 
later measurement. Extract a sample 
proportional to the raw or dilute ex-
haust flow rate. You may extract and 
store a proportional sample of exhaust 
in an appropriate container, such as a 
bag, and then measure NOX, HC, CO, 
CO2, CH4, N2O, and CH2O concentra-
tions in the container after the test in-
terval. You may deposit PM from pro-
portionally extracted exhaust onto an 
appropriate substrate, such as a filter. 
In this case, divide the PM by the 
amount of filtered exhaust to calculate 
the PM concentration. Multiply batch 
sampled concentrations by the total 
(raw or dilute) flow from which it was 
extracted during the test interval. This 
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product is the total mass of the emit-
ted constituent. 

(iii) Combined sampling. You may use 
continuous and batch sampling simul-
taneously during a test interval, as fol-
lows: 

(A) You may use continuous sam-
pling for some constituents and batch 
sampling for others. 

(B) You may use continuous and 
batch sampling for a single con-
stituent, with one being a redundant 
measurement. See § 1065.201 for more in-
formation on redundant measurements. 

(3) Work determination. Determine 
work over a test interval by one of the 
following methods: 

(i) Speed and torque. Synchronously 
multiply speed and brake torque to cal-
culate instantaneous values for engine 
brake power. Sum engine brake power 
over a test interval to determine total 
work. 

(ii) Fuel consumed and brake-specific 
fuel consumption. Directly measure fuel 
consumed or calculate it with chemical 
balances of the fuel, intake air, and ex-
haust. To calculate fuel consumed by a 
chemical balance, you must also meas-
ure either intake-air flow rate or ex-
haust flow rate. Divide the fuel con-
sumed during a test interval by the 
brake-specific fuel consumption to de-
termine work over the test interval. 
For laboratory testing, calculate the 
brake-specific fuel consumption using 
fuel consumed and speed and torque 
over a test interval. For field testing, 
refer to the standard-setting part and 
§ 1065.915 for selecting an appropriate 
value for brake-specific fuel consump-
tion. 

(d) Refer to § 1065.650 for calculations 
to determine brake-specific emissions. 

(e) The following figure illustrates 
the allowed measurement configura-
tions described in this part 1065: 
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(f) This part 1065 describes how to 
test engines in a laboratory-type envi-
ronment or in the field. 

(1) This affects test intervals and 
duty cycles as follows: 
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(i) For laboratory testing, you gen-
erally determine brake-specific emis-
sions for duty-cycle testing by using an 
engine dynamometer in a laboratory or 
other environment. This typically con-
sists of one or more test intervals, each 
defined by a duty cycle, which is a se-
quence of modes, speeds, and/or torques 
(or powers) that an engine must follow. 
If the standard-setting part allows it, 
you may also simulate field testing 
with an engine dynamometer in a lab-
oratory or other environment. 

(ii) Field testing consists of normal 
in-use engine operation while an engine 
is installed in a vehicle, equipment, or 
vessel rather than following a specific 
engine duty cycle. The standard-set-
ting part specifies how test intervals 
are defined for field testing. 

(2) The type of testing may also af-
fect what test equipment may be used. 
You may use ‘‘lab-grade’’ test equip-
ment for any testing. The term ‘‘lab- 
grade’’ refers to equipment that fully 
conforms to the applicable specifica-
tions of this part. For some testing you 
may alternatively use ‘‘field-grade’’ 
equipment. The term ‘‘field-grade’’ re-
fers to equipment that fully conforms 
to the applicable specifications of sub-
part J of this part, but does not fully 
conform to other specifications of this 
part. You may use ‘‘field-grade’’ equip-
ment for field testing. We also specify 
in this part and in the standard-setting 
parts certain cases in which you may 
use ‘‘field-grade’’ equipment for testing 
in a laboratory-type environment. 
(NOTE: Although ‘‘field-grade’’ equip-
ment is generally more portable than 
‘‘lab-grade’’ test equipment, port-
ability is not relevant to whether 
equipment is considered to be ‘‘field- 
grade’’ or ‘‘lab-grade’’.) 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37290, June 30, 2008; 75 FR 23028, Apr. 30, 
2010; 76 FR 57437, Sept. 15, 2011; 79 FR 23753, 
Apr. 28, 2014; 81 FR 74162, Oct. 25, 2016] 

§ 1065.20 Units of measure and over-
view of calculations. 

(a) System of units. The procedures in 
this part generally follow the Inter-
national System of Units (SI), as de-
tailed in NIST Special Publication 811, 
which we incorporate by reference in 
§ 1065.1010. The following exceptions 
apply: 

(1) We designate angular speed, fn, of 
an engine’s crankshaft in revolutions 
per minute (r/min), rather than the SI 
unit of radians per second (rad/s). This 
is based on the commonplace use of r/ 
min in many engine dynamometer lab-
oratories. 

(2) We designate brake-specific emis-
sions in grams per kilowatt-hour (g/ 
(kW · hr)), rather than the SI unit of 
grams per megajoule (g/MJ). In addi-
tion, we use the symbol hr to identify 
hour, rather than the SI convention of 
using h. This is based on the fact that 
engines are generally subject to emis-
sion standards expressed in g/kW · hr. 
If we specify engine standards in grams 
per horsepower · hour (g/(hp · hr)) in 
the standard-setting part, convert 
units as specified in paragraph (d) of 
this section. 

(3) We generally designate tempera-
tures in units of degrees Celsius ( °C) 
unless a calculation requires an abso-
lute temperature. In that case, we des-
ignate temperatures in units of Kelvin 
(K). For conversion purposes through-
out this part, 0 °C equals 273.15 K. Un-
less specified otherwise, always use ab-
solute temperature values for multi-
plying or dividing by temperature. 

(b) Concentrations. This part does not 
rely on amounts expressed in parts per 
million. Rather, we express such 
amounts in the following SI units: 

(1) For ideal gases, μmol/mol, for-
merly ppm (volume). 

(2) For all substances, cm3/m3, for-
merly ppm (volume). 

(3) For all substances, mg/kg, for-
merly ppm (mass). 

(c) Absolute pressure. Measure abso-
lute pressure directly or calculate it as 
the sum of atmospheric pressure plus a 
differential pressure that is referenced 
to atmospheric pressure. Always use 
absolute pressure values for multi-
plying or dividing by pressure. 

(d) Units conversion. Use the following 
conventions to convert units: 

(1) Testing. You may record values 
and perform calculations with other 
units. For testing with equipment that 
involves other units, use the conver-
sion factors from NIST Special Publi-
cation 811, as described in paragraph 
(a) of this section. 
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(2) Humidity. In this part, we identify 
humidity levels by specifying dew-
point, which is the temperature at 
which pure water begins to condense 
out of air. Use humidity conversions as 
described in § 1065.645. 

(3) Emission standards. If your stand-
ard is in g/(hp · hr) units, convert kW 
to hp before any rounding by using the 
conversion factor of 1 hp (550 ft · lbf/s) 
= 0.7456999 kW. Round the final value 
for comparison to the applicable stand-
ard. 

(e) Rounding. You are required to 
round certain final values, such as final 
emission values. You may round inter-
mediate values when transferring data 
as long as you maintain at least six 
significant digits (which requires more 
than six decimal places for values less 
than 0.1), or all significant digits if 
fewer than six digits are available. Un-
less the standard-setting part specifies 
otherwise, do not round other inter-
mediate values. Round values to the 
number of significant digits necessary 
to match the number of decimal places 
of the applicable standard or specifica-
tion as described in this paragraph (e). 
Note that specifications expressed as 
percentages have infinite precision (as 
described in paragraph (e)(7) of this 
section). Use the following rounding 
convention, which is consistent with 
ASTM E29 and NIST SP 811: 

(1) If the first (left-most) digit to be 
removed is less than five, remove all 
the appropriate digits without chang-
ing the digits that remain. For exam-
ple, 3.141593 rounded to the second dec-
imal place is 3.14. 

(2) If the first digit to be removed is 
greater than five, remove all the appro-
priate digits and increase the lowest- 

value remaining digit by one. For ex-
ample, 3.141593 rounded to the fourth 
decimal place is 3.1416. 

(3) If the first digit to be removed is 
five with at least one additional non- 
zero digit following the five, remove all 
the appropriate digits and increase the 
lowest-value remaining digit by one. 
For example, 3.141593 rounded to the 
third decimal place is 3.142. 

(4) If the first digit to be removed is 
five with no additional non-zero digits 
following the five, remove all the ap-
propriate digits, increase the lowest- 
value remaining digit by one if it is odd 
and leave it unchanged if it is even. 
For example, 1.75 and 1.750 rounded to 
the first decimal place are 1.8; while 
1.85 and 1.850 rounded to the first dec-
imal place are also 1.8. Note that this 
rounding procedure will always result 
in an even number for the lowest-value 
digit. 

(5) This paragraph (e)(5) applies if the 
regulation specifies rounding to an in-
crement other than decimal places or 
powers of ten (to the nearest 0.01, 0.1, 1, 
10, 100, etc.). To round numbers for 
these special cases, divide the quantity 
by the specified rounding increment. 
Round the result to the nearest whole 
number as described in paragraphs 
(e)(1) through (4) of this section. Mul-
tiply the rounded number by the speci-
fied rounding increment. This value is 
the desired result. For example, to 
round 0.90 to the nearest 0.2, divide 0.90 
by 0.2 to get a result of 4.5, which 
rounds to 4. Multiplying 4 by 0.2 gives 
0.8, which is the result of rounding 0.90 
to the nearest 0.2. 

(6) The following tables further illus-
trate the rounding procedures specified 
in this paragraph (e): 

Quantity 
Rounding increment 

10 1 0.1 0.01 

3.141593 ............................................................................... 0 3 3.1 3.14 
123,456.789 .......................................................................... 123,460 123,457 123,456.8 123,456.79 
5.500 ..................................................................................... 10 6 5.5 5.50 
4.500 ..................................................................................... 0 4 4.5 4.50 

Quantity 
Rounding increment 

25 3 0.5 0.02 

229.267 ................................................................................. 225 228 229.5 229.26 
62.500 ................................................................................... 50 63 62.5 62.50 
87.500 ................................................................................... 100 87 87.5 87.50 
7.500 ..................................................................................... 0 6 7.5 7.50 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00068 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



59 

Environmental Protection Agency § 1065.25 

(7) This paragraph (e)(7) applies 
where we specify a limit or tolerance 
as some percentage of another value 
(such as ±2% of a maximum concentra-
tion). You may show compliance with 
such specifications either by applying 
the percentage to the total value to 
calculate an absolute limit, or by con-
verting the absolute value to a percent-
age by dividing it by the total value. 

(i) Do not round either value (the ab-
solute limit or the calculated percent-
age), except as specified in paragraph 
(e)(7)(ii) of this section. For example, 
assume we specify that an analyzer 
must have a repeatability of ±1% of the 
maximum concentration or better, the 
maximum concentration is 1059 ppm, 
and you determine repeatability to be 
±6.3 ppm. In this example, you could 
calculate an absolute limit of ±10.59 
ppm (1059 ppm × 0.01) or calculate that 
the 6.3 ppm repeatability is equivalent 
to a repeatability of 0.5949008498584%. 

(ii) Prior to July 1, 2013, you may 
treat tolerances (and equivalent speci-
fications) specified in percentages as 
having fixed rather than infinite preci-
sion. For example, 2% would be equiva-
lent to 1.51% to 2.50% and 2.0% would 
be equivalent to 1.951% to 2.050%. Note 
that this allowance applies whether or 
not the percentage is explicitly speci-
fied as a percentage of another value. 

(8) You may use measurement de-
vices that incorporate internal round-
ing, consistent with the provisions of 
this paragraph (e)(8). You may use de-
vices that use any rounding convention 
if they report six or more significant 
digits. You may use devices that report 
fewer than six digits, consistent with 
good engineering judgment and the ac-
curacy, repeatability, and noise speci-
fications of this part. Note that this 
provision does not necessarily require 
you to perform engineering analysis or 
keep records. 

(f) Interpretation of ranges. Interpret 
a range as a tolerance unless we explic-
itly identify it as an accuracy, repeat-
ability, linearity, or noise specifica-
tion. See § 1065.1001 for the definition of 
tolerance. In this part, we specify two 
types of ranges: 

(1) Whenever we specify a range by a 
single value and corresponding limit 
values above and below that value 
(such as X ±Y), target the associated 

control point to that single value (X). 
Examples of this type of range include 
‘‘±10% of maximum pressure’’, or ‘‘(30 
±10) kPa’’. In these examples, you 
would target the maximum pressure or 
30 kPa, respectively. 

(2) Whenever we specify a range by 
the interval between two values, you 
may target any associated control 
point to any value within that range. 
An example of this type of range is ‘‘(40 
to 50) kPa’’. 

(g) Scaling of specifications with respect 
to an applicable standard. Because this 
part 1065 is applicable to a wide range 
of engines and emission standards, 
some of the specifications in this part 
are scaled with respect to an engine’s 
applicable standard or maximum 
power. This ensures that the specifica-
tion will be adequate to determine 
compliance, but not overly burdensome 
by requiring unnecessarily high-preci-
sion equipment. Many of these speci-
fications are given with respect to a 
‘‘flow-weighted mean’’ that is expected 
at the standard or during testing. 
Flow-weighted mean is the mean of a 
quantity after it is weighted propor-
tional to a corresponding flow rate. For 
example, if a gas concentration is 
measured continuously from the raw 
exhaust of an engine, its flow-weighted 
mean concentration is the sum of the 
products (dry-to-wet corrected, if ap-
plicable) of each recorded concentra-
tion times its respective exhaust flow 
rate, divided by the sum of the re-
corded flow rates. As another example, 
the bag concentration from a CVS sys-
tem is the same as the flow-weighted 
mean concentration, because the CVS 
system itself flow-weights the bag con-
centration. Refer to § 1065.602 for infor-
mation needed to estimate and cal-
culate flow-weighted means. Wherever 
a specification is scaled to a value 
based upon an applicable standard, in-
terpret the standard to be the family 
emission limit if the engine is certified 
under an emission credit program in 
the standard-setting part. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37292, June 30, 2008; 76 FR 57438, Sept. 15, 
2011; 79 FR 23753, Apr. 28, 2014] 

§ 1065.25 Recordkeeping. 
(a) The procedures in this part in-

clude various requirements to record 
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data or other information. Refer to the 
standard-setting part and § 1065.695 re-
garding specific recordkeeping require-
ments. 

(b) You must promptly send us orga-
nized, written records in English if we 
ask for them. We may review them at 
any time. 

(c) We may waive specific reporting 
or recordkeeping requirements we de-
termine to be unnecessary for the pur-
poses of this part and the standard-set-
ting part. Note that while we will gen-
erally keep the records required by this 
part, we are not obligated to keep 
records we determine to be unneces-
sary for us to keep. For example, while 
we require you to keep records for in-
valid tests so that we may verify that 
your invalidation was appropriate, it is 
not necessary for us to keep records for 
our own invalid tests. 

[79 FR 23753, Apr. 28, 2014] 

Subpart B—Equipment 
Specifications 

§ 1065.101 Overview. 
(a) This subpart specifies equipment, 

other than measurement instruments, 
related to emission testing. The provi-
sions of this subpart apply for all en-
gine dynamometer testing where en-
gine speeds and loads are controlled to 
follow a prescribed duty cycle. See sub-
part J of this part to determine which 
of the provisions of this subpart apply 

for field testing. This equipment in-
cludes three broad categories- 
dynamometers, engine fluid systems 
(such as fuel and intake-air systems), 
and emission-sampling hardware. 

(b) Other related subparts in this 
part identify measurement instru-
ments (subpart C), describe how to 
evaluate the performance of these in-
struments (subpart D), and specify en-
gine fluids and analytical gases (sub-
part H). 

(c) Subpart J of this part describes 
additional equipment that is specific to 
field testing. 

(d) Figures 1 and 2 of this section il-
lustrate some of the possible configura-
tions of laboratory equipment. These 
figures are schematics only; we do not 
require exact conformance to them. 
Figure 1 of this section illustrates the 
equipment specified in this subpart and 
gives some references to sections in 
this subpart. Figure 2 of this section il-
lustrates some of the possible configu-
rations of a full-flow dilution, con-
stant-volume sampling (CVS) system. 
Not all possible CVS configurations are 
shown. 

(e) Dynamometer testing involves en-
gine operation over speeds and loads 
that are controlled to a prescribed duty 
cycle. Field testing involves measuring 
emissions over normal in-use operation 
of a vehicle or piece of equipment. 
Field testing does not involve oper-
ating an engine over a prescribed duty 
cycle. 
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[70 FR 40516, July 13, 2005, as amended at 73 
FR 37292, June 30, 2008] 

§ 1065.110 Work inputs and outputs, 
accessory work, and operator de-
mand. 

(a) Work. Use good engineering judg-
ment to simulate all engine work in-
puts and outputs as they typically 
would operate in use. Account for work 
inputs and outputs during an emission 
test by measuring them; or, if they are 
small, you may show by engineering 
analysis that disregarding them does 
not affect your ability to determine 
the net work output by more than 
±0.5% of the net expected work output 
over the test interval. Use equipment 
to simulate the specific types of work, 
as follows: 

(1) Shaft work. Use an engine dyna-
mometer that is able to meet the 
cycle-validation criteria in § 1065.514 
over each applicable duty cycle. 

(i) You may use eddy-current and 
water-brake dynamometers for any 
testing that does not involve engine 
motoring, which is identified by nega-
tive torque commands in a reference 
duty cycle. See the standard setting 
part for reference duty cycles that are 
applicable to your engine. 

(ii) You may use alternating-current 
or direct-current motoring 
dynamometers for any type of testing. 

(iii) You may use one or more 
dynamometers. 

(iv) You may use any device that is 
already installed on a vehicle, equip-
ment, or vessel to absorb work from 
the engine’s output shaft(s). Examples 
of these types of devices include a ves-
sel’s propeller and a locomotive’s gen-
erator. 

(2) Electrical work. Use one or more of 
the following to simulate electrical 
work: 
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(i) Use storage batteries or capacitors 
that are of the type and capacity in-
stalled in use. 

(ii) Use motors, generators, and al-
ternators that are of the type and ca-
pacity installed in use. 

(iii) Use a resistor load bank to simu-
late electrical loads. 

(3) Pump, compressor, and turbine 
work. Use pumps, compressors, and tur-
bines that are of the type and capacity 
installed in use. Use working fluids 
that are of the same type and thermo-
dynamic state as normal in-use oper-
ation. 

(b) Laboratory work inputs. You may 
supply any laboratory inputs of work 
to the engine. For example, you may 
supply electrical work to the engine to 
operate a fuel system, and as another 
example you may supply compressor 
work to the engine to actuate pneu-
matic valves. We may ask you to show 
by engineering analysis your account-
ing of laboratory work inputs to meet 
the criterion in paragraph (a) of this 
section. 

(c) Engine accessories. You must ei-
ther install or account for the work of 
engine accessories required to fuel, lu-
bricate, or heat the engine, circulate 
coolant to the engine, or to operate 
aftertreatment devices. Operate the en-
gine with these accessories installed or 
accounted for during all testing oper-
ations, including mapping. If these ac-
cessories are not powered by the engine 
during a test, account for the work re-
quired to perform these functions from 
the total work used in brake-specific 
emission calculations. For air-cooled 
engines only, subtract externally pow-
ered fan work from total work. We may 
ask you to show by engineering anal-
ysis your accounting of engine acces-
sories to meet the criterion in para-
graph (a) of this section. 

(d) Engine starter. You may install a 
production-type starter. 

(e) Operator demand for shaft work. 
Operator demand is defined in 
§ 1065.1001. Command the operator de-
mand and the dynamometer(s) to fol-
low a prescribed duty cycle with set 
points for engine speed and torque as 
specified in § 1065.512. Refer to the 
standard-setting part to determine the 
specifications for your duty cycle(s). 
Use a mechanical or electronic input to 

control operator demand such that the 
engine is able to meet the validation 
criteria in § 1065.514 over each applica-
ble duty cycle. Record feedback values 
for engine speed and torque as specified 
in § 1065.512. Using good engineering 
judgment, you may improve control of 
operator demand by altering on-engine 
speed and torque controls. However, if 
these changes result in unrepresenta-
tive testing, you must notify us and 
recommend other test procedures 
under § 1065.10(c)(1). 

(f) Other engine inputs. If your elec-
tronic control module requires specific 
input signals that are not available 
during dynamometer testing, such as 
vehicle speed or transmission signals, 
you may simulate the signals using 
good engineering judgment. Keep 
records that describe what signals you 
simulate and explain why these signals 
are necessary for representative test-
ing. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37292, June 30, 2008] 

§ 1065.120 Fuel properties and fuel 
temperature and pressure. 

(a) Use fuels as specified in the stand-
ard-setting part, or as specified in sub-
part H of this part if fuels are not spec-
ified in the standard-setting part. 

(b) If the engine manufacturer speci-
fies fuel temperature and pressure tol-
erances and the location where they 
are to be measured, then measure the 
fuel temperature and pressure at the 
specified location to show that you are 
within these tolerances throughout 
testing. 

(c) If the engine manufacturer does 
not specify fuel temperature and pres-
sure tolerances, use good engineering 
judgment to set and control fuel tem-
perature and pressure in a way that 
represents typical in-use fuel tempera-
tures and pressures. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37293, June 30, 2008] 

§ 1065.122 Engine cooling and lubrica-
tion. 

(a) Engine cooling. Cool the engine 
during testing so its intake-air, oil, 
coolant, block, and head temperatures 
are within their expected ranges for 
normal operation. You may use auxil-
iary coolers and fans. 
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(1) For air-cooled engines only, if you 
use auxiliary fans you must account 
for work input to the fan(s) according 
to § 1065.110. 

(2) See § 1065.125 for more information 
related to intake-air cooling. 

(3) See § 1065.127 for more information 
related to exhaust gas recirculation 
cooling. 

(4) Measure temperatures at the man-
ufacturer-specified locations. If the 
manufacturer does not specify tem-
perature measurement locations, then 
use good engineering judgment to mon-
itor intake-air, oil, coolant, block, and 
head temperatures to ensure that they 
are in their expected ranges for normal 
operation. 

(b) Forced cooldown. You may install 
a forced cooldown system for an engine 
and an exhaust aftertreatment device 
according to § 1065.530(a)(1). 

(c) Lubricating oil. Use lubricating 
oils specified in § 1065.740. For two- 
stroke engines that involve a specified 
mixture of fuel and lubricating oil, mix 
the lubricating oil with the fuel ac-
cording to the manufacturer’s speci-
fications. 

(d) Coolant. For liquid-cooled engines, 
use coolant as specified in § 1065.745. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37293, June 30, 2008] 

§ 1065.125 Engine intake air. 
(a) Use the intake-air system in-

stalled on the engine or one that rep-
resents a typical in-use configuration. 
This includes the charge-air cooling 
and exhaust gas recirculation systems. 

(b) Measure temperature, humidity, 
and atmospheric pressure near the en-
trance of the furthest upstream engine 
or in-use intake system component. 
This would generally be near the en-
gine’s air filter, or near the inlet to the 
in-use air intake system for engines 
that have no air filter. For engines 
with multiple intakes, make measure-
ments near the entrance of each in-
take. 

(1) Pressure. You may use a single 
shared atmospheric pressure meter as 
long as your laboratory equipment for 
handling intake air maintains ambient 
pressure at all intakes within ±1 kPa of 
the shared atmospheric pressure. For 
engines with multiple intakes with sep-
arate atmospheric pressure measure-

ments at each intake, use an average 
value for verifying compliance to 
§ 1065.520(b)(2). 

(2) Humidity. You may use a single 
shared humidity measurement for in-
take air as long as your equipment for 
handling intake air maintains dew-
point at all intakes to within ±0.5 °C of 
the shared humidity measurement. For 
engines with multiple intakes with sep-
arate humidity measurements at each 
intake, use a flow-weighted average hu-
midity for NOX corrections. If indi-
vidual flows of each intake are not 
measured, use good engineering judg-
ment to estimate a flow-weighted aver-
age humidity. 

(3) Temperature. Good engineering 
judgment may require that you shield 
the temperature sensors or move them 
upstream of an elbow in the laboratory 
intake system to prevent measurement 
errors due to radiant heating from hot 
engine surfaces or in-use intake system 
components. You must limit the dis-
tance between the temperature sensor 
and the entrance to the furthest up-
stream engine or in-use intake system 
component to no more than 12 times 
the outer hydraulic diameter of the en-
trance to the furthest upstream engine 
or in-use intake system component. 
However, you may exceed this limit if 
you use good engineering judgment to 
show that the temperature at the fur-
thest upstream engine or in-use intake 
system component meets the specifica-
tion in paragraph (c) of this section. 
For engines with multiple intakes, use 
a flow-weighted average value to verify 
compliance with the specification in 
paragraph (c) of this section. If indi-
vidual flows of each intake are not 
measured, you may use good engineer-
ing judgment to estimate a flow- 
weighted average temperature. You 
may also verify that each individual 
intake complies with the specification 
in paragraph (c) of this section. 

(c) Maintain the temperature of in-
take air to (25 ±5) °C, except as follows: 

(1) Follow the standard-setting part 
if it specifies different temperatures. 

(2) For engines above 560 kW, you 
may use 35 °C as the upper bound of the 
tolerance. However, your system must 
be capable of controlling the tempera-
ture to the 25 °C setpoint for any 
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steady-state operation at >30% of max-
imum engine power. 

(3) You may ask us to allow you to 
apply a different setpoint for intake air 
temperature if it is necessary to re-
main consistent with the provisions of 
§ 1065.10(c)(1) for testing during which 
ambient temperature will be outside 
this range. 

(d) Use an intake-air restriction that 
represents production engines. Make 
sure the intake-air restriction is be-
tween the manufacturer’s specified 
maximum for a clean filter and the 
manufacturer’s specified maximum al-
lowed. Measure the static differential 
pressure of the restriction at the loca-
tion and at the speed and torque set 
points specified by the manufacturer. If 
the manufacturer does not specify a lo-
cation, measure this pressure upstream 
of any turbocharger or exhaust gas re-
circulation system connection to the 
intake air system. If the manufacturer 
does not specify speed and torque 
points, measure this pressure while the 
engine outputs maximum power. As 
the manufacturer, you are liable for 
emission compliance for all values up 
to the maximum restriction you speci-
fy for a particular engine. 

(e) This paragraph (e) includes provi-
sions for simulating charge-air cooling 
in the laboratory. This approach is de-
scribed in paragraph (e)(1) of this sec-
tion. Limits on using this approach are 
described in paragraphs (e)(2) and (3) of 
this section. 

(1) Use a charge-air cooling system 
with a total intake-air capacity that 
represents production engines’ in-use 
installation. Design any laboratory 
charge-air cooling system to minimize 
accumulation of condensate. Drain any 
accumulated condensate. Before start-
ing a duty cycle (or preconditioning for 
a duty cycle), completely close all 
drains that would normally be closed 
during in-use operation. Keep those 
drains closed during the emission test. 
Maintain coolant conditions as follows: 

(i) Maintain a coolant temperature of 
at least 20 °C at the inlet to the charge- 
air cooler throughout testing. We rec-
ommend maintaining a coolant tem-
perature of 25 ±5 °C at the inlet of the 
charge-air cooler. 

(ii) At the engine conditions specified 
by the manufacturer, set the coolant 

flow rate to achieve an air temperature 
within ±5 °C of the value specified by 
the manufacturer after the charge-air 
cooler’s outlet. Measure the air-outlet 
temperature at the location specified 
by the manufacturer. Use this coolant 
flow rate set point throughout testing. 
If the engine manufacturer does not 
specify engine conditions or the cor-
responding charge-air cooler air outlet 
temperature, set the coolant flow rate 
at maximum engine power to achieve a 
charge-air cooler air outlet tempera-
ture that represents in-use operation. 

(iii) If the engine manufacturer speci-
fies pressure-drop limits across the 
charge-air cooling system, ensure that 
the pressure drop across the charge-air 
cooling system at engine conditions 
specified by the manufacturer is within 
the manufacturer’s specified limit(s). 
Measure the pressure drop at the man-
ufacturer’s specified locations. 

(2) Using a constant flow rate as de-
scribed in paragraph (e)(1) of this sec-
tion may result in unrepresentative 
overcooling of the intake air. The pro-
visions of this paragraph (e)(2) apply 
instead of the provisions of 
§ 1065.10(c)(1) for this simulation. Our 
allowance to cool intake air as speci-
fied in this paragraph (e) does not af-
fect your liability for field testing or 
for laboratory testing that is done in a 
way that better represents in-use oper-
ation. Where we determine that this al-
lowance adversely affects your ability 
to demonstrate that your engines 
would comply with emission standards 
under in-use conditions, we may re-
quire you to use more sophisticated 
setpoints and controls of charge-air 
pressure drop, coolant temperature, 
and flow rate to achieve more rep-
resentative results. 

(3) This approach does not apply for 
field testing. You may not correct 
measured emission levels from field 
testing to account for any differences 
caused by the simulated cooling in the 
laboratory. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37293, June 30, 2008; 73 FR 59321, Oct. 8, 
2008; 75 FR 23029, Apr. 30, 2010; 76 FR 57440, 
Sept. 15, 2011] 

§ 1065.127 Exhaust gas recirculation. 
Use the exhaust gas recirculation 

(EGR) system installed with the engine 
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or one that represents a typical in-use 
configuration. This includes any appli-
cable EGR cooling devices. 

§ 1065.130 Engine exhaust. 
(a) General. Use the exhaust system 

installed with the engine or one that 
represents a typical in-use configura-
tion. This includes any applicable 
aftertreatment devices. We refer to ex-
haust piping as an exhaust stack; this 
is equivalent to a tailpipe for vehicle 
configurations. 

(b) Aftertreatment configuration. If you 
do not use the exhaust system installed 
with the engine, configure any 
aftertreatment devices as follows: 

(1) Position any aftertreatment de-
vice so its distance from the nearest 
exhaust manifold flange or turbo-
charger outlet is within the range spec-
ified by the engine manufacturer in the 
application for certification. If this dis-
tance is not specified, position 
aftertreatment devices to represent 
typical in-use vehicle configurations. 

(2) You may use exhaust tubing that 
is not from the in-use exhaust system 
upstream of any aftertreatment device 
that is of diameter(s) typical of in-use 
configurations. If you use exhaust tub-
ing that is not from the in-use exhaust 
system upstream of any aftertreatment 
device, position each aftertreatment 
device according to paragraph (b)(1) of 
this section. 

(c) Sampling system connections. Con-
nect an engine’s exhaust system to any 
raw sampling location or dilution 
stage, as follows: 

(1) Minimize laboratory exhaust tub-
ing lengths and use a total length of 
laboratory tubing of no more than 10 m 
or 50 outside diameters, whichever is 
greater. The start of laboratory ex-
haust tubing should be specified as the 
exit of the exhaust manifold, turbo-
charger outlet, last aftertreatment de-
vice, or the in-use exhaust system, 
whichever is furthest downstream. The 
end of laboratory exhaust tubing 
should be specified as the sample point, 
or first point of dilution. If laboratory 
exhaust tubing consists of several dif-
ferent outside tubing diameters, count 
the number of diameters of length of 
each individual diameter, then sum all 
the diameters to determine the total 
length of exhaust tubing in diameters. 

Use the mean outside diameter of any 
converging or diverging sections of 
tubing. Use outside hydraulic diame-
ters of any noncircular sections. For 
multiple stack configurations where 
all the exhaust stacks are combined, 
the start of the laboratory exhaust 
tubing may be taken at the last joint 
of where all the stacks are combined. 

(2) You may install short sections of 
flexible laboratory exhaust tubing at 
any location in the engine or labora-
tory exhaust systems. You may use up 
to a combined total of 2 m or 10 outside 
diameters of flexible exhaust tubing. 

(3) Insulate any laboratory exhaust 
tubing downstream of the first 25 out-
side diameters of length. 

(4) Use laboratory exhaust tubing 
materials that are smooth-walled, elec-
trically conductive, and not reactive 
with exhaust constituents. Stainless 
steel is an acceptable material. 

(5) We recommend that you use lab-
oratory exhaust tubing that has either 
a wall thickness of less than 2 mm or is 
air gap-insulated to minimize tempera-
ture differences between the wall and 
the exhaust. 

(6) We recommend that you connect 
multiple exhaust stacks from a single 
engine into one stack upstream of any 
emission sampling. For raw or dilute 
partial-flow emission sampling, to en-
sure mixing of the multiple exhaust 
streams before emission sampling, we 
recommend a minimum Reynolds num-
ber, Re #, of 4000 for the combined ex-
haust stream, whereRe # is based on the 
inside diameter of the combined flow 
at the first sampling point. You may 
configure the exhaust system with tur-
bulence generators, such as orifice 
plates or fins, to achieve good mixing; 
inclusion of turbulence generators may 
be required forRe # less than 4000 to en-
sure good mixing.Re # is defined in 
§ 1065.640. For dilute full-flow (CVS) 
emission sampling, you may configure 
the exhaust system without regard to 
mixing in the laboratory section of the 
raw exhaust. For example you may size 
the laboratory section to reduce its 
pressure drop even if theRe #, in the lab-
oratory section of the raw exhaust is 
less than 4000. 

(d) In-line instruments. You may in-
sert instruments into the laboratory 
exhaust tubing, such as an in-line 
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smoke meter. If you do this, you may 
leave a length of up to 5 outside diame-
ters of laboratory exhaust tubing 
uninsulated on each side of each in-
strument, but you must leave a length 
of no more than 25 outside diameters of 
laboratory exhaust tubing uninsulated 
in total, including any lengths adja-
cent to in-line instruments. 

(e) Leaks. Minimize leaks sufficiently 
to ensure your ability to demonstrate 
compliance with the applicable stand-
ards. We recommend performing a 
chemical balance of fuel, intake air, 
and exhaust according to § 1065.655 to 
verify exhaust system integrity. 

(f) Grounding. Electrically ground the 
entire exhaust system. 

(g) Forced cooldown. You may install 
a forced cooldown system for an ex-
haust aftertreatment device according 
to § 1065.530(a)(1)(i). 

(h) Exhaust restriction. As the manu-
facturer, you are liable for emission 
compliance for all values up to the 
maximum restriction(s) you specify for 
a particular engine. Measure and set 
exhaust restriction(s) at the location(s) 
and at the engine speed and torque val-
ues specified by the manufacturer. 
Also, for variable-restriction 
aftertreatment devices, measure and 
set exhaust restriction(s) at the 
aftertreatment condition (degreening/ 
aging and regeneration/loading level) 
specified by the manufacturer. If the 
manufacturer does not specify a loca-
tion, measure this pressure down-
stream of any turbocharger. If the 
manufacturer does not specify speed 
and torque points, measure pressure 
while the engine produces maximum 
power. Use an exhaust-restriction set-
point that represents a typical in-use 
value, if available. If a typical in-use 
value for exhaust restriction is not 
available, set the exhaust restriction 
at (80 to 100)% of the maximum ex-
haust restriction specified by the man-
ufacturer, or if the maximum is 5 kPa 
or less, the set point must be no less 
than 1.0 kPa from the maximum. For 
example, if the maximum back pres-
sure is 4.5 kPa, do not use an exhaust 
restriction set point that is less than 
3.5 kPa. 

(i) Open crankcase emissions. If the 
standard-setting part requires meas-
uring open crankcase emissions, you 

may either measure open crankcase 
emissions separately using a method 
that we approve in advance, or route 
open crankcase emissions directly into 
the exhaust system for emission meas-
urement. If the engine is not already 
configured to route open crankcase 
emissions for emission measurement, 
route open crankcase emissions as fol-
lows: 

(1) Use laboratory tubing materials 
that are smooth-walled, electrically 
conductive, and not reactive with 
crankcase emissions. Stainless steel is 
an acceptable material. Minimize tube 
lengths. We also recommend using 
heated or thin-walled or air gap-insu-
lated tubing to minimize temperature 
differences between the wall and the 
crankcase emission constituents. 

(2) Minimize the number of bends in 
the laboratory crankcase tubing and 
maximize the radius of any unavoid-
able bend. 

(3) Use laboratory crankcase exhaust 
tubing that meets the engine manufac-
turer’s specifications for crankcase 
back pressure. 

(4) Connect the crankcase exhaust 
tubing into the raw exhaust down-
stream of any aftertreatment system, 
downstream of any installed exhaust 
restriction, and sufficiently upstream 
of any sample probes to ensure com-
plete mixing with the engine’s exhaust 
before sampling. Extend the crankcase 
exhaust tube into the free stream of ex-
haust to avoid boundary-layer effects 
and to promote mixing. You may ori-
ent the crankcase exhaust tube’s outlet 
in any direction relative to the raw ex-
haust flow. 

[73 FR 37293, June 30, 2008, as amended at 79 
FR 23754, Apr. 28, 2014] 

§ 1065.140 Dilution for gaseous and PM 
constituents. 

(a) General. You may dilute exhaust 
with ambient air, purified air, or nitro-
gen. References in this part to ‘‘dilu-
tion air’’ may include any of these. For 
gaseous emission measurement, the di-
lution air must be at least 15 °C. Note 
that the composition of the dilution air 
affects some gaseous emission meas-
urement instruments’ response to 
emissions. We recommend diluting ex-
haust at a location as close as possible 
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to the location where ambient air dilu-
tion would occur in use. Dilution may 
occur in a single stage or in multiple 
stages. For dilution in multiple stages, 
the first stage is considered primary di-
lution and later stages are considered 
secondary dilution. 

(b) Dilution-air conditions and back-
ground concentrations. Before dilution 
air is mixed with exhaust, you may 
precondition it by increasing or de-
creasing its temperature or humidity. 
You may also remove constituents to 
reduce their background concentra-
tions. The following provisions apply 
to removing constituents or account-
ing for background concentrations: 

(1) You may measure constituent 
concentrations in the dilution air and 
compensate for background effects on 
test results. See § 1065.650 for calcula-
tions that compensate for background 
concentrations (40 CFR 1066.610 for ve-
hicle testing). 

(2) Measure these background con-
centrations the same way you measure 
diluted exhaust constituents, or meas-
ure them in a way that does not affect 
your ability to demonstrate compli-
ance with the applicable standards. For 
example, you may use the following 
simplifications for background sam-
pling: 

(i) You may disregard any propor-
tional sampling requirements. 

(ii) You may use unheated gaseous 
sampling systems. 

(iii) You may use unheated PM sam-
pling systems. 

(iv) You may use continuous sam-
pling if you use batch sampling for di-
luted emissions. 

(v) You may use batch sampling if 
you use continuous sampling for di-
luted emissions. 

(3) For removing background PM, we 
recommend that you filter all dilution 
air, including primary full-flow dilu-
tion air, with high-efficiency particu-
late air (HEPA) filters that have an 
initial minimum collection efficiency 
specification of 99.97% (see § 1065.1001 
for procedures related to HEPA-filtra-
tion efficiencies). Ensure that HEPA 
filters are installed properly so that 
background PM does not leak past the 
HEPA filters. If you choose to correct 
for background PM without using 
HEPA filtration, demonstrate that the 

background PM in the dilution air con-
tributes less than 50% to the net PM 
collected on the sample filter. You may 
correct net PM without restriction if 
you use HEPA filtration. 

(c) Full-flow dilution; constant-volume 
sampling (CVS). You may dilute the full 
flow of raw exhaust in a dilution tun-
nel that maintains a nominally con-
stant volume flow rate, molar flow rate 
or mass flow rate of diluted exhaust, as 
follows: 

(1) Construction. Use a tunnel with in-
side surfaces of 300 series stainless 
steel. Electrically ground the entire di-
lution tunnel. We recommend a thin- 
walled and insulated dilution tunnel to 
minimize temperature differences be-
tween the wall and the exhaust gases. 
You may not use any flexible tubing in 
the dilution tunnel upstream of the PM 
sample probe. You may use nonconduc-
tive flexible tubing downstream of the 
PM sample probe and upstream of the 
CVS flow meter; use good engineering 
judgment to select a tubing material 
that is not prone to leaks, and con-
figure the tubing to ensure smooth 
flow at the CVS flow meter. 

(2) Pressure control. Maintain static 
pressure at the location where raw ex-
haust is introduced into the tunnel 
within ±1.2 kPa of atmospheric pres-
sure. You may use a booster blower to 
control this pressure. If you test using 
more careful pressure control and you 
show by engineering analysis or by test 
data that you require this level of con-
trol to demonstrate compliance at the 
applicable standards, we will maintain 
the same level of static pressure con-
trol when we test. 

(3) Mixing. Introduce raw exhaust 
into the tunnel by directing it down-
stream along the centerline of the tun-
nel. If you dilute directly from the ex-
haust stack, the end of the exhaust 
stack is considered to be the start of 
the dilution tunnel. You may introduce 
a fraction of dilution air radially from 
the tunnel’s inner surface to minimize 
exhaust interaction with the tunnel 
walls. You may configure the system 
with turbulence generators such as ori-
fice plates or fins to achieve good mix-
ing. We recommend a minimum Rey-
nolds number, Re #, of 4000 for the di-
luted exhaust stream, whereRe # is 
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based on the inside diameter of the di-
lution tunnel. Re # is defined in 
§ 1065.640. 

(4) Flow measurement preconditioning. 
You may condition the diluted exhaust 
before measuring its flow rate, as long 
as this conditioning takes place down-
stream of any heated HC or PM sample 
probes, as follows: 

(i) You may use flow straighteners, 
pulsation dampeners, or both of these. 

(ii) You may use a filter. 
(iii) You may use a heat exchanger to 

control the temperature upstream of 
any flow meter, but you must take 
steps to prevent aqueous condensation 
as described in paragraph (c)(6) of this 
section. 

(5) Flow measurement. Section 1065.240 
describes measurement instruments for 
diluted exhaust flow. 

(6) Aqueous condensation. This para-
graph (c)(6) describes how you must ad-
dress aqueous condensation in the CVS. 
As described below, you may meet 
these requirements by preventing or 
limiting aqueous condensation in the 
CVS from the exhaust inlet to the last 
emission sample probe. See that para-
graph for provisions related to the CVS 
between the last emission sample probe 
and the CVS flow meter. You may heat 
and/or insulate the dilution tunnel 
walls, as well as the bulk stream tub-
ing downstream of the tunnel to pre-
vent or limit aqueous condensation. 
Where we allow aqueous condensation 
to occur, use good engineering judg-
ment to ensure that the condensation 
does not affect your ability to dem-
onstrate that your engines comply 
with the applicable standards (see 
§ 1065.10(a)). 

(i) Preventing aqueous condensation. 
To prevent condensation, you must 
keep the temperature of internal sur-
faces, excluding any sample probes, 
above the dew point of the dilute ex-
haust passing through the CVS tunnel. 
Use good engineering judgment to 
monitor temperatures in the CVS. For 
the purposes of this paragraph (c)(6), 
assume that aqueous condensation is 
pure water condensate only, even 
though the definition of ‘‘aqueous con-
densation’’ in § 1065.1001 includes con-
densation of any constituents that con-
tain water. No specific verification 
check is required under this paragraph 

(c)(6)(i), but we may ask you to show 
how you comply with this requirement. 
You may use engineering analysis, CVS 
tunnel design, alarm systems, measure-
ments of wall temperatures, and cal-
culation of water dew point to dem-
onstrate compliance with this require-
ment. For optional CVS heat exchang-
ers, you may use the lowest water tem-
perature at the inlet(s) and outlet(s) to 
determine the minimum internal sur-
face temperature. 

(ii) Limiting aqueous condensation. 
This paragraph (c)(6)(ii) specifies limits 
of allowable condensation and requires 
you to verify that the amount of con-
densation that occurs during each test 
interval does not exceed the specified 
limits. 

(A) Use chemical balance equations 
in § 1065.655 to calculate the mole frac-
tion of water in the dilute exhaust con-
tinuously during testing. Alter-
natively, you may continuously meas-
ure the mole fraction of water in the 
dilute exhaust prior to any condensa-
tion during testing. Use good engineer-
ing judgment to select, calibrate and 
verify water analyzers/detectors. The 
linearity verification requirements of 
§ 1065.307 do not apply to water ana-
lyzers/detectors used to correct for the 
water content in exhaust samples. 

(B) Use good engineering judgment to 
select and monitor locations on the 
CVS tunnel walls prior to the last 
emission sample probe. If you are also 
verifying limited condensation from 
the last emission sample probe to the 
CVS flow meter, use good engineering 
judgment to select and monitor loca-
tions on the CVS tunnel walls, optional 
CVS heat exchanger, and CVS flow 
meter. For optional CVS heat exchang-
ers, you may use the lowest water tem-
perature at the inlet(s) and outlet(s) to 
determine the minimum internal sur-
face temperature. Identify the min-
imum surface temperature on a contin-
uous basis. 

(C) Identify the maximum potential 
mole fraction of dilute exhaust lost on 
a continuous basis during the entire 
test interval. This value must be less 
than or equal to 0.02. Calculate on a 
continuous basis the mole fraction of 
water that would be in equilibrium 
with liquid water at the measured min-
imum surface temperature. Subtract 
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this mole fraction from the mole frac-
tion of water that would be in the ex-
haust without condensation (either 
measured or from the chemical bal-
ance), and set any negative values to 
zero. This difference is the potential 
mole fraction of the dilute exhaust 
that would be lost due to water con-
densation on a continuous basis. 

(D) Integrate the product of the 
molar flow rate of the dilute exhaust 
and the potential mole fraction of di-
lute exhaust lost, and divide by the to-
talized dilute exhaust molar flow over 
the test interval. This is the potential 
mole fraction of the dilute exhaust 
that would be lost due to water con-
densation over the entire test interval. 
Note that this assumes no re-evapo-
ration. This value must be less than or 
equal to 0.005. 

(7) Flow compensation. Maintain 
nominally constant molar, volumetric 
or mass flow of diluted exhaust. You 
may maintain nominally constant flow 
by either maintaining the temperature 
and pressure at the flow meter or by di-
rectly controlling the flow of diluted 
exhaust. You may also directly control 
the flow of proportional samplers to 
maintain proportional sampling. For 
an individual test, verify proportional 
sampling as described in § 1065.545. 

(d) Partial-flow dilution (PFD). You 
may dilute a partial flow of raw or pre-
viously diluted exhaust before meas-
uring emissions. Section 1065.240 de-
scribes PFD-related flow measurement 
instruments. PFD may consist of con-
stant or varying dilution ratios as de-
scribed in paragraphs (d)(2) and (3) of 
this section. An example of a constant 
dilution ratio PFD is a ‘‘secondary di-
lution PM’’ measurement system. 

(1) Applicability. (i) You may use PFD 
to extract a proportional raw exhaust 
sample for any batch or continuous PM 
emission sampling over any transient 
duty cycle, any steady-state duty 
cycle, or any ramped-modal cycle. 

(ii) You may use PFD to extract a 
proportional raw exhaust sample for 
any batch or continuous gaseous emis-
sion sampling over any transient duty 
cycle, any steady-state duty cycle, or 
any ramped-modal cycle. 

(iii) You may use PFD to extract a 
proportional raw exhaust sample for 
any batch or continuous field-testing. 

(iv) You may use PFD to extract a 
proportional diluted exhaust sample 
from a CVS for any batch or contin-
uous emission sampling. 

(v) You may use PFD to extract a 
constant raw or diluted exhaust sample 
for any continuous emission sampling. 

(vi) You may use PFD to extract a 
constant raw or diluted exhaust sample 
for any steady-state emission sam-
pling. 

(2) Constant dilution-ratio PFD. Do one 
of the following for constant dilution- 
ratio PFD: 

(i) Dilute an already proportional 
flow. For example, you may do this as 
a way of performing secondary dilution 
from a CVS tunnel to achieve overall 
dilution ratio for PM sampling. 

(ii) Continuously measure con-
stituent concentrations. For example, 
you might dilute to precondition a 
sample of raw exhaust to control its 
temperature, humidity, or constituent 
concentrations upstream of continuous 
analyzers. In this case, you must take 
into account the dilution ratio before 
multiplying the continuous concentra-
tion by the sampled exhaust flow rate. 

(iii) Extract a proportional sample 
from a separate constant dilution ratio 
PFD system. For example, you might 
use a variable-flow pump to proportion-
ally fill a gaseous storage medium such 
as a bag from a PFD system. In this 
case, the proportional sampling must 
meet the same specifications as vary-
ing dilution ratio PFD in paragraph 
(d)(3) of this section. 

(iv) For each mode of a discrete-mode 
test (such as a locomotive notch set-
ting or a specific setting for speed and 
torque), use a constant dilution ratio 
for any PM sampling. You must change 
the overall PM sampling system dilu-
tion ratio between modes so that the 
dilution ratio on the mode with the 
highest exhaust flow rate meets 
§ 1065.140(e)(2) and the dilution ratios 
on all other modes is higher than this 
(minimum) dilution ratio by the ratio 
of the maximum exhaust flow rate to 
the exhaust flow rate of the cor-
responding other mode. This is the 
same dilution ratio requirement for 
RMC or field transient testing. You 
must account for this change in dilu-
tion ratio in your emission calcula-
tions. 
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(3) Varying dilution-ratio PFD. All the 
following provisions apply for varying 
dilution-ratio PFD: 

(i) Use a control system with sensors 
and actuators that can maintain pro-
portional sampling over intervals as 
short as 200 ms (i.e., 5 Hz control). 

(ii) For control input, you may use 
any sensor output from one or more 
measurements; for example, intake-air 
flow, fuel flow, exhaust flow, engine 
speed, and intake manifold tempera-
ture and pressure. 

(iii) Account for any emission transit 
time in the PFD system, as necessary. 

(iv) You may use preprogrammed 
data if they have been determined for 
the specific test site, duty cycle, and 
test engine from which you dilute 
emissions. 

(v) We recommend that you run prac-
tice cycles to meet the verification cri-
teria in § 1065.545. Note that you must 
verify every emission test by meeting 
the verification criteria with the data 
from that specific test. Data from pre-
viously verified practice cycles or 
other tests may not be used to verify a 
different emission test. 

(vi) You may not use a PFD system 
that requires preparatory tuning or 
calibration with a CVS or with the 
emission results from a CVS. Rather, 
you must be able to independently cali-
brate the PFD. 

(e) Dilution air temperature, dilution 
ratio, residence time, and temperature 
control of PM samples. Dilute PM sam-
ples at least once upstream of transfer 
lines. You may dilute PM samples up-
stream of a transfer line using full-flow 
dilution, or partial-flow dilution imme-
diately downstream of a PM probe. In 
the case of partial-flow dilution, you 
may have up to 26 cm of insulated 
length between the end of the probe 
and the dilution stage, but we rec-
ommend that the length be as short as 
practical. The intent of these specifica-
tions is to minimize heat transfer to or 
from the emission sample before the 
final stage of dilution, other than the 
heat you may need to add to prevent 
aqueous condensation. This is accom-
plished by initially cooling the sample 
through dilution. Configure dilution 
systems as follows: 

(1) Set the dilution air temperature 
to (25 ±5) °C. Use good engineering judg-

ment to select a location to measure 
this temperature that is as close as 
practical upstream of the point where 
dilution air mixes with raw exhaust. 

(2) For any PM dilution system (i.e., 
CVS or PFD), add dilution air to the 
raw exhaust such that the minimum 
overall ratio of diluted exhaust to raw 
exhaust is within the range of (5:1 to 
7:1) and is at least 2:1 for any primary 
dilution stage. Base this minimum 
value on the maximum engine exhaust 
flow rate for a given test interval. Ei-
ther measure the maximum exhaust 
flow during a practice run of the test 
interval or estimate it based on good 
engineering judgment (for example, 
you might rely on manufacturer-pub-
lished literature). 

(3) Configure any PM dilution system 
to have an overall residence time of (1.0 
to 5.5) s, as measured from the location 
of initial dilution air introduction to 
the location where PM is collected on 
the sample media. Also configure the 
system to have a residence time of at 
least 0.50 s, as measured from the loca-
tion of final dilution air introduction 
to the location where PM is collected 
on the sample media. When deter-
mining residence times within sam-
pling system volumes, use an assumed 
flow temperature of 25 °C and pressure 
of 101.325 kPa. 

(4) Control sample temperature to a 
(47 ±5) °C tolerance, as measured any-
where within 20 cm upstream or down-
stream of the PM storage media (such 
as a filter). Measure this temperature 
with a bare-wire junction thermo-
couple with wires that are (0.500 ±0.025) 
mm diameter, or with another suitable 
instrument that has equivalent per-
formance. 

[79 FR 23754, Apr. 28, 2014, as amended at 81 
FR 74162, Oct. 25, 2016] 

§ 1065.145 Gaseous and PM probes, 
transfer lines, and sampling system 
components. 

(a) Continuous and batch sampling. De-
termine the total mass of each con-
stituent with continuous or batch sam-
pling. Both types of sampling systems 
have probes, transfer lines, and other 
sampling system components that are 
described in this section. 

(b) Options for engines with multiple 
exhaust stacks. Measure emissions from 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00081 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



72 

40 CFR Ch. I (7–1–18 Edition) § 1065.145 

a test engine as described in this para-
graph (b) if it has multiple exhaust 
stacks. You may choose to use dif-
ferent measurement procedures for dif-
ferent pollutants under this paragraph 
(b) for a given test. For purposes of this 
part 1065, the test engine includes all 
the devices related to converting the 
chemical energy in the fuel to the en-
gine’s mechanical output energy. This 
may or may not involve vehicle- or 
equipment-based devices. For example, 
all of an engine’s cylinders are consid-
ered to be part of the test engine even 
if the exhaust is divided into separate 
exhaust stacks. As another example, 
all the cylinders of a diesel-electric lo-
comotive are considered to be part of 
the test engine even if they transmit 
power through separate output shafts, 
such as might occur with multiple en-
gine-generator sets working in tandem. 
Use one of the following procedures to 
measure emissions with multiple ex-
haust stacks: 

(1) Route the exhaust flow from the 
multiple stacks into a single flow as 
described in § 1065.130(c)(6). Sample and 
measure emissions after the exhaust 
streams are mixed. Calculate the emis-
sions as a single sample from the entire 
engine. We recommend this as the pre-
ferred option, since it requires only a 
single measurement and calculation of 
the exhaust molar flow for the entire 
engine. 

(2) Sample and measure emissions 
from each stack and calculate emis-
sions separately for each stack. Add 
the mass (or mass rate) emissions from 
each stack to calculate the emissions 
from the entire engine. Testing under 
this paragraph (b)(2) requires meas-
uring or calculating the exhaust molar 
flow for each stack separately. If the 
exhaust molar flow in each stack can-
not be calculated from combustion air 
flow(s), fuel flow(s), and measured gas-
eous emissions, and it is impractical to 
measure the exhaust molar flows di-
rectly, you may alternatively propor-
tion the engine’s calculated total ex-
haust molar flow rate (where the flow 
is calculated using combustion air 
mass flow(s), fuel mass flow(s), and 
emissions concentrations) based on ex-
haust molar flow measurements in 
each stack using a less accurate, non- 
traceable method. For example, you 

may use a total pressure probe and 
static pressure measurement in each 
stack. 

(3) Sample and measure emissions 
from one stack and repeat the duty 
cycle as needed to collect emissions 
from each stack separately. Calculate 
the emissions from each stack and add 
the separate measurements to cal-
culate the mass (or mass rate) emis-
sions from the entire engine. Testing 
under this paragraph (b)(3) requires 
measuring or calculating the exhaust 
molar flow for each stack separately. 
You may alternatively proportion the 
engine’s calculated total exhaust molar 
flow rate based on calculation and 
measurement limitations as described 
in paragraph (b)(2) of this section. Use 
the average of the engine’s total power 
or work values from the multiple test 
runs to calculate brake-specific emis-
sions. Divide the total mass (or mass 
rate) of each emission by the average 
power (or work). You may alter-
natively use the engine power or work 
associated with the corresponding 
stack during each test run if these val-
ues can be determined for each stack 
separately. 

(4) Sample and measure emissions 
from each stack separately and cal-
culate emissions for the entire engine 
based on the stack with the highest 
concentration. Testing under this para-
graph (b)(4) requires only a single ex-
haust flow measurement or calculation 
for the entire engine. You may deter-
mine which stack has the highest con-
centration by performing multiple test 
runs, reviewing the results of earlier 
tests, or using good engineering judg-
ment. Note that the highest concentra-
tion of different pollutants may occur 
in different stacks. Note also that the 
stack with the highest concentration 
of a pollutant during a test interval for 
field testing may be a different stack 
than the one you identified based on 
average concentrations over a duty 
cycle. 

(5) Sample emissions from each stack 
separately and combine the wet sample 
streams from each stack proportion-
ally to the exhaust molar flows in each 
stack. Measure the emission concentra-
tions and calculate the emissions for 
the entire engine based on these 
weighted concentrations. Testing 
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under this paragraph (b)(5) requires 
measuring or calculating the exhaust 
molar flow for each stack separately 
during the test run to proportion the 
sample streams from each stack. If it is 
impractical to measure the exhaust 
molar flows directly, you may alter-
natively proportion the wet sample 
streams based on less accurate, non- 
traceable flow methods. For example, 
you may use a total pressure probe and 
static pressure measurement in each 
stack. The following restrictions apply 
for testing under this paragraph (b)(5): 

(i) You must use an accurate, trace-
able measurement or calculation of the 
engine’s total exhaust molar flow rate 
for calculating the mass of emissions 
from the entire engine. 

(ii) You may dry the single, com-
bined, proportional sample stream; you 
may not dry the sample streams from 
each stack separately. 

(iii) You must measure and propor-
tion the sample flows from each stack 
with active flow controls. For PM sam-
pling, you must measure and propor-
tion the diluted sample flows from 
each stack with active flow controls 
that use only smooth walls with no 
sudden change in cross-sectional area. 
For example, you may control the di-
lute exhaust PM sample flows using 
electrically conductive vinyl tubing 
and a control device that pinches the 
tube over a long enough transition 
length so no flow separation occurs. 

(iv) For PM sampling, the transfer 
lines from each stack must be joined so 
the angle of the joining flows is 12.5° or 
less. Note that the exhaust manifold 
must meet the same specifications as 
the transfer line according to para-
graph (d) of this section. 

(6) Sample emissions from each stack 
separately and combine the wet sample 
streams from each stack equally. 
Measure the emission concentrations 
and calculate the emissions for the en-
tire engine based on these measured 
concentrations. Testing under this 
paragraph (b)(6) assumes that the raw- 
exhaust and sample flows are the same 
for each stack. The following restric-
tions apply for testing under this para-
graph (b)(6): 

(i) You must measure and dem-
onstrate that the sample flow from 
each stack is within 5% of the value 

from the stack with the highest sample 
flow. You may alternatively ensure 
that the stacks have equal flow rates 
without measuring sample flows by de-
signing a passive sampling system that 
meets the following requirements: 

(A) The probes and transfer line 
branches must be symmetrical, have 
equal lengths and diameters, have the 
same number of bends, and have no fil-
ters. 

(B) If probes are designed such that 
they are sensitive to stack velocity, 
the stack velocity must be similar at 
each probe. For example, a static pres-
sure probe used for gaseous sampling is 
not sensitive to stack velocity. 

(C) The stack static pressure must be 
the same at each probe. You can meet 
this requirement by placing probes at 
the end of stacks that are vented to at-
mosphere. 

(D) For PM sampling, the transfer 
lines from each stack must be joined so 
the angle of the joining flows is 12.5° or 
less. Note that the exhaust manifold 
must meet the same specifications as 
the transfer line according to para-
graph (d) of this section. 

(ii) You may use the procedure in 
this paragraph (b)(6) only if you per-
form an analysis showing that the re-
sulting error due to imbalanced stack 
flows and concentrations is either at or 
below 2%. You may alternatively show 
that the resulting error does not im-
pact your ability to demonstrate com-
pliance with applicable standards. For 
example, you may use less accurate, 
non-traceable measurements of emis-
sion concentrations and molar flow in 
each stack and demonstrate that the 
imbalances in flows and concentrations 
cause 2% or less error. 

(iii) For a two-stack engine, you may 
use the procedure in this paragraph 
(b)(6) only if you can show that the 
stack with the higher flow has the 
lower average concentration for each 
pollutant over the duty cycle. 

(iv) You must use an accurate, trace-
able measurement or calculation of the 
engine’s total exhaust molar flow rate 
for calculating the mass of emissions 
from the entire engine. 

(v) You may dry the single, equally 
combined, sample stream; you may not 
dry the sample streams from each 
stack separately. 
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(vi) You may determine your exhaust 
flow rates with a chemical balance of 
exhaust gas concentrations and either 
intake air flow or fuel flow. 

(c) Gaseous and PM sample probes. A 
probe is the first fitting in a sampling 
system. It protrudes into a raw or di-
luted exhaust stream to extract a sam-
ple, such that its inside and outside 
surfaces are in contact with the ex-
haust. A sample is transported out of a 
probe into a transfer line, as described 
in paragraph (d) of this section. The 
following provisions apply to sample 
probes: 

(1) Probe design and construction. Use 
sample probes with inside surfaces of 
300 series stainless steel or, for raw ex-
haust sampling, use any nonreactive 
material capable of withstanding raw 
exhaust temperatures. Locate sample 
probes where constituents are mixed to 
their mean sample concentration. Take 
into account the mixing of any crank-
case emissions that may be routed into 
the raw exhaust. Locate each probe to 
minimize interference with the flow to 
other probes. We recommend that all 
probes remain free from influences of 
boundary layers, wakes, and eddies— 
especially near the outlet of a raw-ex-
haust stack where unintended dilution 
might occur. Make sure that purging 
or back-flushing of a probe does not in-
fluence another probe during testing. 
You may use a single probe to extract 
a sample of more than one constituent 
as long as the probe meets all the spec-
ifications for each constituent. 

(2) Gaseous sample probes. Use either 
single-port or multi-port probes for 
sampling gaseous emissions. You may 
orient these probes in any direction 
relative to the raw or diluted exhaust 
flow. For some probes, you must con-
trol sample temperatures, as follows: 

(i) For probes that extract NOX from 
diluted exhaust, control the probe’s 
wall temperature to prevent aqueous 
condensation. 

(ii) For probes that extract hydro-
carbons for THC or NMHC analysis 
from the diluted exhaust of compres-
sion-ignition engines, two-stroke 
spark-ignition engines, or four-stroke 
spark-ignition engines at or below 19 
kW, we recommend heating the probe 
to minimize hydrocarbon contamina-
tion consistent with good engineering 

judgment. If you routinely fail the con-
tamination check in the 1065.520 pre-
test check, we recommend heating the 
probe section to approximately 190 °C 
to minimize contamination. 

(3) PM sample probes. Use PM probes 
with a single opening at the end. Ori-
ent PM probes to face directly up-
stream. If you shield a PM probe’s 
opening with a PM pre-classifier such 
as a hat, you may not use the 
preclassifier we specify in paragraph 
(f)(1) of this section. We recommend 
sizing the inside diameter of PM probes 
to approximate isokinetic sampling at 
the expected mean flow rate. 

(d) Transfer lines. You may use trans-
fer lines to transport an extracted sam-
ple from a probe to an analyzer, stor-
age medium, or dilution system, noting 
certain restrictions for PM sampling in 
§ 1065.140(e). Minimize the length of all 
transfer lines by locating analyzers, 
storage media, and dilution systems as 
close to probes as practical. We rec-
ommend that you minimize the num-
ber of bends in transfer lines and that 
you maximize the radius of any un-
avoidable bend. Avoid using 90° elbows, 
tees, and cross-fittings in transfer 
lines. Where such connections and fit-
tings are necessary, take steps, using 
good engineering judgment, to ensure 
that you meet the temperature toler-
ances in this paragraph (d). This may 
involve measuring temperature at var-
ious locations within transfer lines and 
fittings. You may use a single transfer 
line to transport a sample of more than 
one constituent, as long as the transfer 
line meets all the specifications for 
each constituent. The following con-
struction and temperature tolerances 
apply to transfer lines: 

(1) Gaseous samples. Use transfer lines 
with inside surfaces of 300 series stain-
less steel, PTFE, Viton TM, or any 
other material that you demonstrate 
has better properties for emission sam-
pling. For raw exhaust sampling, use a 
non-reactive material capable of with-
standing raw exhaust temperatures. 
You may use in-line filters if they do 
not react with exhaust constituents 
and if the filter and its housing meet 
the same temperature requirements as 
the transfer lines, as follows: 

(i) For NOX transfer lines upstream of 
either an NO2-to-NO converter that 
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meets the specifications of § 1065.378 or 
a chiller that meets the specifications 
of § 1065.376, maintain a sample tem-
perature that prevents aqueous con-
densation. 

(ii) For THC transfer lines for testing 
compression-ignition engines, two- 
stroke spark-ignition engines, or four- 
stroke spark-ignition engines at or 
below 19 kW, maintain a wall tempera-
ture tolerance throughout the entire 
line of (191 ±11) °C. If you sample from 
raw exhaust, you may connect an 
unheated, insulated transfer line di-
rectly to a probe. Design the length 
and insulation of the transfer line to 
cool the highest expected raw exhaust 
temperature to no lower than 191 °C, as 
measured at the transfer line’s outlet. 
For dilute sampling, you may use a 
transition zone between the probe and 
transfer line of up to 92 cm to allow 
your wall temperature to transition to 
(191 ±11) °C. 

(2) PM samples. We recommend heat-
ed transfer lines or a heated enclosure 
to minimize temperature differences 
between transfer lines and exhaust con-
stituents. Use transfer lines that are 
inert with respect to PM and are elec-
trically conductive on the inside sur-
faces. We recommend using PM trans-
fer lines made of 300 series stainless 
steel. Electrically ground the inside 
surface of PM transfer lines. 

(e) Optional sample-conditioning com-
ponents for gaseous sampling. You may 
use the following sample-conditioning 
components to prepare gaseous samples 
for analysis, as long as you do not in-
stall or use them in a way that ad-
versely affects your ability to show 
that your engines comply with all ap-
plicable gaseous emission standards. 

(1) NO2-to-NO converter. You may use 
an NO2-to-NO converter that meets the 
converter conversion verification spec-
ified in § 1065.378 at any point upstream 
of a NOX analyzer, sample bag, or other 
storage medium. 

(2) Sample dryer. You may use either 
type of sample dryer described in this 
paragraph (e)(2) to decrease the effects 
of water on gaseous emission measure-
ments. You may not use a chemical 
dryer, or use dryers upstream of PM 
sample filters. 

(i) Osmotic-membrane. You may use an 
osmotic-membrane dryer upstream of 

any gaseous analyzer or storage me-
dium, as long as it meets the tempera-
ture specifications in paragraph (d)(1) 
of this section. Because osmotic-mem-
brane dryers may deteriorate after pro-
longed exposure to certain exhaust 
constituents, consult with the mem-
brane manufacturer regarding your ap-
plication before incorporating an os-
motic-membrane dryer. Monitor the 
dewpoint, Tdew, and absolute pressure, 
ptotal, downstream of an osmotic-mem-
brane dryer. You may use continuously 
recorded values of Tdew and ptotal in the 
amount of water calculations specified 
in § 1065.645. For our testing we may use 
average temperature and pressure val-
ues over the test interval or a nominal 
pressure value that we estimate as the 
dryer’s average pressure expected dur-
ing testing as constant values in the 
amount of water calculations specified 
in § 1065.645. For your testing, you may 
use the maximum temperature or min-
imum pressure values observed during 
a test interval or duty cycle or the 
high alarm temperature setpoint or 
low alarm pressure setpoint as con-
stant values in the calculations speci-
fied in § 1065.645. For your testing, you 
may also use a nominal ptotal, which you 
may estimate as the dryer’s lowest ab-
solute pressure expected during test-
ing. 

(ii) Thermal chiller. You may use a 
thermal chiller upstream of some gas 
analyzers and storage media. You may 
not use a thermal chiller upstream of a 
THC measurement system for compres-
sion-ignition engines, two-stroke 
spark-ignition engines, or four-stroke 
spark-ignition engines at or below 19 
kW. If you use a thermal chiller up-
stream of an NO2-to-NO converter or in 
a sampling system without an NO2-to- 
NO converter, the chiller must meet 
the NO2 loss-performance check speci-
fied in § 1065.376. Monitor the dewpoint, 
Tdew, and absolute pressure, p total, down-
stream of a thermal chiller. You may 
use continuously recorded values of 
Tdew and ptotal in the amount of water 
calculations specified in § 1065.645. If it 
is valid to assume the degree of satura-
tion in the thermal chiller, you may 
calculate T dew based on the known 
chiller performance and continuous 
monitoring of chiller temperature, 
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Tchiller. If it is valid to assume a con-
stant temperature offset between Tchiller 
and Tdew, due to a known and fixed 
amount of sample reheat between the 
chiller outlet and the temperature 
measurement location, you may factor 
in this assumed temperature offset 
value into emission calculations. If we 
ask for it, you must show by engineer-
ing analysis or by data the validity of 
any assumptions allowed by this para-
graph (e)(2)(ii). For our testing we may 
use average temperature and pressure 
values over the test interval or a nomi-
nal pressure value that we estimate as 
the dryer’s average pressure expected 
during testing as constant values in 
the calculations specified in § 1065.645. 
For your testing you may use the max-
imum temperature and minimum pres-
sure values observed during a test in-
terval or duty cycle or the high alarm 
temperature setpoint and the low 
alarm pressure setpoint as constant 
values in the amount of water calcula-
tions specified in § 1065.645. For your 
testing you may also use a nominal 
ptotal, which you may estimate as the 
dryer’s lowest absolute pressure ex-
pected during testing. 

(3) Sample pumps. You may use sam-
ple pumps upstream of an analyzer or 
storage medium for any gas. Use sam-
ple pumps with inside surfaces of 300 
series stainless steel, PTFE, or any 
other material that you demonstrate 
has better properties for emission sam-
pling. For some sample pumps, you 
must control temperatures, as follows: 

(i) If you use a NOX sample pump up-
stream of either an NO2-to-NO con-
verter that meets § 1065.378 or a chiller 
that meets § 1065.376, it must be heated 
to prevent aqueous condensation. 

(ii) For testing compression-ignition 
engines, two-stroke spark-ignition en-
gines, or four-stroke spark-ignition en-
gines at or below 19 kW, if you use a 
THC sample pump upstream of a THC 
analyzer or storage medium, its inner 
surfaces must be heated to a tolerance 
of (191 ±11) °C. 

(4) Ammonia Scrubber. You may use 
ammonia scrubbers for any or all gas-
eous sampling systems to prevent in-
terference with NH3, poisoning of the 
NO2-to-NO converter, and deposits in 
the sampling system or analyzers. Fol-
low the ammonia scrubber manufactur-

er’s recommendations or use good engi-
neering judgment in applying ammonia 
scrubbers. 

(f) Optional sample-conditioning compo-
nents for PM sampling. You may use the 
following sample-conditioning compo-
nents to prepare PM samples for anal-
ysis, as long as you do not install or 
use them in a way that adversely af-
fects your ability to show that your en-
gines comply with the applicable PM 
emission standards. You may condition 
PM samples to minimize positive and 
negative biases to PM results, as fol-
lows: 

(1) PM preclassifier. You may use a 
PM preclassifier to remove large-di-
ameter particles. The PM preclassifier 
may be either an inertial impactor or a 
cyclonic separator. It must be con-
structed of 300 series stainless steel. 
The preclassifier must be rated to re-
move at least 50% of PM at an aero-
dynamic diameter of 10 μm and no 
more than 1% of PM at an aerodynamic 
diameter of 1 μm over the range of flow 
rates for which you use it. Follow the 
preclassifier manufacturer’s instruc-
tions for any periodic servicing that 
may be necessary to prevent a buildup 
of PM. Install the preclassifier in the 
dilution system downstream of the last 
dilution stage. Configure the 
preclassifier outlet with a means of by-
passing any PM sample media so the 
preclassifier flow may be stabilized be-
fore starting a test. Locate PM sample 
media within 75 cm downstream of the 
preclassifier’s exit. You may not use 
this preclassifier if you use a PM probe 
that already has a preclassifier. For ex-
ample, if you use a hat-shaped 
preclassifier that is located imme-
diately upstream of the probe in such a 
way that it forces the sample flow to 
change direction before entering the 
probe, you may not use any other 
preclassifier in your PM sampling sys-
tem. 

(2) Other components. You may re-
quest to use other PM conditioning 
components upstream of a PM 
preclassifier, such as components that 
condition humidity or remove gaseous- 
phase hydrocarbons from the diluted 
exhaust stream. You may use such 
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components only if we approve them 
under § 1065.10. 

[75 FR 23030, Apr. 30, 2010; 79 FR 23756, Apr. 
28, 2014] 

§ 1065.150 Continuous sampling. 
You may use continuous sampling 

techniques for measurements that in-
volve raw or dilute sampling. Make 
sure continuous sampling systems 
meet the specifications in § 1065.145. 
Make sure continuous analyzers meet 
the specifications in subparts C and D 
of this part. 

§ 1065.170 Batch sampling for gaseous 
and PM constituents. 

Batch sampling involves collecting 
and storing emissions for later anal-
ysis. Examples of batch sampling in-
clude collecting and storing gaseous 
emissions in a bag or collecting and 
storing PM on a filter. You may use 
batch sampling to store emissions that 
have been diluted at least once in some 
way, such as with CVS, PFD, or BMD. 
You may use batch-sampling to store 
undiluted emissions. 

(a) Sampling methods. If you extract 
from a constant-volume flow rate, sam-
ple at a constant-volume flow rate as 
follows: 

(1) Verify proportional sampling after 
an emission test as described in 
§ 1065.545. Use good engineering judg-
ment to select storage media that will 
not significantly change measured 
emission levels (either up or down). For 
example, do not use sample bags for 
storing emissions if the bags are per-
meable with respect to emissions or if 
they off gas emissions to the extent 
that it affects your ability to dem-
onstrate compliance with the applica-
ble gaseous emission standards. As an-
other example, do not use PM filters 
that irreversibly absorb or adsorb gases 
to the extent that it affects your abil-
ity to demonstrate compliance with 
the applicable PM emission standard. 

(2) You must follow the requirements 
in § 1065.140(e)(2) related to PM dilution 

ratios. For each filter, if you expect 
the net PM mass on the filter to exceed 
400 μg, assuming a 38 mm diameter fil-
ter stain area, you may take the fol-
lowing actions in sequence: 

(i) For discrete-mode testing only, 
you may reduce sample time as needed 
to target a filter loading of 400 μg, but 
not below the minimum sample time 
specified in the standard-setting part. 

(ii) Reduce filter face velocity as 
needed to target a filter loading of 400 
μg, down to 50 cm/s or less. 

(iii) Increase overall dilution ratio 
above the values specified in 
§ 1065.140(e)(2) to target a filter loading 
of 400 μg. 

(b) Gaseous sample storage media. 
Store gas volumes in sufficiently clean 
containers that minimally off-gas or 
allow permeation of gases. Use good en-
gineering judgment to determine ac-
ceptable thresholds of storage media 
cleanliness and permeation. To clean a 
container, you may repeatedly purge 
and evacuate a container and you may 
heat it. Use a flexible container (such 
as a bag) within a temperature-con-
trolled environment, or use a tempera-
ture controlled rigid container that is 
initially evacuated or has a volume 
that can be displaced, such as a piston 
and cylinder arrangement. Use con-
tainers meeting the specifications in 
the Table 1 of this section, noting that 
you may request to use other container 
materials under § 1065.10. Sample tem-
peratures must stay within the fol-
lowing ranges for each container mate-
rial: 

(1) Up to 40 °C for Tedlar TM and 
Kynar TM.. 

(2) (191 ±11) °C for Teflon TM and 300 
series stainless steel used with meas-
uring THC or NMHC from compression- 
ignition engines, two-stroke spark-ig-
nition engines, and four-stroke spark- 
ignition engines at or below 19 kW. For 
all other engines and pollutants, these 
materials may be used for sample tem-
peratures up to 202 °C. 
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TABLE 1 OF § 1065.170—CONTAINER MATERIALS FOR GASEOUS BATCH SAMPLING 

Emissions 

Engine type 

Compression-ignition 
Two-stroke spark-ignition 

Four-stroke spark-ignition at or below 19 
kW 

All other engines 

CO, CO2, O2, CH4, C2H6, C3H8, NO, 
NO2, N2O.

Tedlar TM, Kynar TM, Teflon TM, or 300 se-
ries stainless steel.

Tedlar TM, Kynar TM, Teflon TM, or 300 se-
ries stainless steel. 

THC, NMHC ............................................. Teflon TM or 300 series stainless steel .... Tedlar TM, Kynar TM, Teflon TM, or 300 se-
ries stainless steel. 

(c) PM sample media. Apply the fol-
lowing methods for sampling particu-
late emissions: 

(1) If you use filter-based sampling 
media to extract and store PM for 
measurement, your procedure must 
meet the following specifications: 

(i) If you expect that a filter’s total 
surface concentration of PM will ex-
ceed 400 μg, assuming a 38 mm diameter 
filter stain area, for a given test inter-
val, you may use filter media with a 
minimum initial collection efficiency 
of 98%; otherwise you must use a filter 
media with a minimum initial collec-
tion efficiency of 99.7%. Collection effi-
ciency must be measured as described 
in ASTM D2986 (incorporated by ref-
erence in § 1065.1010), though you may 
rely on the sample-media manufactur-
er’s measurements reflected in their 
product ratings to show that you meet 
this requirement. 

(ii) The filter must be circular, with 
an overall diameter of 46.50 ±0.6 mm 
and an exposed diameter of at least 38 
mm. See the cassette specifications in 
paragraph (c)(1)(vii) of this section. 

(iii) We highly recommend that you 
use a pure PTFE filter material that 
does not have any flow-through sup-
port bonded to the back and has an 
overall thickness of 40 ±20 μm. An inert 
polymer ring may be bonded to the pe-
riphery of the filter material for sup-
port and for sealing between the filter 
cassette parts. We consider 
Polymethylpentene (PMP) and PTFE 
inert materials for a support ring, but 
other inert materials may be used. See 
the cassette specifications in para-
graph (c)(1)(vii) of this section. We 
allow the use of PTFE-coated glass 
fiber filter material, as long as this fil-
ter media selection does not affect 
your ability to demonstrate compli-
ance with the applicable standards, 

which we base on a pure PTFE filter 
material. Note that we will use pure 
PTFE filter material for compliance 
testing, and we may require you to use 
pure PTFE filter material for any com-
pliance testing we require, such as for 
selective enforcement audits. 

(iv) You may request to use other fil-
ter materials or sizes under the provi-
sions of § 1065.10. 

(v) To minimize turbulent deposition 
and to deposit PM evenly on a filter, 
use a filter holder with a 12.5° (from 
center) divergent cone angle to transi-
tion from the transfer-line inside di-
ameter to the exposed diameter of the 
filter face. Use 300 series stainless steel 
for this transition. 

(vi) Maintain a filter face velocity 
near 100 cm/s with less than 5% of the 
recorded flow values exceeding 100 cm/ 
s, unless you expect the net PM mass 
on the filter to exceed 400 μg, assuming 
a 38 mm diameter filter stain area. 
Measure face velocity as the volu-
metric flow rate of the sample at the 
pressure upstream of the filter and 
temperature of the filter face as meas-
ured in § 1065.140(e), divided by the fil-
ter’s exposed area. You may use the ex-
haust stack or CVS tunnel pressure for 
the upstream pressure if the pressure 
drop through the PM sampler up to the 
filter is less than 2 kPa. 

(vii) Use a clean cassette designed to 
the specifications of Figure 1 of 
§ 1065.170. In auto changer configura-
tions, you may use cassettes of similar 
design. Cassettes must be made of one 
of the following materials: Delrin TM, 
300 series stainless steel, 
polycarbonate, acrylonitrile-butadiene- 
styrene (ABS) resin, or conductive 
polypropylene. We recommend that 
you keep filter cassettes clean by peri-
odically washing or wiping them with a 
compatible solvent applied using a 
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lint-free cloth. Depending upon your 
cassette material, ethanol (C2H5OH) 
might be an acceptable solvent. Your 
cleaning frequency will depend on your 
engine’s PM and HC emissions. 

(viii) If you keep the cassette in the 
filter holder after sampling, prevent 
flow through the filter until either the 
holder or cassette is removed from the 
PM sampler. If you remove the cas-
settes from filter holders after sam-
pling, transfer the cassette to an indi-
vidual container that is covered or 
sealed to prevent communication of 
semi-volatile matter from one filter to 
another. If you remove the filter hold-
er, cap the inlet and outlet. Keep them 

covered or sealed until they return to 
the stabilization or weighing environ-
ments. 

(ix) The filters should not be handled 
outside of the PM stabilization and 
weighing environments and should be 
loaded into cassettes, filter holders, or 
auto changer apparatus before removal 
from these environments. 

(2) You may use other PM sample 
media that we approve under § 1065.10, 
including non-filtering techniques. For 
example, you might deposit PM on an 
inert substrate that collects PM using 
electrostatic, thermophoresis, inertia, 
diffusion, or some other deposition 
mechanism, as approved. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37298, June 30, 2008; 73 FR 59321, Oct. 8, 
2008; 76 FR 57440, Sept. 15, 2011;79 FR 23757, 
Apr. 28, 2014; 81 FR 74162, Oct. 25, 2016] 

§ 1065.190 PM-stabilization and weigh-
ing environments for gravimetric 
analysis. 

(a) This section describes the two en-
vironments required to stabilize and 
weigh PM for gravimetric analysis: the 
PM stabilization environment, where 
filters are stored before weighing; and 
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the weighing environment, where the 
balance is located. The two environ-
ments may share a common space. 
These volumes may be one or more 
rooms, or they may be much smaller, 
such as a glove box or an automated 
weighing system consisting of one or 
more countertop-sized environments. 

(b) We recommend that you keep 
both the stabilization and the weighing 
environments free of ambient contami-
nants, such as dust, aerosols, or semi- 
volatile material that could contami-
nate PM samples. We recommend that 
these environments conform with an 
‘‘as-built’’ Class Six clean room speci-
fication according to ISO 14644–1 (in-
corporated by reference in § 1065.1010); 
however, we also recommend that you 
deviate from ISO 14644–1 as necessary 
to minimize air motion that might af-
fect weighing. We recommend max-
imum air-supply and air-return veloci-
ties of 0.05 m/s in the weighing environ-
ment. 

(c) Verify the cleanliness of the PM- 
stabilization environment using ref-
erence filters, as described in 
§ 1065.390(d). 

(d) Maintain the following ambient 
conditions within the two environ-

ments during all stabilization and 
weighing: 

(1) Ambient temperature and tolerances. 
Maintain the weighing environment at 
a tolerance of (22 ±1) °C. If the two en-
vironments share a common space, 
maintain both environments at a toler-
ance of (22 ±1) °C. If they are separate, 
maintain the stabilization environ-
ment at a tolerance of (22 ±3) °C. 

(2) Dewpoint. Maintain a dewpoint of 
9.5 °C in both environments. This dew-
point will control the amount of water 
associated with sulfuric acid (H2SO4) 
PM, such that 1.2216 grams of water 
will be associated with each gram of 
H2SO4. 

(3) Dewpoint tolerances. If the ex-
pected fraction of sulfuric acid in PM 
is unknown, we recommend controlling 
dewpoint at within ±1 °C tolerance. 
This would limit any dewpoint-related 
change in PM to less than ±2%, even for 
PM that is 50% sulfuric acid. If you 
know your expected fraction of sulfuric 
acid in PM, we recommend that you se-
lect an appropriate dewpoint tolerance 
for showing compliance with emission 
standards using the following table as 
a guide: 

TABLE 1 OF § 1065.190—DEWPOINT TOLERANCE AS A FUNCTION OF % PM CHANGE AND % 
SULFURIC ACID PM 

Expected sulfuric acid fraction of PM ±0.5% PM mass 
change 

±1% PM mass 
change 

±2% PM mass 
change 

5% ....................................................................................................... ±3 °C .................. ±6 °C .................. ±12 °C 
50% ..................................................................................................... ±0.3 °C ............... ±0.6 °C ............... ±1.2 °C 
100% ................................................................................................... ±0.15 °C ............. ±0.3 °C ............... ±0.6 °C 

(e) Verify the following ambient con-
ditions using measurement instru-
ments that meet the specifications in 
subpart C of this part: 

(1) Continuously measure dewpoint 
and ambient temperature. Use these 
values to determine if the stabilization 
and weighing environments have re-
mained within the tolerances specified 
in paragraph (d) of this section for at 
least 60 min. before weighing sample 
media (e.g., filters). We recommend 
that you use an interlock that auto-
matically prevents the balance from 
reporting values if either of the envi-
ronments have not been within the ap-
plicable tolerances for the past 60 min. 

(2) Continuously measure atmos-
pheric pressure within the weighing en-
vironment. An acceptable alternative 
is to use a barometer that measures at-
mospheric pressure outside the weigh-
ing environment, as long as you can 
ensure that atmospheric pressure at 
the balance is always within ±100 Pa of 
that outside environment during 
weighing operations. Record atmos-
pheric pressure as you weigh filters, 
and use these pressure values to per-
form the buoyancy correction in 
§ 1065.690. 

(f) We recommend that you install a 
balance as follows: 
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(1) Install the balance on a vibration- 
isolation platform to isolate it from 
external noise and vibration. 

(2) Shield the balance from convec-
tive airflow with a static-dissipating 
draft shield that is electrically ground-
ed. 

(3) Follow the balance manufactur-
er’s specifications for all preventive 
maintenance. 

(4) Operate the balance manually or 
as part of an automated weighing sys-
tem. 

(g) Minimize static electric charge in 
the balance environment, as follows: 

(1) Electrically ground the balance. 
(2) Use 300 series stainless steel 

tweezers if PM sample media (e.g., fil-
ters) must be handled manually. 

(3) Ground tweezers with a grounding 
strap, or provide a grounding strap for 
the operator such that the grounding 
strap shares a common ground with the 
balance. Make sure grounding straps 
have an appropriate resistor to protect 
operators from accidental shock. 

(4) Provide a static-electricity neu-
tralizer that is electrically grounded in 
common with the balance to remove 
static charge from PM sample media 
(e.g., filters), as follows: 

(i) You may use radioactive neutral-
izers such as a Polonium(210Po) source. 
Replace radioactive sources at the in-
tervals recommended by the neutral-
izer manufacturer. 

(ii) You may use other neutralizers, 
such as corona-discharge ionizers. If 
you use a corona-discharge ionizer, we 
recommend that you monitor it for 
neutral net charge according to the 
ionizer manufacturer’s recommenda-
tions. 

(5) We recommend that you use a de-
vice to monitor the static charge of PM 
sample media (e.g., filter) surface. 

(6) We recommend that you neu-
tralize PM sample media (e.g., filters) 
to within ±2.0 V of neutral. Measure 
static voltages as follows: 

(i) Measure static voltage of PM sam-
ple media (e.g., filters) according to the 
electrostatic voltmeter manufacturer’s 
instructions. 

(ii) Measure static voltage of PM 
sample media (e.g., filters) while the 
media is at least 15 cm away from any 

grounded surfaces to avoid mirror 
image charge interference. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37299, June 30, 2008; 73 FR 59323, Oct. 8, 
2008; 76 FR 57440, Sept. 15, 2011] 

§ 1065.195 PM-stabilization environ-
ment for in-situ analyzers. 

(a) This section describes the envi-
ronment required to determine PM in- 
situ. For in-situ analyzers, such as an 
inertial balance, this is the environ-
ment within a PM sampling system 
that surrounds the PM sample media 
(e.g., filters). This is typically a very 
small volume. 

(b) Maintain the environment free of 
ambient contaminants, such as dust, 
aerosols, or semi-volatile material that 
could contaminate PM samples. Filter 
all air used for stabilization with 
HEPA filters. Ensure that HEPA filters 
are installed properly so that back-
ground PM does not leak past the 
HEPA filters. 

(c) Maintain the following thermo-
dynamic conditions within the environ-
ment before measuring PM: 

(1) Ambient temperature. Select a 
nominal ambient temperature, Tamb, be-
tween (42 and 52) °C. Maintain the am-
bient temperature within ±1.0 °C of the 
selected nominal value. 

(2) Dewpoint. Select a dewpoint, Tdew, 
that corresponds to Tamb such that Tdew 
= (0.95Tamb¥11.40) °C. The resulting 
dewpoint will control the amount of 
water associated with sulfuric acid 
(H2SO4) PM, such that 1.1368 grams of 
water will be associated with each 
gram of H2SO4. For example, if you se-
lect a nominal ambient temperature of 
47 °C, set a dewpoint of 33.3 °C. 

(3) Dewpoint tolerance. If the expected 
fraction of sulfuric acid in PM is un-
known, we recommend controlling dew-
point within ±1.0 °C. This would limit 
any dewpoint-related change in PM to 
less than ±2%, even for PM that is 50% 
sulfuric acid. If you know your ex-
pected fraction of sulfuric acid in PM, 
we recommend that you select an ap-
propriate dewpoint tolerance for show-
ing compliance with emission stand-
ards using Table 1 of § 1065.190 as a 
guide: 
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(4) Absolute pressure. Use good engi-
neering judgment to maintain a toler-
ance of absolute pressure if your PM 
measurement instrument requires it. 

(d) Continuously measure dewpoint, 
temperature, and pressure using meas-
urement instruments that meet the 
PM-stabilization environment speci-
fications in subpart C of this part. Use 
these values to determine if the in-situ 
stabilization environment is within the 
tolerances specified in paragraph (c) of 
this section. Do not use any PM quan-
tities that are recorded when any of 
these parameters exceed the applicable 
tolerances. 

(e) If you use an inertial PM balance, 
we recommend that you install it as 
follows: 

(1) Isolate the balance from any ex-
ternal noise and vibration that is with-
in a frequency range that could affect 
the balance. 

(2) Follow the balance manufactur-
er’s specifications. 

(f) If static electricity affects an in-
ertial balance, you may use a static 
neutralizer, as follows: 

(1) You may use a radioactive neu-
tralizer such as a Polonium (210Po) 
source or a Krypton (85Kr) source. Re-
place radioactive sources at the inter-
vals recommended by the neutralizer 
manufacturer. 

(2) You may use other neutralizers, 
such as a corona-discharge ionizer. If 
you use a corona-discharge ionizer, we 
recommend that you monitor it for 
neutral net charge according to the 
ionizer manufacturer’s recommenda-
tions. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 32799, June 30, 2008] 

Subpart C—Measurement 
Instruments 

§ 1065.201 Overview and general provi-
sions. 

(a) Scope. This subpart specifies 
measurement instruments and associ-
ated system requirements related to 
emission testing in a laboratory or 
similar environment and in the field. 
This includes laboratory instruments 
and portable emission measurement 
systems (PEMS) for measuring engine 
parameters, ambient conditions, flow- 

related parameters, and emission con-
centrations. 

(b) Instrument types. You may use any 
of the specified instruments as de-
scribed in this subpart to perform 
emission tests. If you want to use one 
of these instruments in a way that is 
not specified in this subpart, or if you 
want to use a different instrument, you 
must first get us to approve your alter-
nate procedure under § 1065.10. Where 
we specify more than one instrument 
for a particular measurement, we may 
identify which instrument serves as 
the reference for comparing with an al-
ternate procedure. You may generally 
use instruments with compensation al-
gorithms that are functions of other 
gaseous measurements and the known 
or assumed fuel properties for the test 
fuel. The target value for any com-
pensation algorithm is 0% (that is, no 
bias high and no bias low), regardless 
of the uncompensated signal’s bias. 

(c) Measurement systems. Assemble a 
system of measurement instruments 
that allows you to show that your en-
gines comply with the applicable emis-
sion standards, using good engineering 
judgment. When selecting instruments, 
consider how conditions such as vibra-
tion, temperature, pressure, humidity, 
viscosity, specific heat, and exhaust 
composition (including trace con-
centrations) may affect instrument 
compatibility and performance. 

(d) Redundant systems. For all meas-
urement instruments described in this 
subpart, you may use data from mul-
tiple instruments to calculate test re-
sults for a single test. If you use redun-
dant systems, use good engineering 
judgment to use multiple measured 
values in calculations or to disregard 
individual measurements. Note that 
you must keep your results from all 
measurements. This requirement ap-
plies whether or not you actually use 
the measurements in your calcula-
tions. 

(e) Range. You may use an instru-
ment’s response above 100% of its oper-
ating range if this does not affect your 
ability to show that your engines com-
ply with the applicable emission stand-
ards. Note that we require additional 
testing and reporting if an analyzer re-
sponds above 100% of its range. Auto- 
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ranging analyzers do not require addi-
tional testing or reporting. 

(f) Related subparts for laboratory test-
ing. Subpart D of this part describes 
how to evaluate the performance of the 
measurement instruments in this sub-
part. In general, if an instrument is 
specified in a specific section of this 
subpart, its calibration and 
verifications are typically specified in 
a similarly numbered section in sub-
part D of this part. For example, 
§ 1065.290 gives instrument specifica-
tions for PM balances and § 1065.390 de-
scribes the corresponding calibrations 
and verifications. Note that some in-
struments also have other require-
ments in other sections of subpart D of 
this part. Subpart B of this part identi-
fies specifications for other types of 
equipment, and subpart H of this part 
specifies engine fluids and analytical 
gases. 

(g) Field testing and testing with 
PEMS. Subpart J of this part describes 
how to use these and other measure-
ment instruments for field testing and 
other PEMS testing. 

(h) Recommended practices. This sub-
part identifies a variety of rec-
ommended but not required practices 
for proper measurements. We believe in 
most cases it is necessary to follow 
these recommended practices for accu-
rate and repeatable measurements. 
However, we do not specifically require 

you to follow these recommended prac-
tices to perform a valid test, as long as 
you meet the required calibrations and 
verifications of measurement systems 
specified in subpart D of this part. 
Similarly, we are not required to fol-
low all recommended practices, as long 
as we meet the required calibrations 
and verifications. Our decision to fol-
low or not follow a given recommenda-
tion when we perform a test does not 
depend on whether you followed it dur-
ing your testing. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37299, June 30, 2008; 75 FR 23033, Apr. 30, 
2010; 79 FR 23758, Apr. 29, 2014] 

§ 1065.202 Data updating, recording, 
and control. 

Your test system must be able to up-
date data, record data and control sys-
tems related to operator demand, the 
dynamometer, sampling equipment, 
and measurement instruments. Set up 
the measurement and recording equip-
ment to avoid aliasing by ensuring 
that the sampling frequency is at least 
double that of the signal you are meas-
uring, consistent with good engineer-
ing judgment; this may require in-
creasing the sampling rate or filtering 
the signal. Use data acquisition and 
control systems that can record at the 
specified minimum frequencies, as fol-
lows: 

TABLE 1 OF § 1065.202—DATA RECORDING AND CONTROL MINIMUM FREQUENCIES 

Applicable test protocol section Measured values 

Minimum 
command and con-

trol 
frequency a 

Minimum 
recording 

frequency b c 

§ 1065.510 ........................................ Speed and torque during an engine 
step-map.

1 Hz ....................... 1 mean value per step. 

§ 1065.510 ........................................ Speed and torque during an engine 
sweep-map.

5 Hz ....................... 1 Hz means. 

§ 1065.514; § 1065.530 .................... Transient duty cycle reference and 
feedback speeds and torques.

5 Hz ....................... 1 Hz means. 

§ 1065.514; § 1065.530 .................... Steady-state and ramped-modal duty 
cycle reference and feedback 
speeds and torques.

1 Hz ....................... 1 Hz. 

§ 1065.520; § 1065.530; § 1065.550 Continuous concentrations of raw or 
dilute analyzers.

................................ 1 Hz. 

§ 1065.520; § 1065.530 § 1065.550 Batch concentrations of raw or dilute 
analyzers.

................................ 1 mean value per test inter-
val. 

§ 1065.530; § 1065.545 .................... Diluted exhaust flow rate from a CVS 
with a heat exchanger upstream of 
the flow measurement.

................................ 1 Hz. 

§ 1065.530; § 1065.545 .................... Diluted exhaust flow rate from a CVS 
without a heat exchanger upstream 
of the flow measurement.

5 Hz ....................... 1 Hz means. 

§ 1065.530; § 1065.545 .................... Intake-air or raw-exhaust flow rate .... ................................ 1 Hz means. 
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TABLE 1 OF § 1065.202—DATA RECORDING AND CONTROL MINIMUM FREQUENCIES—Continued 

Applicable test protocol section Measured values 

Minimum 
command and con-

trol 
frequency a 

Minimum 
recording 

frequency b c 

§ 1065.530; § 1065.545 .................... Dilution air flow if actively controlled 
(for example, a partial-flow PM 
sampling system) d.

5 Hz ....................... 1 Hz means. 

§ 1065.530; § 1065.545 .................... Sample flow from a CVS that has a 
heat exchanger.

1 Hz ....................... 1 Hz. 

§ 1065.530; § 1065.545 .................... Sample flow from a CVS that does 
not have a heat exchanger.

5 Hz ....................... 1 Hz means. 

a The specifications for minimum command and control frequency do not apply for CFVs that are not using active control. 
b 1 Hz means are data reported from the instrument at a higher frequency, but recorded as a series of 1 s mean values at a 

rate of 1 Hz. 
c For CFVs in a CVS, the minimum recording frequency is 1 Hz. The minimum recording frequency does not apply for CFVs 

used to control sampling from a CVS utilizing CFVs. 
d Dilution air flow specifications do not apply for CVS dilution air. 

[79 FR 23759, Apr. 28, 2014, as amended at 81 FR 74162, Oct. 25, 2016] 

§ 1065.205 Performance specifications 
for measurement instruments. 

Your test system as a whole must 
meet all the calibrations, verifications, 
and test-validation criteria specified 
outside this section for laboratory test-
ing or field testing, as applicable. We 
recommend that your instruments 

meet the specifications in Table 1 of 
this section for all ranges you use for 
testing. We also recommend that you 
keep any documentation you receive 
from instrument manufacturers show-
ing that your instruments meet the 
specifications in Table 1 of this sec-
tion. 

TABLE 1 OF § 1065.205—RECOMMENDED PERFORMANCE SPECIFICATIONS FOR MEASUREMENT 
INSTRUMENTS 

Measurement instru-
ment 

Measured 
quantity symbol 

Complete sys-
tem rise time 

(t10–90) and fall 
time (t90–10) a 

Recording up-
date frequency Accuracy b Repeatability b Noise b 

Engine speed trans-
ducer.

fn ..................... 1 s ................... 1 Hz means .... 2% of pt. or 
0.5% of max.

1% of pt. or 
0.25% of 
max.

0.05% of max. 

Engine torque trans-
ducer.

T ..................... 1 s ................... 1 Hz means .... 2% of pt. or 
1% of max.

1% of pt. or 
0.5% of max.

0.05% of max. 

Electrical work (ac-
tive-power meter).

W .................... 1 s ................... 1 Hz means .... 2% of pt. or 
0.5% of max.

1% of pt. or 
0.25% of 
max.

0.05% of max. 

General pressure 
transducer (not a 
part of another in-
strument).

p ...................... 5 s ................... 1 Hz ................ 2% of pt. or 
1% of max.

1% of pt. or 
0.5% of max.

0.1% of max. 

Atmospheric pres-
sure meter for PM- 
stabilization and 
balance environ-
ments.

patmos ............... 50 s ................. 5 times per 
hour.

50 Pa .............. 25 Pa .............. 5 Pa 

General purpose at-
mospheric pres-
sure meter.

patmos ............... 50 s ................. 5 times per 
hour.

250 Pa ............ 100Pa ............. 50 Pa 

Temperature sensor 
for PM-stabiliza-
tion and balance 
environments.

T ..................... 50 s ................. 0.1 Hz ............. 0.25 K ............. 0.1 K ............... 0.1 K 

Other temperature 
sensor (not a part 
of another instru-
ment).

T ..................... 10 s ................. 0.5 Hz ............. 0.4% of pt. K 
or 0.2% of 
max K.

0.2% of pt. K 
or 0.1% of 
max K.

0.1% of max. 

Dewpoint sensor for 
intake air, PM-sta-
bilization and bal-
ance environments.

Tdew ................. 50 s ................. 0.1 Hz ............. 0.25 K ............. 0.1 K ............... 0.02 K 
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TABLE 1 OF § 1065.205—RECOMMENDED PERFORMANCE SPECIFICATIONS FOR MEASUREMENT 
INSTRUMENTS—Continued 

Measurement instru-
ment 

Measured 
quantity symbol 

Complete sys-
tem rise time 

(t10–90) and fall 
time (t90–10) a 

Recording up-
date frequency Accuracy b Repeatability b Noise b 

Other dewpoint sen-
sor.

Tdew ................. 50 s ................. 0.1 Hz ............. 1 K .................. 0.5 K ............... 0.1 K 

Fuel flow meter c 
(Fuel totalizer).

ṁ ..................... 5 s ...................
(—) 

1 Hz ................
(—) 

2% of pt. or 
1.5% of max.

1% of pt. or 
0.75% of 
max.

0.5% of max. 

Total diluted exhaust 
meter (CVS) c 
(With heat ex-
changer before 
meter).

ṅ ...................... 1 s ...................
(5 s) 

1 Hz means ....
(1 Hz) 

2% of pt. or 
1.5% of max.

1% of pt. or 
0.75% of 
max.

1% of max. 

Dilution air, inlet air, 
exhaust, and sam-
ple flow meters c.

ṅ ...................... 1 s ................... 1 Hz means of 
5 Hz sam-
ples.

2.5% of pt. or 
1.5% of max.

1.25% of pt. or 
0.75% of 
max.

1% of max. 

Continuous gas ana-
lyzer.

x ...................... 5 s ................... 1 Hz ................ 2% of pt. or 
2% of meas.

1% of pt. or 
1% of meas.

1% of max. 

Batch gas analyzer .. x ...................... ......................... ......................... 2% of pt. or 
2% of meas.

1% of pt. or 
1% of meas.

1% of max. 

Gravimetric PM bal-
ance.

mPM ................ ......................... ......................... See § 1065.790 0.5 μg 

Inertial PM balance mPM ................ 5 s ................... 1 Hz ................ 2% of pt. or 
2% of meas.

1% of pt. or 
1% of meas.

0.2% of max 

a The performance specifications identified in the table apply separately for rise time and fall time. 
b Accuracy, repeatability, and noise are all determined with the same collected data, as described in § 1065.305, and based on 

absolute values. ‘‘pt.’’ refers to the overall flow-weighted mean value expected at the standard; ‘‘max’’ refers to the peak value 
expected at the standard over any test interval, not the maximum of the instrument’s range; ‘‘meas’’ refers to the actual flow- 
weighted mean measured over any test interval. 

c The procedure for accuracy, repeatability and noise measurement described in § 1065.305 may be modified for flow meters 
to allow noise to be measured at the lowest calibrated value instead of zero flow rate. 

[79 FR 23759, Apr. 28, 2014] 

MEASUREMENT OF ENGINE PARAMETERS 
AND AMBIENT CONDITIONS 

§ 1065.210 Work input and output sen-
sors. 

(a) Application. Use instruments as 
specified in this section to measure 
work inputs and outputs during engine 
operation. We recommend that you use 
sensors, transducers, and meters that 
meet the specifications in Table 1 of 
§ 1065.205. Note that your overall sys-
tems for measuring work inputs and 
outputs must meet the linearity 
verifications in § 1065.307. We rec-
ommend that you measure work inputs 
and outputs where they cross the sys-
tem boundary as shown in Figure 1 of 
§ 1065.210. The system boundary is dif-
ferent for air-cooled engines than for 
liquid-cooled engines. If you choose to 
measure work before or after a work 
conversion, relative to the system 
boundary, use good engineering judg-
ment to estimate any work-conversion 
losses in a way that avoids overestima-
tion of total work. For example, if it is 

impractical to instrument the shaft of 
an exhaust turbine generating elec-
trical work, you may decide to meas-
ure its converted electrical work. As 
another example, you may decide to 
measure the tractive (i.e., electrical 
output) power of a locomotive, rather 
than the brake power of the locomotive 
engine. In these cases, divide the elec-
trical work by accurate values of elec-
trical generator efficiency (h<1), or as-
sume an efficiency of 1 (h = 1), which 
would over-estimate brake-specific 
emissions. For the example of using lo-
comotive tractive power with a gener-
ator efficiency of 1 (h = 1), this means 
using the tractive power as the brake 
power in emission calculations. Do not 
underestimate any work conversion ef-
ficiencies for any components outside 
the system boundary that do not re-
turn work into the system boundary. 
And do not overestimate any work con-
version efficiencies for components 
outside the system boundary that do 
return work into the system boundary. 
In all cases, ensure that you are able to 
accurately demonstrate compliance 
with the applicable standards. 
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(b) Shaft work. Use speed and torque 
transducer outputs to calculate total 
work according to § 1065.650. 

(1) Speed. Use a magnetic or optical 
shaft-position detector with a resolu-
tion of at least 60 counts per revolu-
tion, in combination with a frequency 
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counter that rejects common-mode 
noise. 

(2) Torque. You may use a variety of 
methods to determine engine torque. 
As needed, and based on good engineer-
ing judgment, compensate for torque 
induced by the inertia of accelerating 
and decelerating components con-
nected to the flywheel, such as the 
drive shaft and dynamometer rotor. 
Use any of the following methods to de-
termine engine torque: 

(i) Measure torque by mounting a 
strain gage or similar instrument in- 
line between the engine and dynamom-
eter. 

(ii) Measure torque by mounting a 
strain gage or similar instrument on a 
lever arm connected to the dynamom-
eter housing. 

(iii) Calculate torque from internal 
dynamometer signals, such as arma-
ture current, as long as you calibrate 
this measurement as described in 
§ 1065.310. 

(c) Electrical work. Use a watt-hour 
meter output to calculate total work 
according to § 1065.650. Use a watt-hour 
meter that outputs active power. Watt- 
hour meters typically combine a 
Wheatstone bridge voltmeter and a 
Hall-effect clamp-on ammeter into a 
single microprocessor-based instru-
ment that analyzes and outputs several 
parameters, such as alternating or di-
rect current voltage, current, power 
factor, apparent power, reactive power, 
and active power. 

(d) Pump, compressor or turbine work. 
Use pressure transducer and flow-meter 
outputs to calculate total work accord-
ing to § 1065.650. For flow meters, see 
§§ 1065.220 through 1065.248. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37300, June 30, 2008; 79 FR 23760, Apr. 28, 
2014] 

§ 1065.215 Pressure transducers, tem-
perature sensors, and dewpoint sen-
sors. 

(a) Application. Use instruments as 
specified in this section to measure 
pressure, temperature, and dewpoint. 

(b) Component requirements. We rec-
ommend that you use pressure trans-
ducers, temperature sensors, and dew-
point sensors that meet the specifica-
tions in Table 1 of § 1065.205. Note that 
your overall systems for measuring 

pressure, temperature, and dewpoint 
must meet the calibration and 
verifications in § 1065.315. 

(c) Temperature. For PM-balance en-
vironments or other precision tempera-
ture measurements over a narrow tem-
perature range, we recommend therm-
istors. For other applications we rec-
ommend thermocouples that are not 
grounded to the thermocouple sheath. 
You may use other temperature sen-
sors, such as resistive temperature de-
tectors (RTDs). 

(d) Pressure. Pressure transducers 
must be located in a temperature-con-
trolled environment, or they must 
compensate for temperature changes 
over their expected operating range. 
Transducer materials must be compat-
ible with the fluid being measured. For 
atmospheric pressure or other preci-
sion pressure measurements, we rec-
ommend either capacitance-type, 
quartz crystal, or laser-interferometer 
transducers. For other applications, we 
recommend either strain gage or ca-
pacitance-type pressure transducers. 
You may use other pressure-measure-
ment instruments, such as 
manometers, where appropriate. 

(e) Dewpoint. For PM-stabilization 
environments, we recommend chilled- 
surface hygrometers, which include 
chilled mirror detectors and chilled 
surface acoustic wave (SAW) detectors. 
For other applications, we recommend 
thin-film capacitance sensors. You may 
use other dewpoint sensors, such as a 
wet-bulb/dry-bulb psychrometer, where 
appropriate. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37300, June 30, 2008] 

FLOW-RELATED MEASUREMENTS 

§ 1065.220 Fuel flow meter. 

(a) Application. You may use fuel flow 
in combination with a chemical bal-
ance of fuel, inlet air, and raw exhaust 
to calculate raw exhaust flow as de-
scribed in § 1065.655(f), as follows: 

(1) Use the actual value of calculated 
raw exhaust flow rate in the following 
cases: 

(i) For multiplying raw exhaust flow 
rate with continuously sampled con-
centrations. 
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(ii) For multiplying total raw ex-
haust flow with batch-sampled con-
centrations. 

(iii) For calculating the dilution air 
flow for background correction as de-
scribed in § 1065.667. 

(2) In the following cases, you may 
use a fuel flow meter signal that does 
not give the actual value of raw ex-
haust, as long as it is linearly propor-
tional to the exhaust molar flow rate’s 
actual calculated value: 

(i) For feedback control of a propor-
tional sampling system, such as a par-
tial-flow dilution system. 

(ii) For multiplying with continu-
ously sampled gas concentrations, if 
the same signal is used in a chemical- 
balance calculation to determine work 
from brake-specific fuel consumption 
and fuel consumed. 

(b) Component requirements. We rec-
ommend that you use a fuel flow meter 
that meets the specifications in Table 1 
of § 1065.205. We recommend a fuel flow 
meter that measures mass directly, 
such as one that relies on gravimetric 
or inertial measurement principles. 
This may involve using a meter with 
one or more scales for weighing fuel or 
using a Coriolis meter. Note that your 
overall system for measuring fuel flow 
must meet the linearity verification in 
§ 1065.307 and the calibration and 
verifications in § 1065.320. 

(c) Recirculating fuel. In any fuel-flow 
measurement, account for any fuel 
that bypasses the engine or returns 
from the engine to the fuel storage 
tank. 

(d) Flow conditioning. For any type of 
fuel flow meter, condition the flow as 
needed to prevent wakes, eddies, circu-
lating flows, or flow pulsations from af-
fecting the accuracy or repeatability of 
the meter. You may accomplish this by 
using a sufficient length of straight 
tubing (such as a length equal to at 
least 10 pipe diameters) or by using 
specially designed tubing bends, 
straightening fins, or pneumatic pulsa-
tion dampeners to establish a steady 
and predictable velocity profile up-
stream of the meter. Condition the 
flow as needed to prevent any gas bub-

bles in the fuel from affecting the fuel 
meter. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37300, June 30, 2008; 76 FR 57441, Sept. 15, 
2011; 81 FR 74162, Oct. 25, 2016] 

§ 1065.225 Intake-air flow meter. 

(a) Application. You may use an in-
take-air flow meter in combination 
with a chemical balance of fuel, inlet 
air, and exhaust to calculate raw ex-
haust flow as described in § 1065.655(f) 
and (g), as follows: 

(1) Use the actual value of calculated 
raw exhaust in the following cases: 

(i) For multiplying raw exhaust flow 
rate with continuously sampled con-
centrations. 

(ii) For multiplying total raw ex-
haust flow with batch-sampled con-
centrations. 

(iii) For verifying minimum dilution 
ratio for PM batch sampling as de-
scribed in § 1065.546. 

(iv) For calculating the dilution air 
flow for background correction as de-
scribed in § 1065.667. 

(2) In the following cases, you may 
use an intake-air flow meter signal 
that does not give the actual value of 
raw exhaust, as long as it is linearly 
proportional to the exhaust flow rate’s 
actual calculated value: 

(i) For feedback control of a propor-
tional sampling system, such as a par-
tial-flow dilution system. 

(ii) For multiplying with continu-
ously sampled gas concentrations, if 
the same signal is used in a chemical- 
balance calculation to determine work 
from brake-specific fuel consumption 
and fuel consumed. 

(b) Component requirements. We rec-
ommend that you use an intake-air 
flow meter that meets the specifica-
tions in Table 1 of § 1065.205. This may 
include a laminar flow element, an ul-
trasonic flow meter, a subsonic ven-
turi, a thermal-mass meter, an aver-
aging Pitot tube, or a hot-wire ane-
mometer. Note that your overall sys-
tem for measuring intake-air flow 
must meet the linearity verification in 
§ 1065.307 and the calibration in 
§ 1065.325. 

(c) Flow conditioning. For any type of 
intake-air flow meter, condition the 
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flow as needed to prevent wakes, ed-
dies, circulating flows, or flow pulsa-
tions from affecting the accuracy or re-
peatability of the meter. You may ac-
complish this by using a sufficient 
length of straight tubing (such as a 
length equal to at least 10 pipe diame-
ters) or by using specially designed 
tubing bends, orifice plates or straight-
ening fins to establish a predictable ve-
locity profile upstream of the meter. 

[70 FR 40516, July 13, 2005, as amended at 76 
FR 57442, Sept. 15, 2011;79 FR 23760, Apr. 28, 
2014; 81 FR 74163, Oct. 25, 2016] 

§ 1065.230 Raw exhaust flow meter. 
(a) Application. You may use meas-

ured raw exhaust flow, as follows: 
(1) Use the actual value of calculated 

raw exhaust in the following cases: 
(i) Multiply raw exhaust flow rate 

with continuously sampled concentra-
tions. 

(ii) Multiply total raw exhaust with 
batch sampled concentrations. 

(2) In the following cases, you may 
use a raw exhaust flow meter signal 
that does not give the actual value of 
raw exhaust, as long as it is linearly 
proportional to the exhaust flow rate’s 
actual calculated value: 

(i) For feedback control of a propor-
tional sampling system, such as a par-
tial-flow dilution system. 

(ii) For multiplying with continu-
ously sampled gas concentrations, if 
the same signal is used in a chemical- 
balance calculation to determine work 
from brake-specific fuel consumption 
and fuel consumed. 

(b) Component requirements. We rec-
ommend that you use a raw-exhaust 
flow meter that meets the specifica-
tions in Table 1 of § 1065.205. This may 
involve using an ultrasonic flow meter, 
a subsonic venturi, an averaging Pitot 
tube, a hot-wire anemometer, or other 
measurement principle. This would 
generally not involve a laminar flow 
element or a thermal-mass meter. Note 
that your overall system for measuring 
raw exhaust flow must meet the lin-
earity verification in § 1065.307 and the 
calibration and verifications in 
§ 1065.330. Any raw-exhaust meter must 
be designed to appropriately com-
pensate for changes in the raw ex-
haust’s thermodynamic, fluid, and 
compositional states. 

(c) Flow conditioning. For any type of 
raw exhaust flow meter, condition the 
flow as needed to prevent wakes, ed-
dies, circulating flows, or flow pulsa-
tions from affecting the accuracy or re-
peatability of the meter. You may ac-
complish this by using a sufficient 
length of straight tubing (such as a 
length equal to at least 10 pipe diame-
ters) or by using specially designed 
tubing bends, orifice plates or straight-
ening fins to establish a predictable ve-
locity profile upstream of the meter. 

(d) Exhaust cooling. You may cool raw 
exhaust upstream of a raw-exhaust 
flow meter, as long as you observe all 
the following provisions: 

(1) Do not sample PM downstream of 
the cooling. 

(2) If cooling causes exhaust tempera-
tures above 202 °C to decrease to below 
180 °C, do not sample NMHC down-
stream of the cooling for compression- 
ignition engines, two-stroke spark-ig-
nition engines, or four-stroke spark-ig-
nition engines at or below 19 kW. 

(3) The cooling must not cause aque-
ous condensation. 

[70 FR 40516, July 13, 2005, as amended at 79 
FR 23761, Apr. 28, 2014] 

§ 1065.240 Dilution air and diluted ex-
haust flow meters. 

(a) Application. Use a diluted exhaust 
flow meter to determine instantaneous 
diluted exhaust flow rates or total di-
luted exhaust flow over a test interval. 
You may use the difference between a 
diluted exhaust flow meter and a dilu-
tion air meter to calculate raw exhaust 
flow rates or total raw exhaust flow 
over a test interval. 

(b) Component requirements. We rec-
ommend that you use a diluted exhaust 
flow meter that meets the specifica-
tions in Table 1 of § 1065.205. Note that 
your overall system for measuring di-
luted exhaust flow must meet the lin-
earity verification in § 1065.307 and the 
calibration and verifications in 
§ 1065.340 and § 1065.341. You may use the 
following meters: 

(1) For constant-volume sampling 
(CVS) of the total flow of diluted ex-
haust, you may use a critical-flow ven-
turi (CFV) or multiple critical-flow 
venturis arranged in parallel, a posi-
tive-displacement pump (PDP), a sub-
sonic venturi (SSV), or an ultrasonic 
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flow meter (UFM). Combined with an 
upstream heat exchanger, either a CFV 
or a PDP will also function as a passive 
flow controller in a CVS system. How-
ever, you may also combine any flow 
meter with any active flow control sys-
tem to maintain proportional sampling 
of exhaust constituents. You may con-
trol the total flow of diluted exhaust, 
or one or more sample flows, or a com-
bination of these flow controls to 
maintain proportional sampling. 

(2) For any other dilution system, 
you may use a laminar flow element, 
an ultrasonic flow meter, a subsonic 
venturi, a critical-flow venturi or mul-
tiple critical-flow venturis arranged in 
parallel, a positive-displacement 
meter, a thermal-mass meter, an aver-
aging Pitot tube, or a hot-wire ane-
mometer. 

(c) Flow conditioning. For any type of 
diluted exhaust flow meter, condition 
the flow as needed to prevent wakes, 
eddies, circulating flows, or flow pulsa-
tions from affecting the accuracy or re-
peatability of the meter. For some me-
ters, you may accomplish this by using 
a sufficient length of straight tubing 
(such as a length equal to at least 10 
pipe diameters) or by using specially 
designed tubing bends, orifice plates or 
straightening fins to establish a pre-
dictable velocity profile upstream of 
the meter. 

(d) Exhaust cooling. You may cool di-
luted exhaust upstream of a dilute-ex-
haust flow meter, as long as you ob-
serve all the following provisions: 

(1) Do not sample PM downstream of 
the cooling. 

(2) If cooling causes exhaust tempera-
tures above 202 °C to decrease to below 
180 °C, do not sample NMHC down-
stream of the cooling for compression- 
ignition engines, two-stroke spark-ig-
nition engines, or four-stroke spark-ig-
nition engines at or below 19 kW. 

(3) The cooling must not cause aque-
ous condensation as described in 
§ 1065.140(c)(6). 

[70 FR 40516, July 13, 2005, as amended at 75 
FR 23035, Apr. 30, 2010; 79 FR 23761, Apr. 28, 
2014] 

§ 1065.245 Sample flow meter for batch 
sampling. 

(a) Application. Use a sample flow 
meter to determine sample flow rates 

or total flow sampled into a batch sam-
pling system over a test interval. You 
may use the difference between a di-
luted exhaust sample flow meter and a 
dilution air meter to calculate raw ex-
haust flow rates or total raw exhaust 
flow over a test interval. 

(b) Component requirements. We rec-
ommend that you use a sample flow 
meter that meets the specifications in 
Table 1 of § 1065.205. This may involve a 
laminar flow element, an ultrasonic 
flow meter, a subsonic venturi, a crit-
ical-flow venturi or multiple critical- 
flow venturis arranged in parallel, a 
positive-displacement meter, a ther-
mal-mass meter, an averaging Pitot 
tube, or a hot-wire anemometer. Note 
that your overall system for measuring 
sample flow must meet the linearity 
verification in § 1065.307. For the special 
case where CFVs are used for both the 
diluted exhaust and sample-flow meas-
urements and their upstream pressures 
and temperatures remain similar dur-
ing testing, you do not have to quan-
tify the flow rate of the sample-flow 
CFV. In this special case, the sample- 
flow CFV inherently flow-weights the 
batch sample relative to the diluted ex-
haust CFV. 

(c) Flow conditioning. For any type of 
sample flow meter, condition the flow 
as needed to prevent wakes, eddies, cir-
culating flows, or flow pulsations from 
affecting the accuracy or repeatability 
of the meter. For some meters, you 
may accomplish this by using a suffi-
cient length of straight tubing (such as 
a length equal to at least 10 pipe diam-
eters) or by using specially designed 
tubing bends, orifice plates or straight-
ening fins to establish a predictable ve-
locity profile upstream of the meter. 

§ 1065.247 Diesel exhaust fluid flow 
rate. 

(a) Application. Determine diesel ex-
haust fluid flow rate over a test inter-
val for batch or continuous emission 
sampling using one of the three meth-
ods described in this section. 

(b) ECM. Use the ECM signal directly 
to determine diesel exhaust fluid flow 
rate. You may combine this with a 
gravimetric scale if that improves 
measurement quality. Prior to testing, 
you may characterize the ECM signal 
using a laboratory measurement and 
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adjust the ECM signal, consistent with 
good engineering judgment. 

(c) Flow meter. Measure diesel ex-
haust fluid flow rate with a flow meter. 
We recommend that the flow meter 
that meets the specifications in Table 1 
of § 1065.205. Note that your overall sys-
tem for measuring diesel exhaust fluid 
flow must meet the linearity 
verification in § 1065.307. Measure using 
the following procedure: 

(1) Condition the flow of diesel ex-
haust fluid as needed to prevent wakes, 
eddies, circulating flows, or flow pulsa-
tions from affecting the accuracy or re-
peatability of the meter. You may ac-
complish this by using a sufficient 
length of straight tubing (such as a 
length equal to at least 10 pipe diame-
ters) or by using specially designed 
tubing bends, straightening fins, or 
pneumatic pulsation dampeners to es-
tablish a steady and predictable veloc-
ity profile upstream of the meter. Con-
dition the flow as needed to prevent 
any gas bubbles in the fluid from af-
fecting the flow meter. 

(2) Account for any fluid that by-
passes the engine or returns from the 
engine to the fluid storage tank. 

(d) Gravimetric scale. Use a 
gravimetric scale to determine the 
mass of diesel exhaust fluid the engine 
uses over a discrete-mode test interval 
and divide by the time of the test in-
terval. 

[81 FR 74163, Oct. 25, 2016] 

§ 1065.248 Gas divider. 
(a) Application. You may use a gas di-

vider to blend calibration gases. 
(b) Component requirements. Use a gas 

divider that blends gases to the speci-
fications of § 1065.750 and to the flow- 
weighted concentrations expected dur-
ing testing. You may use critical-flow 
gas dividers, capillary-tube gas divid-
ers, or thermal-mass-meter gas divid-
ers. Note that your overall gas-divider 
system must meet the linearity 
verification in § 1065.307. 

CO AND CO2 MEASUREMENTS 

§ 1065.250 Nondispersive infrared ana-
lyzer. 

(a) Application. Use a nondispersive 
infrared (NDIR) analyzer to measure 
CO and CO2 concentrations in raw or 

diluted exhaust for either batch or con-
tinuous sampling. 

(b) Component requirements. We rec-
ommend that you use an NDIR ana-
lyzer that meets the specifications in 
Table 1 of § 1065.205. Note that your 
NDIR-based system must meet the 
calibration and verifications in 
§§ 1065.350 and 1065.355 and it must also 
meet the linearity verification in 
§ 1065.307. 

[76 FR 57442, Sept. 15, 2011, as amended at 79 
FR 23761, Apr. 28, 2014] 

HYDROCARBON MEASUREMENTS 

§ 1065.260 Flame-ionization detector. 
(a) Application. Use a flame-ioniza-

tion detector (FID) analyzer to meas-
ure hydrocarbon concentrations in raw 
or diluted exhaust for either batch or 
continuous sampling. Determine hy-
drocarbon concentrations on a carbon 
number basis of one, C1. For measuring 
THC or THCE you must use a FID ana-
lyzer. For measuring CH4 you must 
meet the requirements of paragraph (f) 
of this section. See subpart I of this 
part for special provisions that apply 
to measuring hydrocarbons when test-
ing with oxygenated fuels. 

(b) Component requirements. We rec-
ommend that you use a FID analyzer 
that meets the specifications in Table 1 
of § 1065.205. Note that your FID-based 
system for measuring THC, THCE, or 
CH4 must meet all the verifications for 
hydrocarbon measurement in subpart 
D of this part, and it must also meet 
the linearity verification in § 1065.307. 

(c) Heated FID analyzers. For meas-
uring THC or THCE from compression- 
ignition engines, two-stroke spark-ig-
nition engines, and four-stroke spark- 
ignition engines at or below 19 kW, you 
must use heated FID analyzers that 
maintain all surfaces that are exposed 
to emissions at a temperature of (191 
±11) °C. 

(d) FID fuel and burner air. Use FID 
fuel and burner air that meet the speci-
fications of § 1065.750. Do not allow the 
FID fuel and burner air to mix before 
entering the FID analyzer to ensure 
that the FID analyzer operates with a 
diffusion flame and not a premixed 
flame. 

(e) NMHC and NMOG. For dem-
onstrating compliance with NMHC 
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standards, you may either measure 
THC or determine NMHC mass as de-
scribed in § 1065.660(b)(1), or you may 
measure THC and CH4 and determine 
NMHC as described in § 1065.660(b)(2) or 
(3). For gaseous-fueled engines, you 
may also use the additive method in 
§ 1065.660(b)(4). See 40 CFR 1066.635 for 
methods to demonstrate compliance 
with NMOG standards for vehicle test-
ing. 

(f) NMNEHC. For demonstrating com-
pliance with NMNEHC standards, you 
may either measure NMHC or deter-
mine NMNEHC mass as described in 
§ 1065.660(c)(1), you may measure THC, 
CH4, and C2H6 and determine NMNEHC 
as described in § 1065.660(c)(2), or you 
may use the additive method in 
§ 1065.660(c)(3). 

(g) CH4. For reporting CH4 or for 
demonstrating compliance with CH4 
standards, you may use a FID analyzer 
with a nonmethane cutter as described 
in § 1065.265 or you may use a GC–FID 
as described in § 1065.267. Determine 
CH4 as described in § 1065.660(d). 

[76 FR 57442, Sept. 15, 2011, as amended at 79 
FR 23761, Apr. 28, 2014; 81 FR 74163, Oct. 25, 
2016] 

§ 1065.265 Nonmethane cutter. 

(a) Application. You may use a non-
methane cutter to measure CH4 with a 
FID analyzer. A nonmethane cutter 
oxidizes all nonmethane hydrocarbons 
to CO2 and H2O. You may use a non-
methane cutter for raw or diluted ex-
haust for batch or continuous sam-
pling. 

(b) System performance. Determine 
nonmethane-cutter performance as de-
scribed in § 1065.365 and use the results 
to calculate CH4 or NMHC emissions in 
§ 1065.660. 

(c) Configuration. Configure the non-
methane cutter with a bypass line if it 
is needed for the verification described 
in § 1065.365. 

(d) Optimization. You may optimize a 
nonmethane cutter to maximize the 
penetration of CH4 and the oxidation of 
all other hydrocarbons. You may hu-
midify a sample and you may dilute a 
sample with purified air or oxygen (O2) 
upstream of the nonmethane cutter to 
optimize its performance. You must ac-

count for any sample humidification 
and dilution in emission calculations. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37300, June 30, 2008; 76 FR 57442, Sept. 15, 
2011] 

§ 1065.266 Fourier transform infrared 
analyzer. 

(a) Application. For engines that run 
only on natural gas, you may use a 
Fourier transform infrared (FTIR) ana-
lyzer to measure nonmethane hydro-
carbon (NMHC) and nonmethane-non-
ethane hydrocarbon (NMNEHC) for 
continuous sampling. You may use an 
FTIR analyzer with any gaseous-fueled 
engine, including dual-fuel engines, to 
measure CH4 and C2H6, for either batch 
or continuous sampling (for subtrac-
tion from THC). 

(b) Component requirements. We rec-
ommend that you use an FTIR ana-
lyzer that meets the specifications in 
Table 1 of § 1065.205. Note that your 
FTIR-based system must meet the lin-
earity verification in § 1065.307. Use ap-
propriate analytical procedures for in-
terpretation of infrared spectra. For 
example, EPA Test Method 320 (see 
https://www3.epa.gov/ttn/emc/promgate/m- 
320.pdf) and ASTM D6348 (incorporated 
by reference in § 1065.1010) are consid-
ered valid methods for spectral inter-
pretation. You must use heated FTIR 
analyzers that maintain all surfaces 
that are exposed to emissions at a tem-
perature of (110 to 202) °C. 

(c) Hydrocarbon species for NMHC and 
NMNEHC additive determination. To de-
termine NMNEHC, measure ethene, 
ethyne, propane, propene, butane, 
formaldehyde, acetaldehyde, formic 
acid, and methanol. To determine 
NMHC, measure ethane in addition to 
those same hydrocarbon species. Deter-
mine NMHC and NMNEHC as described 
in § 1065.660(b)(4) and § 1065.660(c)(3). 

(d) NMHC and NMNEHC CH4 and C2H6 
determination from subtraction of CH4 
and C2H6 from THC. Determine CH4 as 
described in § 1065.660(d)(2) and C2H6 as 
described § 1065.660(e). Determine 
NMHC from subtraction of CH4 from 
THC as described in § 1065.660(b)(3) and 
NMNEHC from subtraction of CH4 and 
C2H6 as described § 1065.660(c)(2). Deter-
mine CH4 as described in § 1065.660(d)(2) 
and C2H6 as described § 1065.660(e). 
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(e) Interference verification. Perform 
interference verification for FTIR ana-
lyzers using the procedures of § 1065.366. 
Certain interference gases can inter-
fere with FTIR analyzers by causing a 
response similar to the hydrocarbon 
species of interest. When running the 
interference verification for these ana-
lyzers, use interference gases as fol-
lows: 

(1) The interference gases for CH4 are 
CO2, H2O, and C2H6. 

(2) The interference gases for C2H6 
are CO2, H2O, and CH4. 

(3) The interference gases for other 
measured hydrocarbon species are CO2, 
H2O, CH4, and C2H6. 

[81 FR 74163, Oct. 25, 2016] 

§ 1065.267 Gas chromatograph with a 
flame ionization detector. 

(a) Application. You may use a gas 
chromatograph with a flame ionization 
detector (GC–FID) to measure CH4 and 
C2H6 concentrations of diluted exhaust 
for batch sampling. While you may also 
use a nonmethane cutter to measure 
CH4, as described in § 1065.265, use a ref-
erence procedure based on a gas chro-
matograph for comparison with any 
proposed alternate measurement proce-
dure under § 1065.10. 

(b) Component requirements. We rec-
ommend that you use a GC–FID that 
meets the specifications in Table 1 of 
§ 1065.205 and that the measurement be 
done according to SAE J1151 (incor-
porated by reference in § 1065.1010). The 
GC–FID must meet the linearity 
verification in § 1065.307. 

[76 FR 57442, Sept. 15, 2011, as amended at 79 
FR 23761, Apr. 28, 2014; 81 FR 74163, Oct. 25, 
2016] 

§ 1065.269 Photoacoustic analyzer for 
ethanol and methanol. 

(a) Application. You may use a 
photoacoustic analyzer to measure eth-
anol and/or methanol concentrations in 
diluted exhaust for batch sampling. 

(b) Component requirements. We rec-
ommend that you use a photoacoustic 
analyzer that meets the specifications 
in Table 1 of § 1065.205. Note that your 
photoacoustic system must meet the 
verification in § 1065.369 and it must 
also meet the linearity verification in 
§ 1065.307. Use an optical wheel configu-
ration that gives analytical priority to 

measurement of the least stable com-
ponents in the sample. Select a sample 
integration time of at least 5 seconds. 
Take into account sample chamber and 
sample line volumes when determining 
flush times for your instrument. 

[79 FR 23761, Apr. 28, 2014] 

NOX AND N2O MEASUREMENTS 

§ 1065.270 Chemiluminescent detector. 

(a) Application. You may use a 
chemiluminescent detector (CLD) to 
measure NOX concentration in raw or 
diluted exhaust for batch or continuous 
sampling. We generally accept a CLD 
for NOX measurement, even though it 
measures only NO and NO2, when cou-
pled with an NO2-to-NO converter, 
since conventional engines and 
aftertreatment systems do not emit 
significant amounts of NOX species 
other than NO and NO2. Measure other 
NOX species if required by the stand-
ard-setting part. While you may also 
use other instruments to measure NOX, 
as described in § 1065.272, use a ref-
erence procedure based on a 
chemiluminescent detector for com-
parison with any proposed alternate 
measurement procedure under § 1065.10. 

(b) Component requirements. We rec-
ommend that you use a CLD that 
meets the specifications in Table 1 of 
§ 1065.205. Note that your CLD-based 
system must meet the quench 
verification in § 1065.370 and it must 
also meet the linearity verification in 
§ 1065.307. You may use a heated or 
unheated CLD, and you may use a CLD 
that operates at atmospheric pressure 
or under a vacuum. 

(c) NO2-to-NO converter. Place up-
stream of the CLD an internal or exter-
nal NO2-to-NO converter that meets 
the verification in § 1065.378. Configure 
the converter with a bypass line if it is 
needed to facilitate this verification. 

(d) Humidity effects. You must main-
tain all CLD temperatures to prevent 
aqueous condensation. If you remove 
humidity from a sample upstream of a 
CLD, use one of the following configu-
rations: 

(1) Connect a CLD downstream of any 
dryer or chiller that is downstream of 
an NO2-to-NO converter that meets the 
verification in § 1065.378. 
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(2) Connect a CLD downstream of any 
dryer or thermal chiller that meets the 
verification in § 1065.376. 

(e) Response time. You may use a 
heated CLD to improve CLD response 
time. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37300, June 30, 2008; 76 FR 57442, Sept. 15, 
2011; 79 FR 23761, Apr. 28, 2014] 

§ 1065.272 Nondispersive ultraviolet 
analyzer. 

(a) Application. You may use a non-
dispersive ultraviolet (NDUV) analyzer 
to measure NOX concentration in raw 
or diluted exhaust for batch or contin-
uous sampling. We generally accept an 
NDUV for NOX measurement, even 
though it measures only NO and NO2, 
since conventional engines and 
aftertreatment systems do not emit 
significant amounts of other NOX spe-
cies. Measure other NOX species if re-
quired by the standard-setting part. 
Note that good engineering judgment 
may preclude you from using an NDUV 
analyzer if sampled exhaust from test 
engines contains oil (or other contami-
nants) in sufficiently high concentra-
tions to interfere with proper oper-
ation. 

(b) Component requirements. We rec-
ommend that you use an NDUV ana-
lyzer that meets the specifications in 
Table 1 of § 1065.205. Note that your 
NDUV-based system must meet the 
verifications in § 1065.372 and it must 
also meet the linearity verification in 
§ 1065.307. 

(c) NO2-to-NO converter. If your NDUV 
analyzer measures only NO, place up-
stream of the NDUV analyzer an inter-
nal or external NO2-to-NO converter 
that meets the verification in § 1065.378. 
Configure the converter with a bypass 
to facilitate this verification. 

(d) Humidity effects. You must main-
tain NDUV temperature to prevent 
aqueous condensation, unless you use 
one of the following configurations: 

(1) Connect an NDUV downstream of 
any dryer or chiller that is downstream 
of an NO2-to-NO converter that meets 
the verification in § 1065.378. 

(2) Connect an NDUV downstream of 
any dryer or thermal chiller that 
meets the verification in § 1065.376. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 59323, Oct. 8, 2008; 76 FR 57442, Sept. 15, 
2011; 79 FR 23761, Apr. 28, 2014] 

§ 1065.275 N2O measurement devices. 
(a) General component requirements. 

We recommend that you use an ana-
lyzer that meets the specifications in 
Table 1 of § 1065.205. Note that your sys-
tem must meet the linearity 
verification in § 1065.307. 

(b) Instrument types. You may use any 
of the following analyzers to measure 
N2O: 

(1) Nondispersive infrared (NDIR) an-
alyzer. 

(2) Fourier transform infrared (FTIR) 
analyzer. Use appropriate analytical 
procedures for interpretation of infra-
red spectra. For example, EPA Test 
Method 320 (see https://www3.epa.gov/ttn/ 
emc/promgate/m-320.pdf) and ASTM 
D6348 (incorporated by reference in 
§ 1065.1010) are considered valid meth-
ods for spectral interpretation. 

(3) Laser infrared analyzer. Examples 
of laser infrared analyzers are pulsed- 
mode high-resolution narrow band mid- 
infrared analyzers, and modulated con-
tinuous wave high-resolution narrow 
band mid-infrared analyzers. 

(4) Photoacoustic analyzer. Use an 
optical wheel configuration that gives 
analytical priority to measurement of 
the least stable components in the 
sample. Select a sample integration 
time of at least 5 seconds. Take into 
account sample chamber and sample 
line volumes when determining flush 
times for your instrument. 

(5) Gas chromatograph analyzer. You 
may use a gas chromatograph with an 
electron-capture detector (GC–ECD) to 
measure N2O concentrations of diluted 
exhaust for batch sampling. 

(i) You may use a packed or porous 
layer open tubular (PLOT) column 
phase of suitable polarity and length to 
achieve adequate resolution of the N2O 
peak for analysis. Examples of accept-
able columns are a PLOT column con-
sisting of bonded polystyrene- 
divinylbenzene or a Porapack Q packed 
column. Take the column temperature 
profile and carrier gas selection into 
consideration when setting up your 
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method to achieve adequate N2O peak 
resolution. 

(ii) Use good engineering judgment to 
zero your instrument and correct for 
drift. You do not need to follow the 
specific procedures in §§ 1065.530 and 
1065.550(b) that would otherwise apply. 
For example, you may perform a span 
gas measurement before and after sam-
ple analysis without zeroing and use 
the average area counts of the pre-span 
and post-span measurements to gen-
erate a response factor (area counts/ 
span gas concentration), which you 
then multiply by the area counts from 
your sample to generate the sample 
concentration. 

(c) Interference verification. Perform 
interference verification for NDIR, 
FTIR, laser infrared analyzers, and 
photoacoustic analyzers using the pro-
cedures of § 1065.375. Interference 
verification is not required for GC– 
ECD. Certain interference gases can 
positively interfere with NDIR, FTIR, 
and photoacoustic analyzers by causing 
a response similar to N2O. When run-
ning the interference verification for 
these analyzers, use interference gases 
as follows: 

(1) The interference gases for NDIR 
analyzers are CO, CO2, H2O, CH4, and 
SO2. Note that interference species, 
with the exception of H2O, are depend-
ent on the N2O infrared absorption 
band chosen by the instrument manu-
facturer. For each analyzer determine 
the N2O infrared absorption band. For 
each N2O infrared absorption band, use 
good engineering judgment to deter-
mine which interference gases to use in 
the verification. 

(2) Use good engineering judgment to 
determine interference gases for FTIR, 
and laser infrared analyzers. Note that 
interference species, with the excep-
tion of H2O, are dependent on the N2O 
infrared absorption band chosen by the 
instrument manufacturer. For each an-
alyzer determine the N2O infrared ab-
sorption band. For each N2O infrared 
absorption band, use good engineering 
judgment to determine interference 
gases to use in the verification. 

(3) The interference gases for 
photoacoustic analyzers are CO, CO2, 
and H2O. 

[74 FR 56512, Oct. 30, 2009, as amended at 76 
FR 57443, Sept. 15, 2011; 78 FR 36398, June 17, 
2013;79 FR 23761, Apr. 28, 2014; 81 FR 74163, 
Oct. 25, 2016] 

O2 MEASUREMENTS 

§ 1065.280 Paramagnetic and 
magnetopneumatic O2 detection 
analyzers. 

(a) Application. You may use a 
paramagnetic detection (PMD) or 
magnetopneumatic detection (MPD) 
analyzer to measure O2 concentration 
in raw or diluted exhaust for batch or 
continuous sampling. You may use O2 
measurements with intake air or fuel 
flow measurements to calculate ex-
haust flow rate according to § 1065.650. 

(b) Component requirements. We rec-
ommend that you use a PMD or MPD 
analyzer that meets the specifications 
in Table 1 of § 1065.205. Note that it 
must meet the linearity verification in 
§ 1065.307. 

[73 FR 37300, June 30, 2008, as amended at 76 
FR 57443, Sept. 15, 2011;79 FR 23762, Apr. 28, 
2014] 

AIR-TO-FUEL RATIO MEASUREMENTS 

§ 1065.284 Zirconia (ZrO2) analyzer. 

(a) Application. You may use a 
zirconia (ZrO2) analyzer to measure 
air-to-fuel ratio in raw exhaust for con-
tinuous sampling. You may use O2 
measurements with intake air or fuel 
flow measurements to calculate ex-
haust flow rate according to § 1065.650. 

(b) Component requirements. We rec-
ommend that you use a ZrO2 analyzer 
that meets the specifications in Table 1 
of § 1065.205. Note that your ZrO2-based 
system must meet the linearity 
verification in § 1065.307. 

[70 FR 40516, July 13, 2005, as amended at 76 
FR 57443, Sept. 15, 2011; 79 FR 23762, Apr. 28, 
2014] 

PM MEASUREMENTS 

§ 1065.290 PM gravimetric balance. 

(a) Application. Use a balance to 
weigh net PM on a sample medium for 
laboratory testing. 
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(b) Component requirements. We rec-
ommend that you use a balance that 
meets the specifications in Table 1 of 
§ 1065.205. Note that your balance-based 
system must meet the linearity 
verification in § 1065.307. If the balance 
uses internal calibration weights for 
routine spanning and the weights do 
not meet the specifications in § 1065.790, 
the weights must be verified independ-
ently with external calibration weights 
meeting the requirements of § 1065.790. 
While you may also use an inertial bal-
ance to measure PM, as described in 
§ 1065.295, use a reference procedure 
based on a gravimetric balance for 
comparison with any proposed alter-
nate measurement procedure under 
§ 1065.10. 

(c) Pan design. We recommend that 
you use a balance pan designed to min-
imize corner loading of the balance, as 
follows: 

(1) Use a pan that centers the PM 
sample media (such as a filter) on the 
weighing pan. For example, use a pan 
in the shape of a cross that has up-
swept tips that center the PM sample 
media on the pan. 

(2) Use a pan that positions the PM 
sample as low as possible. 

(d) Balance configuration. Configure 
the balance for optimum settling time 
and stability at your location. 

[73 FR 37300, June 30, 2008, as amended at 75 
FR 68462, Nov. 8, 2010] 

§ 1065.295 PM inertial balance for 
field-testing analysis. 

(a) Application. You may use an iner-
tial balance to quantify net PM on a 
sample medium for field testing. 

(b) Component requirements. We rec-
ommend that you use a balance that 
meets the specifications in Table 1 of 
§ 1065.205. Note that your balance-based 
system must meet the linearity 
verification in § 1065.307. If the balance 
uses an internal calibration process for 
routine spanning and linearity 
verifications, the process must be 
NIST-traceable. 

(c) Loss correction. You may use PM 
loss corrections to account for PM loss 
in the inertial balance, including the 
sample handling system. 

(d) Deposition. You may use electro-
static deposition to collect PM as long 
as its collection efficiency is at least 
95%. 

[73 FR 59259, Oct. 8, 2008, as amended at 75 FR 
68462, Nov. 8, 2010; 76 FR 57443, Sept. 15, 2011; 
79 FR 23762, Apr. 28, 2014] 

Subpart D—Calibrations and 
Verifications 

§ 1065.301 Overview and general provi-
sions. 

(a) This subpart describes required 
and recommended calibrations and 
verifications of measurement systems. 
See subpart C of this part for specifica-
tions that apply to individual instru-
ments. 

(b) You must generally use complete 
measurement systems when performing 
calibrations or verifications in this 
subpart. For example, this would gen-
erally involve evaluating instruments 
based on values recorded with the com-
plete system you use for recording test 
data, including analog-to-digital con-
verters. For some calibrations and 
verifications, we may specify that you 
disconnect part of the measurement 
system to introduce a simulated signal. 

(c) If we do not specify a calibration 
or verification for a portion of a meas-
urement system, calibrate that portion 
of your system and verify its perform-
ance at a frequency consistent with 
any recommendations from the meas-
urement-system manufacturer, con-
sistent with good engineering judg-
ment. 

(d) Use NIST-traceable standards to 
the tolerances we specify for calibra-
tions and verifications. Where we 
specify the need to use NIST-traceable 
standards, you may alternatively ask 
for our approval to use international 
standards that are not NIST-traceable. 

§ 1065.303 Summary of required cali-
bration and verifications. 

The following table summarizes the 
required and recommended calibrations 
and verifications described in this sub-
part and indicates when these have to 
be performed: 
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TABLE 1 OF § 1065.303—SUMMARY OF REQUIRED CALIBRATION AND VERIFICATIONS 

Type of calibration or verification Minimum frequency 1 

§ 1065.305: Accuracy, repeatability and noise .. Accuracy: Not required, but recommended for initial installation. 
Repeatability: Not required, but recommended for initial installation. 
Noise: Not required, but recommended for initial installation. 

§ 1065.307: Linearity verification ....................... Speed: Upon initial installation, within 370 days before testing and after major 
maintenance. 

Torque: Upon initial installation, within 370 days before testing and after major 
maintenance. 

Electrical power, current, and voltage: Upon initial installation, within 370 days 
before testing and after major maintenance.2 

Fuel flow rate: Upon initial installation, within 370 days before testing, and after 
major maintenance. 

DEF flow: Upon initial installation, within 370 days before testing, and after 
major maintenance. 

Intake-air, dilution air, diluted exhaust, and batch sampler flow rates: Upon ini-
tial installation, within 370 days before testing and after major maintenance, 
unless flow is verified by propane check or by carbon or oxygen balance. 

Raw exhaust flow rate: Upon initial installation, within 185 days before testing 
and after major maintenance, unless flow is verified by propane check or by 
carbon or oxygen balance. 

Gas dividers: Upon initial installation, within 370 days before testing, and after 
major maintenance. 

Gas analyzers (unless otherwise noted): Upon initial installation, within 35 days 
before testing and after major maintenance. 

FTIR and photoacoustic analyzers: Upon initial installation, within 370 days be-
fore testing and after major maintenance. 

GC–ECD: Upon initial installation and after major maintenance. 
PM balance: Upon initial installation, within 370 days before testing and after 

major maintenance. 
Pressure, temperature, and dewpoint: Upon initial installation, within 370 days 

before testing and after major maintenance. 
§ 1065.308: Continuous gas analyzer system 

response and updating-recording 
verification—for gas analyzers not continu-
ously compensated for other gas species.

Upon initial installation or after system modification that would affect response. 

§ 1065.309: Continuous gas analyzer system- 
response and updating-recording 
verification—for gas analyzers continuously 
compensated for other gas species.

Upon initial installation or after system modification that would affect response. 

§ 1065.310: Torque ............................................ Upon initial installation and after major maintenance. 
§ 1065.315: Pressure, temperature, dewpoint ... Upon initial installation and after major maintenance. 
§ 1065.320: Fuel flow ......................................... Upon initial installation and after major maintenance. 
§ 1065.325: Intake flow ...................................... Upon initial installation and after major maintenance. 
§ 1065.330: Exhaust flow ................................... Upon initial installation and after major maintenance. 
§ 1065.340: Diluted exhaust flow (CVS) ............ Upon initial installation and after major maintenance. 
§ 1065.341: CVS and batch sampler 

verification 3.
Upon initial installation, within 35 days before testing, and after major mainte-

nance. 
§ 1065.342 Sample dryer verification ................ For thermal chillers: Upon installation and after major maintenance. 

For osmotic membranes; Upon installation, within 35 days of testing, and after 
major maintenance. 

§ 1065.345: Vacuum leak .................................. For laboratory testing: Upon initial installation of the sampling system, within 8 
hours before the start of the first test interval of each duty-cycle sequence, 
and after maintenance such as pre-filter changes. 

For field testing: After each installation of the sampling system on the vehicle, 
prior to the start of the field test, and after maintenance such as pre-filter 
changes. 

§ 1065.350: CO2 NDIR H2O interference .......... Upon initial installation and after major maintenance. 
§ 1065.355: CO NDIR CO2 and H2O inter-

ference.
Upon initial installation and after major maintenance. 

§ 1065.360: FID calibration THC FID optimiza-
tion, and THC FID verification.

Calibrate all FID analyzers: Upon initial installation and after major mainte-
nance. 

Optimize and determine CH4 response for THC FID analyzers: Upon initial in-
stallation and after major maintenance. 

Verify CH4 response for THC FID analyzers: Upon initial installation, within 185 
days before testing, and after major maintenance. 

Verify C2H6 response for THC FID analyzers if used for NMNEHC determina-
tion: Upon initial installation, within 185 days before testing, and after major 
maintenance. 

§ 1065.362: Raw exhaust FID O2 interference .. For all FID analyzers: Upon initial installation, and after major maintenance. 
For THC FID analyzers: Upon initial installation, after major maintenance, and 

after FID optimization according to § 1065.360. 
§ 1065.365: Nonmethane cutter penetration ..... Upon initial installation, within 185 days before testing, and after major mainte-

nance. 
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TABLE 1 OF § 1065.303—SUMMARY OF REQUIRED CALIBRATION AND VERIFICATIONS—Continued 

Type of calibration or verification Minimum frequency 1 

§ 1065.366: Interference verification for FTIR 
analyzers.

Upon initial installation and after major maintenance. 

§ 1065.369: H2O, CO, and CO2 interference 
verification for ethanol photoacoustic ana-
lyzers.

Upon initial installation and after major maintenance. 

§ 1065.370: CLD CO2 and H2O quench ............ Upon initial installation and after major maintenance. 
§ 1065.372: NDUV HC and H2O interference ... Upon initial installation and after major maintenance. 
§ 1065.375: N2O analyzer interference .............. Upon initial installation and after major maintenance. 
§ 1065.376: Chiller NO2 penetration .................. Upon initial installation and after major maintenance. 
§ 1065.378: NO2-to-NO converter conversion ... Upon initial installation, within 35 days before testing, and after major mainte-

nance. 
§ 1065.390: PM balance and weighing .............. Independent verification: Upon initial installation, within 370 days before test-

ing, and after major maintenance. 
Zero, span, and reference sample verifications: Within 12 hours of weighing, 

and after major maintenance. 
§ 1065.395: Inertial PM balance and weighing .. Independent verification: Upon initial installation, within 370 days before test-

ing, and after major maintenance. 
Other verifications: Upon initial installation and after major maintenance. 

1 Perform calibrations and verifications more frequently than we specify, according to measurement system manufacturer in-
structions and good engineering judgment. 

2 Perform linearity verification either for electrical power or for current and voltage. 
3 The CVS verification described in § 1065.341 is not required for systems that agree within ±2% based on a chemical balance 

of carbon or oxygen of the intake air, fuel, and diluted exhaust. 

[81 FR 74164, Oct. 25, 2016] 

§ 1065.305 Verifications for accuracy, 
repeatability, and noise. 

(a) This section describes how to de-
termine the accuracy, repeatability, 
and noise of an instrument. Table 1 of 
§ 1065.205 specifies recommended values 
for individual instruments. 

(b) We do not require you to verify 
instrument accuracy, repeatability, or 
noise. 

However, it may be useful to consider 
these verifications to define a speci-
fication for a new instrument, to verify 
the performance of a new instrument 
upon delivery, or to troubleshoot an 
existing instrument. 

(c) In this section we use the letter 
‘‘y’’ to denote a generic measured 
quantity, the superscript over-bar to 
denote an arithmetic mean (such as ȳ), 
and the subscript ‘‘ref’’ to denote the 
reference quantity being measured. 

(d) Conduct these verifications as fol-
lows: 

(1) Prepare an instrument so it oper-
ates at its specified temperatures, pres-
sures, and flows. Perform any instru-
ment linearization or calibration pro-
cedures prescribed by the instrument 
manufacturer. 

(2) Zero the instrument as you would 
before an emission test by introducing 
a zero signal. Depending on the instru-
ment, this may be a zero-concentration 

gas, a reference signal, a set of ref-
erence thermodynamic conditions, or 
some combination of these. For gas 
analyzers, use a zero gas that meets 
the specifications of § 1065.750. 

(3) Span the instrument as you would 
before an emission test by introducing 
a span signal. Depending on the instru-
ment, this may be a span-concentra-
tion gas, a reference signal, a set of ref-
erence thermodynamic conditions, or 
some combination of these. For gas 
analyzers, use a span gas that meets 
the specifications of § 1065.750. 

(4) Use the instrument to quantify a 
NIST-traceable reference quantity, yref. 
For gas analyzers the reference gas 
must meet the specifications of 
§ 1065.750. Select a reference quantity 
near the mean value expected during 
testing. For all gas analyzers, use a 
quantity near the flow-weighted mean 
concentration expected at the standard 
or expected during testing, whichever 
is greater. For noise verification, use 
the same zero gas from paragraph (d)(2) 
of this section as the reference quan-
tity. In all cases, allow time for the in-
strument to stabilize while it measures 
the reference quantity. Stabilization 
time may include time to purge an in-
strument and time to account for its 
response. 
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(5) Sample and record values for 30 
seconds (you may select a longer sam-
pling period if the recording update fre-
quency is less than 0.5 Hz), record the 
arithmetic mean, ȳi and record the 
standard deviation, si of the recorded 
values. Refer to § 1065.602 for an exam-
ple of calculating arithmetic mean and 
standard deviation. 

(6) Also, if the reference quantity is 
not absolutely constant, which might 
be the case with a reference flow, sam-
ple and record values of yrefi for 30 sec-
onds and record the arithmetic mean of 
the values, ȳref. Refer to § 1065.602 for an 
example of calculating arithmetic 
mean. 

(7) Subtract the reference value, yref 
(or ȳrefi), from the arithmetic mean, ȳi. 
Record this value as the error, ei. 

(8) Repeat the steps specified in para-
graphs (d)(2) through (7) of this section 
until you have ten arithmetic means 
(ȳ1, ȳ2, ȳi, ...ȳ10), ten standard devi-
ations, (s1, s2, si,...s10), and ten errors 
(e1, e2, ei,...e10). 

(9) Use the following values to quan-
tify your measurements: 

(i) Accuracy. Instrument accuracy is 
the absolute difference between the ref-
erence quantity, yref (or ȳref), and the 
arithmetic mean of the ten ȳi, ȳ values. 
Refer to the example of an accuracy 
calculation in § 1065.602. We recommend 
that instrument accuracy be within 
the specifications in Table 1 of 
§ 1065.205. 

(ii) Repeatability. Repeatability is two 
times the standard deviation of the ten 
errors (that is, repeatability = 2 · σe). 
Refer to the example of a standard-de-
viation calculation in § 1065.602. We rec-
ommend that instrument repeatability 
be within the specifications in Table 1 
of § 1065.205. 

(iii) Noise. Noise is two times the 
root-mean-square of the ten standard 
deviations (that is, noise = 2 · rmsσ) 
when the reference signal is a zero- 
quantity signal. Refer to the example 
of a root-mean-square calculation in 
§ 1065.602. We recommend that instru-
ment noise be within the specifications 
in Table 1 of § 1065.205. 

(10) You may use a measurement in-
strument that does not meet the accu-
racy, repeatability, or noise specifica-
tions in Table 1 of § 1065.205, as long as 
you meet the following criteria: 

(i) Your measurement systems meet 
all the other required calibration, 
verification, and validation specifica-
tions that apply as specified in the reg-
ulations. 

(ii) The measurement deficiency does 
not adversely affect your ability to 
demonstrate compliance with the ap-
plicable standards. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37301, June 30, 2008; 75 FR 23037, Apr. 30, 
2010; 79 FR 23763, Apr. 28, 2014] 

§ 1065.307 Linearity verification. 

(a) Scope and frequency. Perform lin-
earity verification on each measure-
ment system listed in Table 1 of this 
section at least as frequently as indi-
cated in Table 1 of § 1065.303, consistent 
with measurement system manufactur-
er’s recommendations and good engi-
neering judgment. The intent of lin-
earity verification is to determine that 
a measurement system responds accu-
rately and proportionally over the 
measurement range of interest. Lin-
earity verification generally consists 
of introducing a series of at least 10 
reference values to a measurement sys-
tem. The measurement system quan-
tifies each reference value. The meas-
ured values are then collectively com-
pared to the reference values by using 
a least-squares linear regression and 
the linearity criteria specified in Table 
1 of this section. 

(b) Performance requirements. If a 
measurement system does not meet the 
applicable linearity criteria referenced 
in Table 1 of this section, correct the 
deficiency by re-calibrating, servicing, 
or replacing components as needed. Re-
peat the linearity verification after 
correcting the deficiency to ensure 
that the measurement system meets 
the linearity criteria. Before you may 
use a measurement system that does 
not meet linearity criteria, you must 
demonstrate to us that the deficiency 
does not adversely affect your ability 
to demonstrate compliance with the 
applicable standards. 

(c) Procedure. Use the following lin-
earity verification protocol, or use 
good engineering judgment to develop 
a different protocol that satisfies the 
intent of this section, as described in 
paragraph (a) of this section: 
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(1) In this paragraph (c), the letter 
‘‘y’’ denotes a generic measured quan-
tity, the superscript over-bar denotes 
an arithmetic mean (such as ȳ), and 
the subscript ‘‘ref’’ denotes the known 
or reference quantity being measured. 

(2) Use good engineering judgment to 
operate a measurement system at nor-
mal operating conditions. This may in-
clude any specified adjustment or peri-
odic calibration of the measurement 
system. 

(3) If applicable, zero the instrument 
as you would before an emission test 
by introducing a zero signal. Depending 
on the instrument, this may be a zero- 
concentration gas, a reference signal, a 
set of reference thermodynamic condi-
tions, or some combination of these. 
For gas analyzers, use a zero gas that 
meets the specifications of § 1065.750 
and introduce it directly at the ana-
lyzer port. 

(4) If applicable, span the instrument 
as you would before an emission test 
by introducing a span signal. Depend-
ing on the instrument, this may be a 
span-concentration gas, a reference 
signal, a set of reference thermo-
dynamic conditions, or some combina-
tion of these. For gas analyzers, use a 
span gas that meets the specifications 
of § 1065.750 and introduce it directly at 
the analyzer port. 

(5) If applicable, after spanning the 
instrument, check zero with the same 
signal you used in paragraph (c)(3) of 
this section. Based on the zero reading, 
use good engineering judgment to de-
termine whether or not to rezero and 
or re-span the instrument before con-
tinuing. 

(6) For all measured quantities, use 
the instrument manufacturer’s rec-
ommendations and good engineering 
judgment to select reference values, 
yrefi, that cover a range of values that 
you expect would prevent extrapo-
lation beyond these values during 
emission testing. We recommend se-
lecting a zero reference signal as one of 
the reference values for the linearity 
verification. For pressure, tempera-
ture, dewpoint, power, current, volt-
age, photoacoustic analyzers, and GC– 
ECD linearity verifications, we rec-
ommend at least three reference val-
ues. For all other linearity 

verifications select at least ten ref-
erence values. 

(7) Use the instrument manufactur-
er’s recommendations and good engi-
neering judgment to select the order in 
which you will introduce the series of 
reference values. For example, you 
may select the reference values ran-
domly to avoid correlation with pre-
vious measurements and to avoid 
hysteresis; you may select reference 
values in ascending or descending order 
to avoid long settling times of ref-
erence signals; or you may select val-
ues to ascend and then descend to in-
corporate the effects of any instrument 
hysteresis into the linearity 
verification. 

(8) Generate reference quantities as 
described in paragraph (d) of this sec-
tion. For gas analyzers, use gas con-
centrations known to be within the 
specifications of § 1065.750 and intro-
duce them directly at the analyzer 
port. 

(9) Introduce a reference signal to the 
measurement instrument. 

(10) Allow time for the instrument to 
stabilize while it measures the value at 
the reference condition. Stabilization 
time may include time to purge an in-
strument and time to account for its 
response. 

(11) At a recording frequency of at 
least f Hz, specified in Table 1 of 
§ 1065.205, measure the value at the ref-
erence condition for 30 seconds (you 
may select a longer sampling period if 
the recording update frequency is less 
than 0.5 Hz) and record the arithmetic 
mean of the recorded values, ȳi. Refer 
to § 1065.602 for an example of calcu-
lating an arithmetic mean. 

(12) Repeat the steps in paragraphs 
(c)(9) though (11) of this section until 
measurements are complete at each of 
the reference conditions. 

(13) Use the arithmetic means, ȳi, and 
reference values, yrefi, to calculate 
least-squares linear regression param-
eters and statistical values to compare 
to the minimum performance criteria 
specified in Table 1 of this section. Use 
the calculations described in § 1065.602. 
Using good engineering judgment, you 
may weight the results of individual 
data pairs (i.e. (yrefi, ȳi,)), in the linear 
regression calculations. 
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(d) Reference signals. This paragraph 
(d) describes recommended methods for 
generating reference values for the lin-
earity-verification protocol in para-
graph (c) of this section. Use reference 
values that simulate actual values, or 
introduce an actual value and measure 
it with a reference-measurement sys-
tem. In the latter case, the reference 
value is the value reported by the ref-
erence-measurement system. Reference 
values and reference-measurement sys-
tems must be NIST-traceable. We rec-
ommend using calibration reference 
quantities that are NIST-traceable 
within 0.5% uncertainty, if not speci-
fied elsewhere in this part 1065. Use the 
following recommended methods to 
generate reference values or use good 
engineering judgment to select a dif-
ferent reference: 

(1) Speed. Run the engine or dyna-
mometer at a series of steady-state 
speeds and use a strobe, photo tachom-
eter, or laser tachometer to record ref-
erence speeds. 

(2) Torque. Use a series of calibration 
weights and a calibration lever arm to 
simulate engine torque. You may in-
stead use the engine or dynamometer 
itself to generate a nominal torque 
that is measured by a reference load 
cell or proving ring in series with the 
torque-measurement system. In this 
case, use the reference load cell meas-
urement as the reference value. Refer 
to § 1065.310 for a torque-calibration 
procedure similar to the linearity 
verification in this section. 

(3) Electrical power, current, and volt-
age. You must perform linearity 
verification for either electrical power 
meters, or for current and voltage me-
ters. Perform linearity verifications 
using a reference meter and controlled 
sources of current and voltage. We rec-
ommend using a complete calibration 
system that is suitable for the elec-
trical power distribution industry. 

(4) Fuel rate. Operate the engine at a 
series of constant fuel-flow rates or re- 
circulate fuel back to a tank through 
the fuel flow meter at different flow 
rates. Use a gravimetric reference 
measurement (such as a scale, balance, 
or mass comparator) at the inlet to the 
fuel-measurement system. Use a stop-
watch or timer to measure the time in-
tervals over which reference masses of 

fuel are introduced to the fuel meas-
urement system. The reference fuel 
mass divided by the time interval is 
the reference fuel flow rate. 

(5) Flow rates—inlet air, dilution air, 
diluted exhaust, raw exhaust, or sample 
flow. Use a reference flow meter with a 
blower or pump to simulate flow rates. 
Use a restrictor, diverter valve, a vari-
able-speed blower or a variable-speed 
pump to control the range of flow 
rates. Use the reference meter’s re-
sponse as the reference values. 

(i) Reference flow meters. Because the 
flow range requirements for these var-
ious flows are large, we allow a variety 
of reference meters. For example, for 
diluted exhaust flow for a full-flow di-
lution system, we recommend a ref-
erence subsonic venturi flow meter 
with a restrictor valve and a blower to 
simulate flow rates. For inlet air, dilu-
tion air, diluted exhaust for partial- 
flow dilution, raw exhaust, or sample 
flow, we allow reference meters such as 
critical flow orifices, critical flow 
venturis, laminar flow elements, mas-
ter mass flow standards, or Roots me-
ters. Make sure the reference meter is 
calibrated and its calibration is NIST- 
traceable. If you use the difference of 
two flow measurements to determine a 
net flow rate, you may use one of the 
measurements as a reference for the 
other. 

(ii) Reference flow values. Because the 
reference flow is not absolutely con-
stant, sample and record values of ṅrefi 
for 30 seconds and use the arithmetic 
mean of the values, ṅref, as the ref-
erence value. Refer to § 1065.602 for an 
example of calculating arithmetic 
mean. 

(6) Gas division. Use one of the two 
reference signals: 

(i) At the outlet of the gas-division 
system, connect a gas analyzer that 
meets the linearity verification de-
scribed in this section and has not been 
linearized with the gas divider being 
verified. For example, verify the lin-
earity of an analyzer using a series of 
reference analytical gases directly 
from compressed gas cylinders that 
meet the specifications of § 1065.750. We 
recommend using a FID analyzer or a 
PMD or MPD O2 analyzer because of 
their inherent linearity. Operate this 
analyzer consistent with how you 
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would operate it during an emission 
test. Connect a span gas to the gas-di-
vider inlet. Use the gas-division system 
to divide the span gas with purified air 
or nitrogen. Select gas divisions that 
you typically use. Use a selected gas 
division as the measured value. Use the 
analyzer response divided by the span 
gas concentration as the reference gas- 
division value. Because the instrument 
response is not absolutely constant, 
sample and record values of xref for 30 
seconds and use the arithmetic mean of 
the values, x̄ref, as the reference value. 
Refer to § 1065.602 for an example of cal-
culating arithmetic mean. 

(ii) Using good engineering judgment 
and the gas divider manufacturer’s rec-
ommendations, use one or more ref-
erence flow meters to measure the flow 
rates of the gas divider and verify the 
gas-division value. 

(7) Continuous constituent concentra-
tion. For reference values, use a series 
of gas cylinders of known gas con-
centration or use a gas-division system 
that is known to be linear with a span 
gas. Gas cylinders, gas-division sys-
tems, and span gases that you use for 
reference values must meet the speci-
fications of § 1065.750. 

(8) Temperature. You may perform the 
linearity verification for temperature 
measurement systems with 
thermocouples, RTDs, and thermistors 
by removing the sensor from the sys-
tem and using a simulator in its place. 
Use a NIST-traceable simulator that is 
independently calibrated and, as appro-
priate, cold-junction-compensated. The 
simulator uncertainty scaled to abso-
lute temperature must be less than 
0.5% of Tmax. If you use this option, you 
must use sensors that the supplier 
states are accurate to better than 0.5% 
of Tmax compared with their standard 
calibration curve. 

(9) Mass. For linearity verification 
for gravimetric PM balances, use exter-
nal calibration weights that meet the 
requirements in § 1065.790. 

(e) Measurement systems that require 
linearity verification. Table 1 of this sec-
tion indicates measurement systems 
that require linearity verification, sub-
ject to the following provisions: 

(1) Perform linearity verification 
more frequently based on the instru-

ment manufacturer’s recommendation 
or good engineering judgment. 

(2) The expression ‘‘xmin’’ refers to the 
reference value used during linearity 
verification that is closest to zero. This 
is the value used to calculate the first 
tolerance in Table 1 of this section 
using the intercept, a0. Note that this 
value may be zero, positive, or negative 
depending on the reference values. For 
example, if the reference values chosen 
to validate a pressure transducer vary 
from ¥10 to ¥1 kPa, xmin is ¥1 kPa. If 
the reference values used to validate a 
temperature device vary from 290 to 390 
K, xmin is 290 K. 

(3) The expression ‘‘max’’ generally 
refers to the absolute value of the ref-
erence value used during linearity 
verification that is furthest from zero. 
This is the value used to scale the first 
and third tolerances in Table 1 of this 
section using a0 and SEE. For example, 
if the reference values chosen to vali-
date a pressure transducer vary from 
¥10 to ¥1 kPa, then pmax is + 10 kPa. If 
the reference values used to validate a 
temperature device vary from 290 to 390 
K, then Tmax is 390 K. For gas dividers 
where ‘‘max’’ is expressed as, xmax/xspan; 
xmax is the maximum gas concentration 
used during the verification, xspan is the 
undivided, undiluted, span gas con-
centration, and the resulting ratio is 
the maximum divider point reference 
value used during the verification 
(typically 1). The following are special 
cases where ‘‘max’’ refers to a different 
value: 

(i) For linearity verification with a 
PM balance, mmax refers to the typical 
mass of a PM filter. 

(ii) For linearity verification of 
torque on the engine’s primary output 
shaft, Tmax refers to the manufacturer’s 
specified engine torque peak value of 
the lowest torque engine to be tested. 

(4) The specified ranges are inclusive. 
For example, a specified range of 0.98– 
1.02 for a1 means 0.98≤a1≤1.02. 

(5) Linearity verification is optional 
for systems that pass the flow-rate 
verification for diluted exhaust as de-
scribed in § 1065.341 (the propane check) 
or for systems that agree within ±2% 
based on a chemical balance of carbon 
or oxygen of the intake air, fuel, and 
exhaust. 
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(6) You must meet the a1 criteria for 
these quantities only if the absolute 
value of the quantity is required, as op-
posed to a signal that is only linearly 
proportional to the actual value. 

(7) Linearity verification is required 
for the following temperature measure-
ments: 

(i) The following temperature meas-
urements always require linearity 
verification: 

(A) Air intake. 
(B) Aftertreatment bed(s), for engines 

tested with aftertreatment devices sub-
ject to cold-start testing. 

(C) Dilution air for gaseous and PM 
sampling, including CVS, double-dilu-
tion, and partial-flow systems. 

(D) PM sample. 
(E) Chiller sample, for gaseous sam-

pling systems that use thermal chillers 
to dry samples and use chiller tempera-
ture to calculate the dewpoint at the 
outlet of the chiller. For your testing, 
if you choose to use a high alarm tem-
perature setpoint for the chiller tem-
perature as a constant value in deter-
mining the amount of water removed 
from the emission sample, you may use 
good engineering judgment to verify 
the accuracy of the high alarm tem-
perature setpoint instead of linearity 
verification on the chiller temperature. 
To verify that the alarm trip point 
value is no less than 2.0 °C below the 
reference value at the trip point, we 
recommend that you input a reference 
simulated temperature signal below 
the alarm trip point and increase this 
signal until the high alarm trips. 

(ii) Linearity verification is required 
for the following temperature measure-
ments if these temperature measure-
ments are specified by the engine man-
ufacturer: 

(A) Fuel inlet. 
(B) Air outlet to the test cell’s 

charge air cooler air outlet, for engines 
tested with a laboratory heat ex-
changer that simulates an installed 
charge air cooler. 

(C) Coolant inlet to the test cell’s 
charge air cooler, for engines tested 
with a laboratory heat exchanger that 
simulates an installed charge air cool-
er. 

(D) Oil in the sump/pan. 
(E) Coolant before the thermostat, 

for liquid-cooled engines. 
(8) Linearity verification is required 

for the following pressure measure-
ments: 

(i) The following pressure measure-
ments always require linearity 
verification: 

(A) Air intake restriction. 
(B) Exhaust back pressure as re-

quired in § 1065.130(h). 
(C) Barometer. 
(D) CVS inlet gage pressure where 

the raw exhaust enters the tunnel. 
(E) Sample dryer, for gaseous sam-

pling systems that use either osmotic- 
membrane or thermal chillers to dry 
samples. For your testing, if you 
choose to use a low alarm pressure set-
point for the sample dryer pressure as 
a constant value in determining the 
amount of water removed from the 
emission sample, you may use good en-
gineering judgment to verify the accu-
racy of the low alarm pressure setpoint 
instead of linearity verification on the 
sample dryer pressure. To verify that 
the trip point value is no more than 4.0 
kPa above the reference value at the 
trip point, we recommend that you 
input a reference pressure signal above 
the alarm trip point and decrease this 
signal until the low alarm trips. 

(ii) Linearity verification is required 
for the following pressure measure-
ments if these pressure measurements 
are specified by the engine manufac-
turer: 

(A) The test cell’s charge air cooler 
and interconnecting pipe pressure drop, 
for turbo-charged engines tested with a 
laboratory heat exchanger that simu-
lates an installed charge air cooler. 

(B) Fuel outlet. 

TABLE 1 OF § 1065.307—MEASUREMENT SYSTEMS THAT REQUIRE LINEARITY VERIFICATION 

Measurement system Quantity 
Linearity criteria 

|xmin(a1¥1) + a 0| a1 SEE r 2 

Speed ...................................................... fn .................... ≤0.05% · fnmax ..... 0.98–1.02 ≤2% · fnmax .......... ≥0.990 
Torque ..................................................... T .................... ≤1% · Tmax .......... 0.98–1.02 ≤2% · Tmax .......... ≥0.990 
Electrical power ....................................... P .................... ≤1% · Pmax 0.98–1.02 ≤2% · Pmax ≥0.990 
Current ..................................................... I ...................... ≤1% · Imax 0.98–1.02 ≤2% · Imax ≥0.990 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00113 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



104 

40 CFR Ch. I (7–1–18 Edition) § 1065.308 

TABLE 1 OF § 1065.307—MEASUREMENT SYSTEMS THAT REQUIRE LINEARITY VERIFICATION— 
Continued 

Measurement system Quantity 
Linearity criteria 

|xmin(a1¥1) + a 0| a1 SEE r 2 

Voltage ..................................................... U .................... ≤1% · Umax ......... 0.98–1.02 ≤2% · Umax ......... ≥0.990 
Fuel flow rate ........................................... ṁ .................... ≤1% · ṁmax ......... 0.98–1.02 ≤2% · ṁmax ......... ≥0.990 
Intake-air ..................................................
flow rate1 ...............................................

ṅ ..................... ≤1% · ṅmax .......... 0.98–1.02 ≤2% · ṅmax .......... ≥0.990 

Dilution air flow rate 1 .............................. ṅ ..................... ≤1% · ṅmax .......... 0.98–1.02 ≤2% · ṅmax .......... ≥0.990 
Diluted exhaust flow rate 1 ....................... ṅ ..................... ≤1% · ṅmax .......... 0.98–1.02 ≤2% · ṅmax .......... ≥0.990 
Raw exhaust flow rate 1 ........................... ṅ ..................... ≤1% · ṅmax .......... 0.98–1.02 ≤2% · ṅmax .......... ≥0.990 
Batch sampler flow rates 1 ....................... ṅ ..................... ≤1% · ṅmax .......... 0.98–1.02 ≤2% · ṅmax .......... ≥0.990 
Gas dividers ............................................. x/xspan ............. ≤0.5% · xmax/xspan 0.98–1.02 ≤2% · xmax/xspan .. ≥0.990 
Gas analyzers for laboratory testing ....... x ..................... ≤0.5% · xmax ....... 0.99–1.01 ≤1% · xmax .......... ≥0.998 
Gas analyzers for field testing ................. x ..................... ≤1% · xmax .......... 0.99–1.01 ≤1% · xmax .......... ≥0.998 
PM balance .............................................. m .................... ≤1% · mmax ......... 0.99–1.01 ≤1% · mmax ......... ≥0.998 
Pressures ................................................. p ..................... ≤1% · pmax .......... 0.99–1.01 ≤1% · pmax .......... ≥0.998 
Dewpoint for intake air, PM-stabilization 

and balance environments.
Tdew ................ ≤0.5% · Tdewmax .. 0.99–1.01 ≤0.5% · Tdewmax .. ≥0.998 

Other dewpoint measurements ............... Tdew ................ ≤1% · Tdewmax- .... 0.99–1.01 ≤1% · Tdewmax- .... ≥0.998 
Analog-to-digital conversion of tempera-

ture signals.
T .................... ≤1% · Tmax .......... 0.99–1.01 ≤1% · Tmax .......... ≥0.998 

1 For flow meters that determine volumetric flow rate, V̇std, you may substitute V̇std for ṅ as the quantity and substitute V̇stdmax 
for ṅmax. 

[79 FR 23763, Apr. 28, 2014] 

§ 1065.308 Continuous gas analyzer 
system-response and updating-re-
cording verification—for gas ana-
lyzers not continuously com-
pensated for other gas species. 

(a) Scope and frequency. This section 
describes a verification procedure for 
system response and updating-record-
ing frequency for continuous gas ana-
lyzers that output a gas species mole 
fraction (i.e., concentration) using a 
single gas detector, i.e., gas analyzers 
not continuously compensated for 
other gas species measured with mul-
tiple gas detectors. See § 1065.309 for 
verification procedures that apply to 
continuous gas analyzers that are con-
tinuously compensated for other gas 
species measured with multiple gas de-
tectors. Perform this verification to 
determine the system response of the 
continuous gas analyzer and its sam-
pling system. This verification is re-
quired for continuous gas analyzers 
used for transient or ramped-modal 
testing. You need not perform this 
verification for batch gas analyzer sys-
tems or for continuous gas analyzer 
systems that are used only for discrete- 
mode testing. Perform this verification 
after initial installation (i.e., test cell 
commissioning) and after any modi-
fications to the system that would 
change system response. For example, 

perform this verification if you add a 
significant volume to the transfer lines 
by increasing their length or adding a 
filter; or if you reduce the frequency at 
which the gas analyzer updates its out-
put or the frequency at which you sam-
ple and record gas-analyzer concentra-
tions. 

(b) Measurement principles. This test 
verifies that the updating and record-
ing frequencies match the overall sys-
tem response to a rapid change in the 
value of concentrations at the sample 
probe. Gas analyzers and their sam-
pling systems must be optimized such 
that their overall response to a rapid 
change in concentration is updated and 
recorded at an appropriate frequency 
to prevent loss of information. This 
test also verifies that the measurement 
system meets a minimum response 
time. You may use the results of this 
test to determine transformation time, 
t50, for the purposes of time alignment 
of continuous data in accordance with 
§ 1065.650(c)(2)(i). You may also use an 
alternate procedure to determine t50 in 
accordance with good engineering judg-
ment. Note that any such procedure for 
determining t50 must account for both 
transport delay and analyzer response 
time. 
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(c) System requirements. Demonstrate 
that each continuous analyzer has ade-
quate update and recording frequencies 
and has a minimum rise time and a 
minimum fall time during a rapid 
change in gas concentration. You must 
meet one of the following criteria: 

(1) The product of the mean rise 
time, t10–90, and the frequency at which 
the system records an updated con-
centration must be at least 5, and the 
product of the mean fall time, t90–10, 
and the frequency at which the system 
records an updated concentration must 
be at least 5. If the recording frequency 
is different than the analyzer’s output 
update frequency, you must use the 
lower of these two frequencies for this 
verification, which is referred to as the 
updating-recording frequency. This 
verification applies to the nominal up-
dating and recording frequencies. This 
criterion makes no assumption regard-
ing the frequency content of changes in 
emission concentrations during emis-
sion testing; therefore, it is valid for 
any testing. Also, the mean rise time 
must be at or below 10 seconds and the 
mean fall time must be at or below 10 
seconds. 

(2) The frequency at which the sys-
tem records an updated concentration 
must be at least 5 Hz. This criterion as-
sumes that the frequency content of 
significant changes in emission con-
centrations during emission testing do 
not exceed 1 Hz. Also, the mean rise 
time must be at or below 10 seconds 
and the mean fall time must be at or 
below 10 seconds. 

(3) You may use other criteria if we 
approve the criteria in advance. 

(4) You may meet the overall PEMS 
verification in § 1065.920 instead of the 
verification in this section for field 
testing with PEMS. 

(d) Procedure. Use the following pro-
cedure to verify the response of each 
continuous gas analyzer: 

(1) Instrument setup. Follow the ana-
lyzer manufacturer’s start-up and oper-
ating instructions. Adjust the measure-
ment system as needed to optimize per-
formance. Run this verification with 
the analyzer operating in the same 
manner you will use for emission test-
ing. If the analyzer shares its sampling 
system with other analyzers, and if gas 
flow to the other analyzers will affect 

the system response time, then start 
up and operate the other analyzers 
while running this verification test. 
You may run this verification test on 
multiple analyzers sharing the same 
sampling system at the same time. If 
you use any analog or real-time digital 
filters during emission testing, you 
must operate those filters in the same 
manner during this verification. 

(2) Equipment setup. We recommend 
using minimal lengths of gas transfer 
lines between all connections and fast- 
acting three-way valves (2 inlets, 1 out-
let) to control the flow of zero and 
blended span gases to the sample sys-
tem’s probe inlet or a tee near the out-
let of the probe. If you inject the gas at 
a tee near the outlet of the probe, you 
may correct the transformation time, 
t50, for an estimate of the transport 
time from the probe inlet to the tee. 
Normally the gas flow rate is higher 
than the sample flow rate and the ex-
cess is overflowed out the inlet of the 
probe. If the gas flow rate is lower than 
the sample flow rate, the gas con-
centrations must be adjusted to ac-
count for the dilution from ambient air 
drawn into the probe. We recommend 
you use the final, stabilized analyzer 
reading as the final gas concentration. 
Select span gases for the species being 
measured. You may use binary or 
multi-gas span gases. You may use a 
gas blending or mixing device to blend 
span gases. A gas blending or mixing 
device is recommended when blending 
span gases diluted in N2 with span 
gases diluted in air. You may use a 
multi-gas span gas, such as NO–CO– 
CO2-C3H8-CH4, to verify multiple ana-
lyzers at the same time. If you use 
standard binary span gases, you must 
run separate response tests for each an-
alyzer. In designing your experimental 
setup, avoid pressure pulsations due to 
stopping the flow through the gas- 
blending device. The change in gas con-
centration must be at least 20% of the 
analyzer’s range. 

(3) Data collection. (i) Start the flow 
of zero gas. 

(ii) Allow for stabilization, account-
ing for transport delays and the slow-
est analyzer’s full response. 

(iii) Start recording data. For this 
verification you must record data at a 
frequency greater than or equal to that 
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of the updating-recording frequency 
used during emission testing. You may 
not use interpolation or filtering to 
alter the recorded values. 

(iv) Switch the flow to allow the 
blended span gases to flow to the ana-
lyzer. If you intend to use the data 
from this test to determine t50 for time 
alignment, record this time as t0. 

(v) Allow for transport delays and the 
slowest analyzer’s full response. 

(vi) Switch the flow to allow zero gas 
to flow to the analyzer. If you intend 
to use the data from this test to deter-
mine t50 for time alignment, record this 
time as t100. 

(vii) Allow for transport delays and 
the slowest analyzer’s full response. 

(viii) Repeat the steps in paragraphs 
(d)(3)(iv) through (vii) of this section to 
record seven full cycles, ending with 
zero gas flowing to the analyzers. 

(ix) Stop recording. 
(e) Performance evaluation. (1) If you 

choose to demonstrate compliance 
with paragraph (c)(1) of this section, 
use the data from paragraph (d)(3) of 
this section to calculate the mean rise 
time, t10–90, and mean fall time, t90–10, 
for each of the analyzers being verified. 
You may use interpolation between re-
corded values to determine rise and fall 
times. If the recording frequency used 
during emission testing is different 
from the analyzer’s output update fre-
quency, you must use the lower of 
these two frequencies for this 
verification. Multiply these times (in 
seconds) by their respective updating- 
recording frequencies in Hertz (1/sec-
ond). The resulting product must be at 
least 5 for both rise time and fall time. 
If either value is less than 5, increase 
the updating-recording frequency, or 
adjust the flows or design of the sam-
pling system to increase the rise time 
and fall time as needed. You may also 
configure analog or digital filters be-
fore recording to increase rise and fall 
times. In no case may the mean rise 
time or mean fall time be greater than 
10 seconds. 

(2) If a measurement system fails the 
criterion in paragraph (e)(1) of this sec-
tion, ensure that signals from the sys-
tem are updated and recorded at a fre-
quency of at least 5 Hz. In no case may 
the mean rise time or mean fall time 
be greater than 10 seconds. 

(3) If a measurement system fails the 
criteria in paragraphs (e)(1) and (2) of 
this section, you may use the measure-
ment system only if the deficiency 
does not adversely affect your ability 
to show compliance with the applicable 
standards. 

(f) Transformation time, t50, determina-
tion. If you choose to determine t50 for 
purposes of time alignment using data 
generated in paragraph (d)(3) of this 
section, calculate the mean t0–50 and 
the mean t100–50 from the recorded data. 
Average these two values to determine 
the final t50 for the purposes of time 
alignment in accordance with 
§ 1065.650(c)(2)(i). 

(g) Optional procedure. Instead of 
using a three-way valve to switch be-
tween zero and span gases, you may use 
a fast-acting two-way valve to switch 
sampling between ambient air and span 
gas at the probe inlet. For this alter-
nate procedure, the following provi-
sions apply: 

(1) If your probe is sampling from a 
continuously flowing gas stream (e.g., 
a CVS tunnel), you may adjust the 
span gas flow rate to be different than 
the sample flow rate. 

(2) If your probe is sampling from a 
gas stream that is not continuously 
flowing (e.g., a raw exhaust stack), you 
must adjust the span gas flow rate to 
be less than the sample flow rate so 
ambient air is always being drawn into 
the probe inlet. This avoids errors asso-
ciated with overflowing span gas out of 
the probe inlet and drawing it back in 
when sampling ambient air. 

(3) When sampling ambient air or am-
bient air mixed with span gas, all the 
analyzer readings must be stable with-
in ±0.5% of the target gas concentra-
tion step size. If any analyzer reading 
is outside the specified range, you must 
resolve the problem and verify that all 
the analyzer readings meet this speci-
fication. 

(4) For oxygen analyzers, you may 
use purified N2 as the zero gas and am-
bient air (plus purified N2 if needed) as 
the reference gas. Perform the 
verification with seven repeat meas-
urements that each consist of stabi-
lizing with purified N2, switching to 
ambient air and observing the ana-
lyzer’s rise and stabilized reading, fol-
lowed by switching back to purified N2 
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and observing the analyzer’s fall and 
stabilized reading. 

[73 FR 59325, Oct. 8, 2008, as amended at 79 FR 
23766, Apr. 28, 2014] 

§ 1065.309 Continuous gas analyzer 
system-response and updating-re-
cording verification—for gas ana-
lyzers continuously compensated 
for other gas species. 

(a) Scope and frequency. This section 
describes a verification procedure for 
system response and updating-record-
ing frequency for continuous gas ana-
lyzers that output a single gas species 
mole fraction (i.e., concentration) 
based on a continuous combination of 
multiple gas species measured with 
multiple detectors (i.e., gas analyzers 
continuously compensated for other 
gas species). See § 1065.308 for 
verification procedures that apply to 
continuous gas analyzers that are not 
continuously compensated for other 
gas species or that use only one detec-
tor for gaseous species. Perform this 
verification to determine the system 
response of the continuous gas ana-
lyzer and its sampling system. This 
verification is required for continuous 
gas analyzers used for transient or 
ramped-modal testing. You need not 
perform this verification for batch gas 
analyzers or for continuous gas ana-
lyzers that are used only for discrete- 
mode testing. For this check we con-
sider water vapor a gaseous con-
stituent. This verification does not 
apply to any processing of individual 
analyzer signals that are time-aligned 
to their t50 times and were verified ac-
cording to § 1065.308. For example, this 
verification does not apply to correc-
tion for water removed from the sam-
ple done in post-processing according 
to § 1065.659 (40 CFR 1066.620 for vehicle 
testing) and it does not apply to NMHC 
determination from THC and CH4 ac-
cording to § 1065.660. Perform this 
verification after initial installation 
(i.e., test cell commissioning) and after 
any modifications to the system that 
would change the system response. 

(b) Measurement principles. This pro-
cedure verifies that the updating and 
recording frequencies match the over-
all system response to a rapid change 
in the value of concentrations at the 
sample probe. It indirectly verifies the 

time-alignment and uniform response 
of all the continuous gas detectors used 
to generate a continuously combined/ 
compensated concentration measure-
ment signal. Gas analyzer systems 
must be optimized such that their 
overall response to rapid change in 
concentration is updated and recorded 
at an appropriate frequency to prevent 
loss of information. This test also 
verifies that the measurement system 
meets a minimum response time. For 
this procedure, ensure that all com-
pensation algorithms and humidity 
corrections are turned on. You may use 
the results of this test to determine 
transformation time, t50, for the pur-
poses of time alignment of continuous 
data in accordance with 
§ 1065.650(c)(2)(i). You may also use an 
alternate procedure to determine t50 
consistent with good engineering judg-
ment. Note that any such procedure for 
determining t50 must account for both 
transport delay and analyzer response 
time. 

(c) System requirements. Demonstrate 
that each continuously combined/com-
pensated concentration measurement 
has adequate updating and recording 
frequencies and has a minimum rise 
time and a minimum fall time during a 
system response to a rapid change in 
multiple gas concentrations, including 
H2O concentration if H2O compensation 
is applied. You must meet one of the 
following criteria: 

(1) The product of the mean rise 
time, t10–90, and the frequency at which 
the system records an updated con-
centration must be at least 5, and the 
product of the mean fall time, t90–10, 
and the frequency at which the system 
records an updated concentration must 
be at least 5. If the recording frequency 
is different than the update frequency 
of the continuously combined/com-
pensated signal, you must use the 
lower of these two frequencies for this 
verification. This criterion makes no 
assumption regarding the frequency 
content of changes in emission con-
centrations during emission testing; 
therefore, it is valid for any testing. 
Also, the mean rise time must be at or 
below 10 seconds and the mean fall 
time must be at or below 10 seconds. 

(2) The frequency at which the sys-
tem records an updated concentration 
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must be at least 5 Hz. This criterion as-
sumes that the frequency content of 
significant changes in emission con-
centrations during emission testing do 
not exceed 1 Hz. Also, the mean rise 
time must be at or below 10 seconds 
and the mean fall time must be at or 
below 10 seconds. 

(3) You may use other criteria if we 
approve them in advance. 

(4) You may meet the overall PEMS 
verification in § 1065.920 instead of the 
verification in this section for field 
testing with PEMS. 

(d) Procedure. Use the following pro-
cedure to verify the response of each 
continuously compensated analyzer 
(verify the combined signal, not each 
individual continuously combined con-
centration signal): 

(1) Instrument setup. Follow the ana-
lyzer manufacturer’s start-up and oper-
ating instructions. Adjust the measure-
ment system as needed to optimize per-
formance. Run this verification with 
the analyzer operating in the same 
manner you will use for emission test-
ing. If the analyzer shares its sampling 
system with other analyzers, and if gas 
flow to the other analyzers will affect 
the system response time, then start 
up and operate the other analyzers 
while running this verification test. 
You may run this verification test on 
multiple analyzers sharing the same 
sampling system at the same time. If 
you use any analog or real-time digital 
filters during emission testing, you 
must operate those filters in the same 
manner during this verification. 

(2) Equipment setup. We recommend 
using minimal lengths of gas transfer 
lines between all connections and fast- 
acting three-way valves (2 inlets, 1 out-
let) to control the flow of zero and 
blended span gases to the sample sys-
tem’s probe inlet or a tee near the out-
let of the probe. If you inject the gas at 
a tee near the outlet of the probe, you 
may correct the transformation time, 
t50, for an estimate of the transport 
time from the probe inlet to the tee. 
Normally the gas flow rate is higher 
than the sample flow rate and the ex-
cess is overflowed out the inlet of the 
probe. If the gas flow rate is lower than 
the sample flow rate, the gas con-
centrations must be adjusted to ac-
count for the dilution from ambient air 

drawn into the probe. We recommend 
you use the final, stabilized analyzer 
reading as the final gas concentration. 
Select span gases for the species being 
continuously combined, other than 
H2O. Select concentrations of compen-
sating species that will yield con-
centrations of these species at the ana-
lyzer inlet that covers the range of 
concentrations expected during test-
ing. You may use binary or multi-gas 
span gases. You may use a gas blending 
or mixing device to blend span gases. A 
gas blending or mixing device is rec-
ommended when blending span gases 
diluted in N2 with span gases diluted in 
air. You may use a multi-gas span gas, 
such as NO–CO–CO2-C3H8-CH4, to verify 
multiple analyzers at the same time. In 
designing your experimental setup, 
avoid pressure pulsations due to stop-
ping the flow through the gas blending 
device. The change in gas concentra-
tion must be at least 20% of the ana-
lyzer’s range. If H2O correction is appli-
cable, then span gases must be humidi-
fied before entering the analyzer; how-
ever, you may not humidify NO2 span 
gas by passing it through a sealed hu-
midification vessel that contains 
water. You must humidify NO2 span 
gas with another moist gas stream. We 
recommend humidifying your NO–CO– 
CO2-C3H8-CH4, balance N2 blended gas 
by flowing the gas mixture through a 
sealed vessel that humidifies the gas by 
bubbling it through distilled water and 
then mixing the gas with dry NO2 gas, 
balance purified air. If your system 
does not use a sample dryer to remove 
water from the sample gas, you must 
humidify your span gas to the highest 
sample H2O content that you estimate 
during emission sampling. If your sys-
tem uses a sample dryer during testing, 
it must pass the sample dryer 
verification check in § 1065.342, and you 
must humidify your span gas to an H2O 
content greater than or equal to the 
level determined in § 1065.145(e)(2). If 
you are humidifying span gases with-
out NO2, use good engineering judg-
ment to ensure that the wall tempera-
tures in the transfer lines, fittings, and 
valves from the humidifying system to 
the probe are above the dewpoint re-
quired for the target H2O content. If 
you are humidifying span gases with 
NO2, use good engineering judgment to 
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ensure that there is no condensation in 
the transfer lines, fittings, or valves 
from the point where humidified gas is 
mixed with NO2 span gas to the probe. 
We recommend that you design your 
setup so that the wall temperatures in 
the transfer lines, fittings, and valves 
from the humidifying system to the 
probe are at least 5 °C above the local 
sample gas dewpoint. Operate the 
measurement and sample handling sys-
tem as you do for emission testing. 
Make no modifications to the sample 
handling system to reduce the risk of 
condensation. Flow humidified gas 
through the sampling system before 
this check to allow stabilization of the 
measurement system’s sampling han-
dling system to occur, as it would for 
an emission test. 

(3) Data collection. (i) Start the flow 
of zero gas. 

(ii) Allow for stabilization, account-
ing for transport delays and the slow-
est analyzer’s full response. 

(iii) Start recording data. For this 
verification you must record data at a 
frequency greater than or equal to that 
of the updating-recording frequency 
used during emission testing. You may 
not use interpolation or filtering to 
alter the recorded values. 

(iv) Switch the flow to allow the 
blended span gases to flow to the ana-
lyzer. If you intend to use the data 
from this test to determine t50 for time 
alignment, record this time as t0. 

(v) Allow for transport delays and the 
slowest analyzer’s full response. 

(vi) Switch the flow to allow zero gas 
to flow to the analyzer. If you intend 
to use the data from this test to deter-
mine t50 for time alignment, record this 
time as t100. 

(vii) Allow for transport delays and 
the slowest analyzer’s full response. 

(viii) Repeat the steps in paragraphs 
(d)(3)(iv) through (vii) of this section to 
record seven full cycles, ending with 
zero gas flowing to the analyzers. 

(ix) Stop recording. 
(e) Performance evaluations. (1) If you 

choose to demonstrate compliance 
with paragraph (c)(1) of this section, 
use the data from paragraph (d)(3) of 
this section to calculate the mean rise 
time, t10–90, and mean fall time, t90–10, 
for the continuously combined signal 
from each analyzer being verified. You 

may use interpolation between re-
corded values to determine rise and fall 
times. If the recording frequency used 
during emission testing is different 
from the analyzer’s output update fre-
quency, you must use the lower of 
these two frequencies for this 
verification. Multiply these times (in 
seconds) by their respective updating- 
recording frequencies in Hz (1/second). 
The resulting product must be at least 
5 for both rise time and fall time. If ei-
ther value is less than 5, increase the 
updating-recording frequency or adjust 
the flows or design of the sampling sys-
tem to increase the rise time and fall 
time as needed. You may also configure 
analog or digital filters before record-
ing to increase rise and fall times. In 
no case may the mean rise time or 
mean fall time be greater than 10 sec-
onds. 

(2) If a measurement system fails the 
criterion in paragraph (e)(1) of this sec-
tion, ensure that signals from the sys-
tem are updated and recorded at a fre-
quency of at least 5 Hz. In no case may 
the mean rise time or mean fall time 
be greater than 10 seconds. 

(3) If a measurement system fails the 
criteria in paragraphs (e)(1) and (2) of 
this section, you may use the measure-
ment system only if the deficiency 
does not adversely affect your ability 
to show compliance with the applicable 
standards. 

(f) Transformation time, t50, determina-
tion. If you choose to determine t50 for 
purposes of time alignment using data 
generated in paragraph (d)(3) of this 
section, calculate the mean t0–50 and 
the mean t100–50 from the recorded data. 
Average these two values to determine 
the final t50 for the purposes of time 
alignment in accordance with 
§ 1065.650(c)(2)(i). 

(g) Optional procedure. Follow the op-
tional procedures in § 1065.308(g), noting 
that you may use compensating gases 
mixed with ambient air for oxygen ana-
lyzers. 

(h) Analyzers with H2O compensation 
sampling downstream of a sample dryer. 
You may omit humidifying the span 
gas as described in this paragraph (h). 
If an analyzer compensates only for 
H2O, you may apply the requirements 
of § 1065.308 instead of the requirements 
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of this section. You may omit humidi-
fying the span gas if you meet the fol-
lowing conditions: 

(1) The analyzer is located down-
stream of a sample dryer. 

(2) The maximum value for H2O mole 
fraction downstream of the dryer must 
be less than or equal to 0.010. Verify 
this during each sample dryer 
verification according to § 1065.342. 

[73 FR 59326, Oct. 8, 2008, as amended at 75 FR 
23039, Apr. 30, 2010; 79 FR 23767, Apr. 28, 2014] 

MEASUREMENT OF ENGINE PARAMETERS 
AND AMBIENT CONDITIONS 

§ 1065.310 Torque calibration. 
(a) Scope and frequency. Calibrate all 

torque-measurement systems including 
dynamometer torque measurement 
transducers and systems upon initial 
installation and after major mainte-
nance. Use good engineering judgment 
to repeat the calibration. Follow the 
torque transducer manufacturer’s in-
structions for linearizing your torque 
sensor’s output. We recommend that 
you calibrate the torque-measurement 
system with a reference force and a 
lever arm. 

(b) Recommended procedure to quantify 
lever-arm length. Quantify the lever-arm 
length, NIST-traceable within ±0.5% 
uncertainty. The lever arm’s length 
must be measured from the centerline 
of the dynamometer to the point at 
which the reference force is measured. 
The lever arm must be perpendicular to 
gravity (i.e., horizontal), and it must 
be perpendicular to the dynamometer’s 
rotational axis. Balance the lever 
arm’s torque or quantify its net hang-
ing torque, NIST-traceable within ±1% 
uncertainty, and account for it as part 
of the reference torque. 

(c) Recommended procedure to quantify 
reference force. We recommend dead- 
weight calibration, but you may use ei-
ther of the following procedures to 
quantify the reference force, NIST- 
traceable within ±0.5% uncertainty. 

(1) Dead-weight calibration. This tech-
nique applies a known force by hanging 
known weights at a known distance 
along a lever arm. Make sure the 
weights’ lever arm is perpendicular to 
gravity (i.e., horizontal) and perpen-
dicular to the dynamometer’s rota-
tional axis. Apply at least six calibra-

tion-weight combinations for each ap-
plicable torque-measuring range, spac-
ing the weight quantities about equally 
over the range. Oscillate or rotate the 
dynamometer during calibration to re-
duce frictional static hysteresis. Deter-
mine each weight’s reference force by 
multiplying its NIST-traceable mass 
by the local acceleration of Earth’s 
gravity, as described in § 1065.630. Cal-
culate the reference torque as the 
weights’ reference force multiplied by 
the lever arm reference length. 

(2) Strain gage, load transducer, or 
proving ring calibration. This technique 
applies force either by hanging weights 
on a lever arm (these weights and their 
lever arm length are not used as part of 
the reference torque determination) or 
by operating the dynamometer at dif-
ferent torques. Apply at least six force 
combinations for each applicable 
torque-measuring range, spacing the 
force quantities about equally over the 
range. Oscillate or rotate the dyna-
mometer during calibration to reduce 
frictional static hysteresis. In this 
case, the reference torque is deter-
mined by multiplying the force output 
from the reference meter (such as a 
strain gage, load transducer, or proving 
ring) by its effective lever-arm length, 
which you measure from the point 
where the force measurement is made 
to the dynamometer’s rotational axis. 
Make sure you measure this length 
perpendicular to the reference meter’s 
measurement axis and perpendicular to 
the dynamometer’s rotational axis. 

[79 FR 23768, Apr. 28, 2014] 

§ 1065.315 Pressure, temperature, and 
dewpoint calibration. 

(a) Calibrate instruments for meas-
uring pressure, temperature, and dew-
point upon initial installation. Follow 
the instrument manufacturer’s instruc-
tions and use good engineering judg-
ment to repeat the calibration, as fol-
lows: 

(1) Pressure. We recommend tempera-
ture-compensated, digital-pneumatic, 
or deadweight pressure calibrators, 
with data-logging capabilities to mini-
mize transcription errors. We rec-
ommend using calibration reference 
quantities that are NIST-traceable 
within 0.5% uncertainty. 
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(2) Temperature. We recommend dig-
ital dry-block or stirred-liquid tem-
perature calibrators, with data logging 
capabilities to minimize transcription 
errors. We recommend using calibra-
tion reference quantities that are 
NIST-traceable within 0.5% uncer-
tainty. You may perform linearity 
verification for temperature measure-
ment systems with thermocouples, 
RTDs, and thermistors by removing 
the sensor from the system and using a 
simulator in its place. Use a NIST- 
traceable simulator that is independ-
ently calibrated and, as appropriate, 
cold-junction compensated. The simu-
lator uncertainty scaled to absolute 
temperature must be less than 0.5% of 
Tmax. If you use this option, you must 
use sensors that the supplier states are 
accurate to better than 0.5% of Tmax 
compared with their standard calibra-
tion curve. 

(3) Dewpoint. We recommend a min-
imum of three different temperature- 
equilibrated and temperature-mon-
itored calibration salt solutions in con-
tainers that seal completely around 
the dewpoint sensor. We recommend 
using calibration reference quantities 
that are NIST-traceable within 0.5% 
uncertainty. 

(b) You may remove system compo-
nents for off-site calibration. We rec-
ommend specifying calibration ref-
erence quantities that are NIST-trace-
able within 0.5% uncertainty. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37305, June 30, 2008; 75 FR 23040, Apr. 30, 
2010; 79 FR 23768, Apr. 28, 2014] 

FLOW-RELATED MEASUREMENTS 

§ 1065.320 Fuel-flow calibration. 
(a) Calibrate fuel-flow meters upon 

initial installation. Follow the instru-
ment manufacturer’s instructions and 
use good engineering judgment to re-
peat the calibration. 

(b) You may also develop a procedure 
based on a chemical balance of carbon 
or oxygen in engine exhaust. 

(c) You may remove system compo-
nents for off-site calibration. When in-
stalling a flow meter with an off-site 
calibration, we recommend that you 
consider the effects of the tubing con-
figuration upstream and downstream of 
the flow meter. We recommend speci-

fying calibration reference quantities 
that are NIST-traceable within 0.5% 
uncertainty. 

§ 1065.325 Intake-flow calibration. 

(a) Calibrate intake-air flow meters 
upon initial installation. Follow the in-
strument manufacturer’s instructions 
and use good engineering judgment to 
repeat the calibration. We recommend 
using a calibration subsonic venturi, 
ultrasonic flow meter or laminar flow 
element. We recommend using calibra-
tion reference quantities that are 
NIST-traceable within 0.5% uncer-
tainty. 

(b) You may remove system compo-
nents for off-site calibration. When in-
stalling a flow meter with an off-site 
calibration, we recommend that you 
consider the effects of the tubing con-
figuration upstream and downstream of 
the flow meter. We recommend speci-
fying calibration reference quantities 
that are NIST-traceable within 0.5% 
uncertainty. 

(c) If you use a subsonic venturi or 
ultrasonic flow meter for intake flow 
measurement, we recommend that you 
calibrate it as described in § 1065.340. 

§ 1065.330 Exhaust-flow calibration. 

(a) Calibrate exhaust-flow meters 
upon initial installation. Follow the in-
strument manufacturer’s instructions 
and use good engineering judgment to 
repeat the calibration. We recommend 
that you use a calibration subsonic 
venturi or ultrasonic flow meter and 
simulate exhaust temperatures by in-
corporating a heat exchanger between 
the calibration meter and the exhaust- 
flow meter. If you can demonstrate 
that the flow meter to be calibrated is 
insensitive to exhaust temperatures, 
you may use other reference meters 
such as laminar flow elements, which 
are not commonly designed to with-
stand typical raw exhaust tempera-
tures. We recommend using calibration 
reference quantities that are NIST- 
traceable within 0.5% uncertainty. 

(b) You may remove system compo-
nents for off-site calibration. When in-
stalling a flow meter with an off-site 
calibration, we recommend that you 
consider the effects of the tubing con-
figuration upstream and downstream of 
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the flow meter. We recommend speci-
fying calibration reference quantities 
that are NIST-traceable within 0.5% 
uncertainty. 

(c) If you use a subsonic venturi or 
ultrasonic flow meter for raw exhaust 
flow measurement, we recommend that 
you calibrate it as described in 
§ 1065.340. 

§ 1065.340 Diluted exhaust flow (CVS) 
calibration. 

(a) Overview. This section describes 
how to calibrate flow meters for di-
luted exhaust constant-volume sam-
pling (CVS) systems. 

(b) Scope and frequency. Perform this 
calibration while the flow meter is in-
stalled in its permanent position, ex-
cept as allowed in paragraph (c) of this 
section. Perform this calibration after 
you change any part of the flow con-
figuration upstream or downstream of 
the flow meter that may affect the 
flow-meter calibration. Perform this 
calibration upon initial CVS installa-
tion and whenever corrective action 
does not resolve a failure to meet the 
diluted exhaust flow verification (i.e., 
propane check) in § 1065.341. 

(c) Ex-situ CFV and SSV calibration. 
You may remove a CFV or SSV from 
its permanent position for calibration 
as long as it meets the following re-
quirements when installed in the CVS: 

(1) Upon installation of the CFV or 
SSV into the CVS, use good engineer-
ing judgment to verify that you have 
not introduced any leaks between the 
CVS inlet and the venturi. 

(2) After ex-situ venturi calibration, 
you must verify all venturi flow com-
binations for CFVs or at minimum of 
10 flow points for an SSV using the pro-
pane check as described in § 1065.341. 
Your propane check result for each 
venturi flow point may not exceed the 
tolerance in § 1065.341(f)(5). 

(3) To verify your ex-situ calibration 
for a CVS with more than a single 
CFV, perform the following check to 
verify that there are no flow meter en-
trance effects that can prevent you 
from passing this verification. 

(i) Use a constant flow device like a 
CFO kit to deliver a constant flow of 
propane to the dilution tunnel. 

(ii) Measure hydrocarbon concentra-
tions at a minimum of 10 separate flow 

rates for an SSV flow meter, or at all 
possible flow combinations for a CFV 
flow meter, while keeping the flow of 
propane constant. We recommend se-
lecting CVS flow rates in a random 
order. 

(iii) Measure the concentration of hy-
drocarbon background in the dilution 
air at the beginning and end of this 
test. Subtract the average background 
concentration from each measurement 
at each flow point before performing 
the regression analysis in paragraph 
(c)(3)(iv) of this section. 

(iv) Perform a power regression using 
all the paired values of flow rate and 
corrected concentration to obtain a re-
lationship in the form of y = a · x b. Use 
concentration as the independent vari-
able and flow rate as the dependent 
variable. For each data point, calculate 
the difference between the measured 
flow rate and the value represented by 
the curve fit. The difference at each 
point must be less than ±1% of the ap-
propriate regression value. The value 
of b must be between ¥1.005 and ¥0.995. 
If your results do not meet these lim-
its, take corrective action consistent 
with § 1065.341(a). 

(d) Reference flow meter. Calibrate a 
CVS flow meter using a reference flow 
meter such as a subsonic venturi flow 
meter, a long-radius ASME/NIST flow 
nozzle, a smooth approach orifice, a 
laminar flow element, a set of critical 
flow venturis, or an ultrasonic flow 
meter. Use a reference flow meter that 
reports quantities that are NIST-trace-
able within ±1% uncertainty. Use this 
reference flow meter’s response to flow 
as the reference value for CVS flow- 
meter calibration. 

(e) Configuration. Calibrate the sys-
tem with any upstream screens or 
other restrictions that will be used 
during testing and that could affect the 
flow ahead of the CVS flow meter, 
using good engineering judgment to 
minimize the effect on the flow dis-
tribution. You may not use any up-
stream screen or other restriction that 
could affect the flow ahead of the ref-
erence flow meter, unless the flow 
meter has been calibrated with such a 
restriction. In the case of a free stand-
ing SSV reference flow meter, you may 
not have any upstream screens. 
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(f) PDP calibration. Calibrate a posi-
tive-displacement pump (PDP) to de-
termine a flow-versus-PDP speed equa-
tion that accounts for flow leakage 
across sealing surfaces in the PDP as a 
function of PDP inlet pressure. Deter-
mine unique equation coefficients for 
each speed at which you operate the 
PDP. Calibrate a PDP flow meter as 
follows: 

(1) Connect the system as shown in 
Figure 1 of this section. 

(2) Leaks between the calibration 
flow meter and the PDP must be less 
than 0.3% of the total flow at the low-
est calibrated flow point; for example, 
at the highest restriction and lowest 
PDP-speed point. 

(3) While the PDP operates, maintain 
a constant temperature at the PDP 
inlet within ±2% of the mean absolute 
inlet temperature, T̄in. 

(4) Set the PDP speed to the first 
speed point at which you intend to 
calibrate. 

(5) Set the variable restrictor to its 
wide-open position. 

(6) Operate the PDP for at least 3 min 
to stabilize the system. Continue oper-
ating the PDP and record the mean 
values of at least 30 seconds of sampled 
data of each of the following quan-
tities: 

(i) The mean flow rate of the ref-
erence flow meter, nÔref. This may in-
clude several measurements of dif-
ferent quantities, such as reference 
meter pressures and temperatures, for 
calculating nÔref. 

(ii) The mean temperature at the 
PDP inlet, T̄in. 

(iii) The mean static absolute pres-
sure at the PDP inlet, p̄in. 

(iv) The mean static absolute pres-
sure at the PDP outlet, p̄out. 

(v) The mean PDP speed, f̄nPDP. 
(7) Incrementally close the restrictor 

valve to decrease the absolute pressure 
at the inlet to the PDP, p̄in. 

(8) Repeat the steps in paragraphs 
(e)(6) and (7) of this section to record 
data at a minimum of six restrictor po-
sitions ranging from the wide open 
restrictor position to the minimum ex-
pected pressure at the PDP inlet or the 
maximum expected differential (outlet 
minus inlet) pressure across the PDP 
during testing. 

(9) Calibrate the PDP by using the 
collected data and the equations in 
§ 1065.640. 

(10) Repeat the steps in paragraphs 
(e)(6) through (9) of this section for 
each speed at which you operate the 
PDP. 

(11) Use the equations in § 1065.642 to 
determine the PDP flow equation for 
emission testing. 

(12) Verify the calibration by per-
forming a CVS verification (i.e., pro-
pane check) as described in § 1065.341. 

(13) During emission testing ensure 
that the PDP is not operated either 
below the lowest inlet pressure point or 
above the highest differential pressure 
point in the calibration data. 

(g) SSV calibration. Calibrate a sub-
sonic venturi (SSV) to determine its 
calibration coefficient, Cd, for the ex-
pected range of inlet pressures. Cali-
brate an SSV flow meter as follows: 

(1) Connect the system as shown in 
Figure 1 of this section. 

(2) Verify that any leaks between the 
calibration flow meter and the SSV are 
less than 0.3% of the total flow at the 
highest restriction. 

(3) Start the blower downstream of 
the SSV. 

(4) While the SSV operates, maintain 
a constant temperature at the SSV 
inlet within ±2% of the mean absolute 
inlet temperature, T̄in. 

(5) Set the variable restrictor or vari-
able-speed blower to a flow rate greater 
than the greatest flow rate expected 
during testing. You may not extrapo-
late flow rates beyond calibrated val-
ues, so we recommend that you make 
sure the Reynolds number, Re#, at the 
SSV throat at the greatest calibrated 
flow rate is greater than the maximum 
Re# expected during testing. 

(6) Operate the SSV for at least 3 min 
to stabilize the system. Continue oper-
ating the SSV and record the mean of 
at least 30 seconds of sampled data of 
each of the following quantities: 

(i) The mean flow rate of the ref-
erence flow meter nÔref. This may in-
clude several measurements of dif-
ferent quantities for calculating nÔref, 
such as reference meter pressures and 
temperatures. 

(ii) Optionally, the mean dewpoint of 
the calibration air,T̄dew. See § 1065.640 
for permissible assumptions. 
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(iii) The mean temperature at the 
venturi inlet,T̄in. 

(iv) The mean static absolute pres-
sure at the venturi inlet, P̄in. 

(v) The mean static differential pres-
sure between the static pressure at the 
venturi inlet and the static pressure at 
the venturi throat, DP̄SSV. 

(7) Incrementally close the restrictor 
valve or decrease the blower speed to 
decrease the flow rate. 

(8) Repeat the steps in paragraphs 
(g)(6) and (7) of this section to record 
data at a minimum of ten flow rates. 

(9) Determine an equation to quan-
tify Cd as a function of Re# by using the 
collected data and the equations in 
§ 1065.640. Section 1065.640 also includes 
statistical criteria for validating the Cd 
versus Re# equation. 

(10) Verify the calibration by per-
forming a CVS verification (i.e., pro-
pane check) as described in § 1065.341 
using the new Cd versus Re# equation. 

(11) Use the SSV only between the 
minimum and maximum calibrated 
Re#. If you want to use the SSV at a 
lower or higher Re#, you must recali-
brate the SSV. 

(12) Use the equations in § 1065.642 to 
determine SSV flow during a test. 

(h) CFV calibration. Calibrate a crit-
ical-flow venturi (CFV) to verify its 
discharge coefficient, Cd, up to the 
highest expected pressure ratio, r, ac-
cording to § 1065.640. Calibrate a CFV 
flow meter as follows: 

(1) Connect the system as shown in 
Figure 1 of this section. 

(2) Verify that any leaks between the 
calibration flow meter and the CFV are 
less than 0.3% of the total flow at the 
highest restriction. 

(3) Start the blower downstream of 
the CFV. 

(4) While the CFV operates, maintain 
a constant temperature at the CFV 
inlet within ±2% of the mean absolute 
inlet temperature, T̄in. 

(5) Set the variable restrictor to its 
wide-open position. Instead of a vari-
able restrictor, you may alternately 
vary the pressure downstream of the 
CFV by varying blower speed or by in-
troducing a controlled leak. Note that 
some blowers have limitations on non-
loaded conditions. 

(6) Operate the CFV for at least 3 min 
to stabilize the system. Continue oper-

ating the CFV and record the mean 
values of at least 30 seconds of sampled 
data of each of the following quan-
tities: 

(i) The mean flow rate of the ref-
erence flow meter, nÔref. This may in-
clude several measurements of dif-
ferent quantities, such as reference 
meter pressures and temperatures, for 
calculating nÔref. 

(ii) The mean dewpoint of the cali-
bration air,T̄dew. See § 1065.640 for per-
missible assumptions during emission 
measurements. 

(iii) The mean temperature at the 
venturi inlet,T̄in. 

(iv) The mean static absolute pres-
sure at the venturi inlet, P̄in. 

(v) The mean static differential pres-
sure between the CFV inlet and the 
CFV outlet, DP̄CFV. 

(7) Incrementally close the restrictor 
valve or decrease the downstream pres-
sure to decrease the differential pres-
sure across the CFV, ΔpCFV. 

(8) Repeat the steps in paragraphs 
(f)(6) and (7) of this section to record 
mean data at a minimum of ten 
restrictor positions, such that you test 
the fullest practical range of DP̄CFV ex-
pected during testing. We do not re-
quire that you remove calibration com-
ponents or CVS components to cali-
brate at the lowest possible restric-
tions. 

(9) Determine Cd and the highest al-
lowable pressure ratio, r, according to 
§ 1065.640. 

(10) Use Cd to determine CFV flow 
during an emission test. Do not use the 
CFV above the highest allowed r, as de-
termined in § 1065.640. 

(11) Verify the calibration by per-
forming a CVS verification (i.e., pro-
pane check) as described in § 1065.341. 

(12) If your CVS is configured to oper-
ate more than one CFV at a time in 
parallel, calibrate your CVS by one of 
the following: 

(i) Calibrate every combination of 
CFVs according to this section and 
§ 1065.640. Refer to § 1065.642 for instruc-
tions on calculating flow rates for this 
option. 

(ii) Calibrate each CFV according to 
this section and § 1065.640. Refer to 
§ 1065.642 for instructions on calcu-
lating flow rates for this option. 
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(i) Ultrasonic flow meter calibration. 
[Reserved] 
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[70 FR 40516, July 13, 2005, as amended at 73 
FR 37305, June 30, 2008; 75 FR 68463, Nov. 8, 
2010; 76 FR 57445, Sept. 15, 2011; 81 FR 74165, 
Oct. 25, 2016] 

§ 1065.341 CVS, PFD, and batch sam-
pler verification (propane check). 

(a) A propane check serves as a CVS 
verification to determine if there is a 
discrepancy in measured values of di-
luted exhaust flow. You may use the 
same procedure to verify PFDs and 
batch samplers. For purposes of PFD 
and batch sampler verification, read 
the term CVS to mean PFD or batch 
sampler as appropriate. A propane 
check also serves as a batch-sampler 
verification to determine if there is a 
discrepancy in a batch sampling sys-
tem that extracts a sample from a 
CVS, as described in paragraph (g) of 
this section. Using good engineering 
judgment and safe practices, this check 
may be performed using a gas other 
than propane, such as CO2 or CO. A 
failed propane check might indicate 
one or more problems that may require 
corrective action, as follows: 

(1) Incorrect analyzer calibration. Re- 
calibrate, repair, or replace the FID an-
alyzer. 

(2) Leaks. Inspect CVS tunnel, con-
nections, fasteners, and HC sampling 
system, and repair or replace compo-
nents. 

(3) Poor mixing. Perform the 
verification as described in this section 
while traversing a sampling probe 
across the tunnel’s diameter, vertically 
and horizontally. If the analyzer re-
sponse indicates any deviation exceed-
ing ±2% of the mean measured con-
centration, consider operating the CVS 
at a higher flow rate or installing a 
mixing plate or orifice to improve mix-
ing. 

(4) Hydrocarbon contamination in the 
sample system. Perform the hydro-
carbon-contamination verification as 
described in § 1065.520. 

(5) Change in CVS calibration. Perform 
a calibration of the CVS flow meter as 
described in § 1065.340. 

(6) Flow meter entrance effects. Inspect 
the CVS tunnel to determine whether 
the entrance effects from the piping 
configuration upstream of the flow 
meter adversely affect the flow meas-
urement. 

(7) Other problems with the CVS or sam-
pling verification hardware or software. 
Inspect the CVS system, CVS 
verification hardware, and software for 
discrepancies. 

(b) A propane check uses either a ref-
erence mass or a reference flow rate of 
C3H8 as a tracer gas in a CVS. Note 
that if you use a reference flow rate, 
account for any non-ideal gas behavior 
of C3H8 in the reference flow meter. 
Refer to § 1065.640 and § 1065.642, which 
describe how to calibrate and use cer-
tain flow meters. Do not use any ideal 
gas assumptions in § 1065.640 and 
§ 1065.642. The propane check compares 
the calculated mass of injected C3H8 
using HC measurements and CVS flow 
rate measurements with the reference 
value. 

(c) Prepare for the propane check as 
follows: 

(1) If you use a reference mass of C3H8 
instead of a reference flow rate, obtain 
a cylinder charged with C3H8. Deter-
mine the reference cylinder’s mass of 
C3H8 within ±0.5% of the amount of 
C3H8 that you expect to use. 

(2) Select appropriate flow rates for 
the CVS and C3H8. 

(3) Select a C3H8 injection port in the 
CVS. Select the port location to be as 
close as practical to the location where 
you introduce engine exhaust into the 
CVS, or at some point in the labora-
tory exhaust tubing upstream of this 
location. Connect the C3H8 cylinder to 
the injection system. 

(4) Operate and stabilize the CVS. 
(5) Preheat or precool any heat ex-

changers in the sampling system. 
(6) Allow heated and cooled compo-

nents such as sample lines, filters, 
chillers, and pumps to stabilize at oper-
ating temperature. 

(7) You may purge the HC sampling 
system during stabilization. 

(8) If applicable, perform a vacuum 
side leak verification of the HC sam-
pling system as described in § 1065.345. 

(9) You may also conduct any other 
calibrations or verifications on equip-
ment or analyzers. 

(d) If you performed the vacuum-side 
leak verification of the HC sampling 
system as described in paragraph (c)(8) 
of this section, you may use the HC 
contamination procedure in § 1065.520(f) 
to verify HC contamination. Otherwise, 
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zero, span, and verify contamination of 
the HC sampling system, as follows: 

(1) Select the lowest HC analyzer 
range that can measure the C3H8 con-
centration expected for the CVS and 
C3H8 flow rates. 

(2) Zero the HC analyzer using zero 
air introduced at the analyzer port. 

(3) Span the HC analyzer using C3H8 
span gas introduced at the analyzer 
port. 

(4) Overflow zero air at the HC probe 
inlet or into a tee near the outlet of 
the probe. 

(5) Measure the stable HC concentra-
tion of the HC sampling system as 
overflow zero air flows. For batch HC 
measurement, fill the batch container 
(such as a bag) and measure the HC 
overflow concentration. 

(6) If the overflow HC concentration 
exceeds 2 μmol/mol, do not proceed 
until contamination is eliminated. De-
termine the source of the contamina-
tion and take corrective action, such 
as cleaning the system or replacing 
contaminated portions. 

(7) When the overflow HC concentra-
tion does not exceed 2 μmol/mol, record 
this value as xTHCinit and use it to cor-
rect for HC contamination as described 
in § 1065.660. 

(e) Perform the propane check as fol-
lows: 

(1) For batch HC sampling, connect 
clean storage media, such as evacuated 
bags. 

(2) Operate HC measurement instru-
ments according to the instrument 
manufacturer’s instructions. 

(3) If you will correct for dilution air 
background concentrations of HC, 
measure and record background HC in 
the dilution air. 

(4) Zero any integrating devices. 
(5) Begin sampling, and start any 

flow integrators. 
(6) Release the contents of the C3H8 

reference cylinder at the rate you se-
lected. If you use a reference flow rate 
of C3H8, start integrating this flow 
rate. 

(7) Continue to release the cylinder’s 
contents until at least enough C3H8 has 
been released to ensure accurate quan-
tification of the reference C3H8 and the 
measured C3H8. 

(8) Shut off the C3H8 reference cyl-
inder and continue sampling until you 

have accounted for time delays due to 
sample transport and analyzer re-
sponse. 

(9) Stop sampling and stop any inte-
grators. 

(f) Perform post-test procedure as 
follows: 

(1) If you used batch sampling, ana-
lyze batch samples as soon as practical. 

(2) After analyzing HC, correct for 
contamination and background. 

(3) Calculate total C3H8 mass based 
on your CVS and HC data as described 
in § 1065.650 (40 CFR 1066.605 for vehicle 
testing) and § 1065.660, using the molar 
mass of C3H8, MC3H8, instead the effec-
tive molar mass of HC, MHC. 

(4) If you use a reference mass, deter-
mine the cylinder’s propane mass with-
in ±0.5% and determine the C3H8 ref-
erence mass by subtracting the empty 
cylinder propane mass from the full 
cylinder propane mass. 

(5) Subtract the reference C3H8 mass 
from the calculated mass. If this dif-
ference is within ±2% of the reference 
mass, the CVS passes this verification. 
If not, take corrective action as de-
scribed in paragraph (a) of this section. 

(g) You may repeat the propane 
check to verify a batch sampler, such 
as a PM secondary dilution system. (1) 
Configure the HC sampling system to 
extract a sample near the location of 
the batch sampler’s storage media 
(such as a PM filter). If the absolute 
pressure at this location is too low to 
extract an HC sample, you may sample 
HC from the batch sampler pump’s ex-
haust. Use caution when sampling from 
pump exhaust because an otherwise ac-
ceptable pump leak downstream of a 
batch sampler flow meter will cause a 
false failure of the propane check. 

(2) Repeat the propane check de-
scribed in this section, but sample HC 
from the batch sampler. 

(3) Calculate C3H8 mass, taking into 
account any secondary dilution from 
the batch sampler. 

(4) Subtract the reference C3H8 mass 
from the calculated mass. If this dif-
ference is within ±5% of the reference 
mass, the batch sampler passes this 
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verification. If not, take corrective ac-
tion as described in paragraph (a) of 
this section. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37307, June 30, 2008; 73 FR 59328, Oct. 8, 
2008; 76 FR 57447, Sept. 15, 2011; 79 FR 23768, 
Apr. 28, 2014; 81 FR 74167, Oct. 25, 2016] 

§ 1065.342 Sample dryer verification. 

(a) Scope and frequency. If you use a 
sample dryer as allowed in 
§ 1065.145(e)(2) to remove water from the 
sample gas, verify the performance 
upon installation, after major mainte-
nance, for thermal chiller. For osmotic 
membrane dryers, verify the perform-
ance upon installation, after major 
maintenance, and within 35 days of 
testing. 

(b) Measurement principles. Water can 
inhibit an analyzer’s ability to prop-
erly measure the exhaust component of 
interest and thus is sometimes re-
moved before the sample gas reaches 
the analyzer. For example water can 
negatively interfere with a CLD’s NOX 
response through collisional quenching 
and can positively interfere with an 
NDIR analyzer by causing a response 
similar to CO. 

(c) System requirements. The sample 
dryer must meet the specifications as 
determined in § 1065.145(e)(2) for dew-
point, Tdew, and absolute pressure, ptotal, 
downstream of the osmotic-membrane 
dryer or thermal chiller. 

(d) Sample dryer verification procedure. 
Use the following method to determine 
sample dryer performance. Run this 
verification with the dryer and associ-
ated sampling system operating in the 
same manner you will use for emission 
testing (including operation of sample 
pumps). You may run this verification 
test on multiple sample dryers sharing 
the same sampling system at the same 
time. You may run this verification on 
the sample dryer alone, but you must 
use the maximum gas flow rate ex-
pected during testing. You may use 
good engineering judgment to develop 
a different protocol. 

(1) Use PTFE or stainless steel tub-
ing to make necessary connections. 

(2) Humidify room air, N2, or purified 
air by bubbling it through distilled 
water in a sealed vessel that humidifies 
the gas to the highest sample water 

content that you estimate during emis-
sion sampling. 

(3) Introduce the humidified gas up-
stream of the sample dryer. You may 
disconnect the transfer line from the 
probe and introduce the humidified gas 
at the inlet of the transfer line of the 
sample system used during testing. 
You may use the sample pumps in the 
sample system to draw gas through the 
vessel. 

(4) Maintain the sample lines, fit-
tings, and valves from the location 
where the humidified gas water con-
tent is measured to the inlet of the 
sampling system at a temperature at 
least 5 °C above the local humidified 
gas dewpoint. For dryers used in NOX 
sample systems, verify the sample sys-
tem components used in this 
verification prevent aqueous condensa-
tion as required in § 1065.145(d)(1)(i). We 
recommend that the sample system 
components be maintained at least 5 °C 
above the local humidified gas dew-
point to prevent aqueous condensation. 

(5) Measure the humidified gas dew-
point, Tdew, and absolute pressure, ptotal, 
as close as possible to the inlet of the 
sample dryer or inlet of the sample sys-
tem to verify the water content is at 
least as high as the highest value that 
you estimated during emission sam-
pling. You may verify the water con-
tent based on any humidity parameter 
(e.g. mole fraction water, local dew-
point, or absolute humidity). 

(6) Measure the humidified gas dew-
point, Tdew, and absolute pressure, ptotal, 
as close as possible to the outlet of the 
sample dryer. Note that the dewpoint 
changes with absolute pressure. If the 
dewpoint at the sample dryer outlet is 
measured at a different pressure, then 
this reading must be corrected to the 
dewpoint at the sample dryer absolute 
pressure, ptotal. 

(7) The sample dryer meets the 
verification if the dewpoint at the sam-
ple dryer pressure as measured in para-
graph (d)(6) of this section is less than 
the dewpoint corresponding to the sam-
ple dryer specifications as determined 
in § 1065.145(e)(2) plus 2 °C or if the mole 
fraction of water as measured in (d)(6) 
is less than the corresponding sample 
dryer specifications plus 0.002 mol/mol. 

(e) Alternate sample dryer verification 
procedure. The following method may 
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be used in place of the sample dryer 
verification procedure in (d) of this sec-
tion. If you use a humidity sensor for 
continuous monitoring of dewpoint at 
the sample dryer outlet you may skip 
the performance check in § 1065.342(d), 
but you must make sure that the dryer 
outlet humidity is at or below the min-
imum value used for quench, inter-
ference, and compensation checks. 

[73 FR 37307, June 30, 2008, as amended at 73 
FR 59328, Oct. 8, 2008; 75 FR 23040, Apr. 30, 
2010] 

§ 1065.345 Vacuum-side leak 
verification. 

(a) Scope and frequency. Verify that 
there are no significant vacuum-side 
leaks using one of the leak tests de-
scribed in this section. For laboratory 
testing, perform the vacuum-side leak 
verification upon initial sampling sys-
tem installation, within 8 hours before 
the start of the first test interval of 
each duty-cycle sequence, and after 
maintenance such as pre-filter changes. 
For field testing, perform the vacuum- 
side leak verification after each instal-
lation of the sampling system on the 
vehicle, prior to the start of the field 
test, and after maintenance such as 
pre-filter changes. This verification 
does not apply to any full-flow portion 
of a CVS dilution system. 

(b) Measurement principles. A leak 
may be detected either by measuring a 
small amount of flow when there 
should be zero flow, or by detecting the 
dilution of a known concentration of 
span gas when it flows through the vac-
uum side of a sampling system. 

(c) Low-flow leak test. Test a sampling 
system for low-flow leaks as follows: 

(1) Seal the probe end of the system 
by taking one of the following steps: 

(i) Cap or plug the end of the sample 
probe. 

(ii) Disconnect the transfer line at 
the probe and cap or plug the transfer 
line. 

(iii) Close a leak-tight valve located 
in the sample transfer line within 92 
cm of the probe. 

(2) Operate all vacuum pumps. After 
stabilizing, verify that the flow 
through the vacuum-side of the sam-
pling system is less than 0.5% of the 
system’s normal in-use flow rate. You 
may estimate typical analyzer and by-

pass flows as an approximation of the 
system’s normal in-use flow rate. 

(d) Dilution-of-span-gas leak test. You 
may use any gas analyzer for this test. 
If you use a FID for this test, correct 
for any HC contamination in the sam-
pling system according to § 1065.660. To 
avoid misleading results from this test, 
we recommend using only analyzers 
that have a repeatability of 0.5% or 
better at the span gas concentration 
used for this test. Perform a vacuum- 
side leak test as follows: 

(1) Prepare a gas analyzer as you 
would for emission testing. 

(2) Supply span gas to the analyzer 
span port and record the measured 
value. 

(3) Route overflow span gas to the 
inlet of the sample probe or at a tee fit-
ting in the transfer line near the exit 
of the probe. You may use a valve up-
stream of the overflow fitting to pre-
vent overflow of span gas out of the 
inlet of the probe, but you must then 
provide an overflow vent in the over-
flow supply line. 

(4) Verify that the measured overflow 
span gas concentration is within ±0.5% 
of the concentration measured in para-
graph (d)(2) of this section. A measured 
value lower than expected indicates a 
leak, but a value higher than expected 
may indicate a problem with the span 
gas or the analyzer itself. A measured 
value higher than expected does not in-
dicate a leak. 

(e) Vacuum-decay leak test. To per-
form this test you must apply a vacu-
um to the vacuum-side volume of your 
sampling system and then observe the 
leak rate of your system as a decay in 
the applied vacuum. To perform this 
test you must know the vacuum-side 
volume of your sampling system to 
within ±10% of its true volume. For 
this test you must also use measure-
ment instruments that meet the speci-
fications of subpart C of this part and 
of this subpart D. Perform a vacuum- 
decay leak test as follows: 

(1) Seal the probe end of the system 
as close to the probe opening as pos-
sible by taking one of the following 
steps: 

(i) Cap or plug the end of the sample 
probe. 
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(ii) Disconnect the transfer line at 
the probe and cap or plug the transfer 
line. 

(iii) Close a leak-tight valve located 
in the sample transfer line within 92 
cm of the probe. 

(2) Operate all vacuum pumps. Draw 
a vacuum that is representative of nor-
mal operating conditions. In the case 
of sample bags, we recommend that 
you repeat your normal sample bag 
pump-down procedure twice to mini-
mize any trapped volumes. 

(3) Turn off the sample pumps and 
seal the system. Measure and record 
the absolute pressure of the trapped 
gas and optionally the system absolute 
temperature. Wait long enough for any 
transients to settle and long enough 
for a leak at 0.5% to have caused a 
pressure change of at least 10 times the 
resolution of the pressure transducer, 
then again record the pressure and op-
tionally temperature. 

(4) Calculate the leak flow rate based 
on an assumed value of zero for 
pumped-down bag volumes and based 
on known values for the sample system 
volume, the initial and final pressures, 
optional temperatures, and elapsed 
time. Using the calculations specified 
in § 1065.644, verify that the vacuum- 
decay leak flow rate is less than 0.5% 
of the system’s normal in-use flow 
rate. 

[73 FR 37307, June 30, 2008, as amended at 73 
FR 59328, Oct. 8, 2008; 75 FR 23040, Apr. 30, 
2010; 81 FR 74167, Oct. 25, 2016] 

CO AND CO2 MEASUREMENTS 

§ 1065.350 H2O interference 
verification for CO2 NDIR ana-
lyzers. 

(a) Scope and frequency. If you meas-
ure CO2 using an NDIR analyzer, verify 
the amount of H2O interference after 
initial analyzer installation and after 
major maintenance. 

(b) Measurement principles. H2O can 
interfere with an NDIR analyzer’s re-
sponse to CO2. 

If the NDIR analyzer uses compensa-
tion algorithms that utilize measure-
ments of other gases to meet this in-
terference verification, simultaneously 
conduct these other measurements to 
test the compensation algorithms dur-

ing the analyzer interference 
verification. 

(c) System requirements. A CO2 NDIR 
analyzer must have an H2O inter-
ference that is within (0.0 ±0.4) mmol/ 
mol, though we strongly recommend a 
lower interference that is within (0.0 
±0.2) mmol/mol. 

(d) Procedure. Perform the inter-
ference verification as follows: 

(1) Start, operate, zero, and span the 
CO2 NDIR analyzer as you would before 
an emission test. If the sample is 
passed through a dryer during emission 
testing, you may run this verification 
test with the dryer if it meets the re-
quirements of § 1065.342. Operate the 
dryer at the same conditions as you 
will for an emission test. You may also 
run this verification test without the 
sample dryer. 

(2) Create a humidified test gas by 
bubbling zero gas that meets the speci-
fications in § 1065.750 through distilled 
H2O in a sealed vessel. If the sample is 
not passed through a dryer during 
emission testing, control the vessel 
temperature to generate an H2O level 
at least as high as the maximum ex-
pected during emission testing. If the 
sample is passed through a dryer dur-
ing emission testing, control the vessel 
temperature to generate an H2O level 
at least as high as the level determined 
in § 1065.145(e)(2) for that dryer. 

(3) Introduce the humidified test gas 
into the sample system. You may in-
troduce it downstream of any sample 
dryer, if one is used during testing. 

(4) If the sample is not passed 
through a dryer during this 
verification test, measure the H2O mole 
fraction, xH2O, of the humidified test 
gas, as close as possible to the inlet of 
the analyzer. For example, measure 
dewpoint, Tdew, and absolute pressure, 
ptotal, to calculate xH2O. Verify that the 
H2O content meets the requirement in 
paragraph (d)(2) of this section. If the 
sample is passed through a dryer dur-
ing this verification test, you must 
verify that the H2O content of the hu-
midified test gas downstream of the 
vessel meets the requirement in para-
graph (d)(2) of this section based on ei-
ther direct measurement of the H2O 
content (e.g., dewpoint and pressure) or 
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an estimate based on the vessel pres-
sure and temperature. Use good engi-
neering judgment to estimate the H2O 
content. For example, you may use 
previous direct measurements of H2O 
content to verify the vessel’s level of 
saturation. 

(5) If a sample dryer is not used in 
this verification test, use good engi-
neering judgment to prevent condensa-
tion in the transfer lines, fittings, or 
valves from the point where xH2O is 
measured to the analyzer. We rec-
ommend that you design your system 
so the wall temperatures in the trans-
fer lines, fittings, and valves from the 
point where xH2O is measured to the an-
alyzer are at least 5 °C above the local 
sample gas dewpoint. 

(6) Allow time for the analyzer re-
sponse to stabilize. Stabilization time 
may include time to purge the transfer 
line and to account for analyzer re-
sponse. 

(7) While the analyzer measures the 
sample’s concentration, record 30 sec-
onds of sampled data. Calculate the 
arithmetic mean of this data. The ana-
lyzer meets the interference 
verification if this value is within (0.0 
±0.4) mmol/mol. 

(e) Exceptions. The following excep-
tions apply: 

(1) You may omit this verification if 
you can show by engineering analysis 
that for your CO2 sampling system and 
your emission-calculation procedures, 
the H2O interference for your CO2 NDIR 
analyzer always affects your brake-spe-
cific emission results within ±0.5% of 
each of the applicable standards. This 
specification also applies for vehicle 
testing, except that it relates to emis-
sion results in g/mile or g/kilometer. 

(2) You may use a CO2 NDIR analyzer 
that you determine does not meet this 
verification, as long as you try to cor-
rect the problem and the measurement 
deficiency does not adversely affect 
your ability to show that engines com-
ply with all applicable emission stand-
ards. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37308, June 30, 2008; 73 FR 59328, Oct. 8, 
2008; 75 FR 23040, Apr. 30, 2010; 76 FR 57447, 
Sept. 15, 2011; 79 FR 23768, Apr. 28, 2014] 

§ 1065.355 H2O and CO2 interference 
verification for CO NDIR analyzers. 

(a) Scope and frequency. If you meas-
ure CO using an NDIR analyzer, verify 
the amount of H2O and CO2 inter-
ference after initial analyzer installa-
tion and after major maintenance. 

(b) Measurement principles. H2O and 
CO2 can positively interfere with an 
NDIR analyzer by causing a response 
similar to CO. If the NDIR analyzer 
uses compensation algorithms that uti-
lize measurements of other gases to 
meet this interference verification, si-
multaneously conduct these other 
measurements to test the compensa-
tion algorithms during the analyzer in-
terference verification. 

(c) System requirements. A CO NDIR 
analyzer must have combined H2O and 
CO2 interference that is within ±2 % of 
the flow-weighted mean concentration 
of CO expected at the standard, though 
we strongly recommend a lower inter-
ference that is within ±1%. 

(d) Procedure. Perform the inter-
ference verification as follows: 

(1) Start, operate, zero, and span the 
CO NDIR analyzer as you would before 
an emission test. If the sample is 
passed through a dryer during emission 
testing, you may run this verification 
test with the dryer if it meets the re-
quirements of § 1065.342. Operate the 
dryer at the same conditions as you 
will for an emission test. You may also 
run this verification test without the 
sample dryer. 

(2) Create a humidified CO2 test gas 
by bubbling a CO2 span gas that meets 
the specifications in § 1065.750 through 
distilled H2O in a sealed vessel. If the 
sample is not passed through a dryer 
during emission testing, control the 
vessel temperature to generate an H2O 
level at least as high as the maximum 
expected during emission testing. If the 
sample is passed through a dryer dur-
ing emission testing, control the vessel 
temperature to generate an H2O level 
at least as high as the level determined 
in § 1065.145(e)(2) for that dryer. Use a 
CO2 span gas concentration at least as 
high as the maximum expected during 
testing. 

(3) Introduce the humidified CO2 test 
gas into the sample system. You may 
introduce it downstream of any sample 
dryer, if one is used during testing. 
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(4) If the sample is not passed 
through a dryer during this 
verification test, measure the H2O mole 
fraction, xH2O, of the humidified CO2 
test gas as close as possible to the inlet 
of the analyzer. For example, measure 
dewpoint, Tdew, and absolute pressure, 
ptotal, to calculate xH2O. Verify that the 
H2O content meets the requirement in 
paragraph (d)(2) of this section. If the 
sample is passed through a dryer dur-
ing this verification test, you must 
verify that the H2O content of the hu-
midified test gas downstream of the 
vessel meets the requirement in para-
graph (d)(2) of this section based on ei-
ther direct measurement of the H2O 
content (e.g., dewpoint and pressure) or 
an estimate based on the vessel pres-
sure and temperature. Use good engi-
neering judgment to estimate the H2O 
content. For example, you may use 
previous direct measurements of H2O 
content to verify the vessel’s level of 
saturation. 

(5) If a sample dryer is not used in 
this verification test, use good engi-
neering judgment to prevent condensa-
tion in the transfer lines, fittings, or 
valves from the point where xH2O is 
measured to the analyzer. We rec-
ommend that you design your system 
so that the wall temperatures in the 
transfer lines, fittings, and valves from 
the point where xH2O is measured to the 
analyzer are at least 5 °C above the 
local sample gas dewpoint. 

(6) Allow time for the analyzer re-
sponse to stabilize. Stabilization time 
may include time to purge the transfer 
line and to account for analyzer re-
sponse. 

(7) While the analyzer measures the 
sample’s concentration, record its out-
put for 30 seconds. Calculate the arith-
metic mean of this data. 

(8) The analyzer meets the inter-
ference verification if the result of 
paragraph (d)(7) of this section meets 
the tolerance in paragraph (c) of this 
section. 

(9) You may also run interference 
procedures for CO2 and H2O separately. 
If the CO2 and H2O levels used are high-
er than the maximum levels expected 
during testing, you may scale down 
each observed interference value by 
multiplying the observed interference 
by the ratio of the maximum expected 

concentration value to the actual value 
used during this procedure. You may 
run separate interference concentra-
tions of H2O (down to 0.025 mol/mol H2O 
content) that are lower than the max-
imum levels expected during testing, 
but you must scale up the observed H2O 
interference by multiplying the ob-
served interference by the ratio of the 
maximum expected H2O concentration 
value to the actual value used during 
this procedure. The sum of the two 
scaled interference values must meet 
the tolerance in paragraph (c) of this 
section. 

(e) Exceptions. The following excep-
tions apply: 

(1) You may omit this verification if 
you can show by engineering analysis 
that for your CO sampling system and 
your emission-calculation procedures, 
the combined CO2 and H2O interference 
for your CO NDIR analyzer always af-
fects your brake-specific CO emission 
results within ±0.5% of the applicable 
CO standard. 

(2) You may use a CO NDIR analyzer 
that you determine does not meet this 
verification, as long as you try to cor-
rect the problem and the measurement 
deficiency does not adversely affect 
your ability to show that engines com-
ply with all applicable emission stand-
ards. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37308, June 30, 2008; 73 FR 59328, Oct. 8, 
2008; 75 FR 23041, Apr. 30, 2010; 79 FR 23769, 
Apr. 28, 2014] 

HYDROCARBON MEASUREMENTS 

§ 1065.360 FID optimization and 
verification. 

(a) Scope and frequency. For all FID 
analyzers, calibrate the FID upon ini-
tial installation. Repeat the calibra-
tion as needed using good engineering 
judgment. For a FID that measures 
THC, perform the following steps: 

(1) Optimize the response to various 
hydrocarbons after initial analyzer in-
stallation and after major maintenance 
as described in paragraph (c) of this 
section. 

(2) Determine the methane (CH4) re-
sponse factor after initial analyzer in-
stallation and after major maintenance 
as described in paragraph (d) of this 
section. 
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(3) If you determine NMNEHC by sub-
tracting from measured THC, deter-
mine the ethane (C2H6) response factor 
after initial analyzer installation and 
after major maintenance as described 
in paragraph (f) of this section. Verify 
the C2H6 response within 185 days be-
fore testing as described in paragraph 
(f) of this section. 

(b) Calibration. Use good engineering 
judgment to develop a calibration pro-
cedure, such as one based on the FID- 
analyzer manufacturer’s instructions 
and recommended frequency for cali-
brating the FID. Alternately, you may 
remove system components for off-site 
calibration. For a FID that measures 
THC, calibrate using C3H8 calibration 
gases that meet the specifications of 
§ 1065.750. For a FID that measures CH4, 
calibrate using CH4 calibration gases 
that meet the specifications of 
§ 1065.750. We recommend FID analyzer 
zero and span gases that contain ap-
proximately the flow-weighted mean 
concentration of O2 expected during 
testing. If you use a FID to measure 
CH4 downstream of a nonmethane cut-
ter, you may calibrate that FID using 
CH4 calibration gases with the cutter. 
Regardless of the calibration gas com-
position, calibrate on a carbon number 
basis of one (C1). For example, if you 
use a C3H8 span gas of concentration 
200 μmol/mol, span the FID to respond 
with a value of 600 μmol/mol. As an-
other example, if you use a CH4 span 
gas with a concentration of 200 μmol/ 
mol, span the FID to respond with a 
value of 200 μmol/mol. 

(c) THC FID response optimization. 
This procedure is only for FID ana-
lyzers that measure THC. Use good en-
gineering judgment for initial instru-
ment start-up and basic operating ad-
justment using FID fuel and zero air. 
Heated FIDs must be within their re-
quired operating temperature ranges. 
Optimize FID response at the most 
common analyzer range expected dur-
ing emission testing. Optimization in-
volves adjusting flows and pressures of 
FID fuel, burner air, and sample to 
minimize response variations to var-
ious hydrocarbon species in the ex-
haust. Use good engineering judgment 
to trade off peak FID response to pro-
pane calibration gases to achieve mini-
mal response variations to different 

hydrocarbon species. For an example of 
trading off response to propane for rel-
ative responses to other hydrocarbon 
species, see SAE 770141 (incorporated 
by reference in § 1065.1010). Determine 
the optimum flow rates and/or pres-
sures for FID fuel, burner air, and sam-
ple and record them for future ref-
erence. 

(d) THC FID CH4 response factor deter-
mination. This procedure is only for 
FID analyzers that measure THC. 
Since FID analyzers generally have a 
different response to CH4 versus C3H8, 
determine the THC–FID analyzer’s CH4 
response factor, RFCH4[THC–FID], after 
FID optimization. Use the most recent 
RFCH4[THC–FID] measured according to 
this section in the calculations for HC 
determination described in § 1065.660 to 
compensate for CH4 response. Deter-
mine RFCH4[THC–FID] as follows, noting 
that you do not determine RFCH4[THC–FID] 
for FIDs that are calibrated and 
spanned using CH4 with a nonmethane 
cutter: 

(1) Select a C3 H8 span gas concentra-
tion that you use to span your ana-
lyzers before emission testing. Use only 
span gases that meet the specifications 
of § 1065.750. Record the C3H8 concentra-
tion of the gas. 

(2) Select a CH4 span gas concentra-
tion that you use to span your ana-
lyzers before emission testing. Use only 
span gases that meet the specifications 
of § 1065.750. Record the CH4 concentra-
tion of the gas. 

(3) Start and operate the FID ana-
lyzer according to the manufacturer’s 
instructions. 

(4) Confirm that the FID analyzer has 
been calibrated using C3H8. Calibrate 
on a carbon number basis of one (C1). 
For example, if you use a C3 H8 span gas 
of concentration 200 μmol/mol, span the 
FID to respond with a value of 600 
μmol/mol. 

(5) Zero the FID with a zero gas that 
you use for emission testing. 

(6) Span the FID with the C3H8 span 
gas that you selected under paragraph 
(d)(1) of this section. 

(7) Introduce the CH4 span gas that 
you selected under paragraph (d)(2) of 
this section into the FID analyzer. 

(8) Allow time for the analyzer re-
sponse to stabilize. Stabilization time 
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may include time to purge the analyzer 
and to account for its response. 

(9) While the analyzer measures the 
CH4 concentration, record 30 seconds of 
sampled data. Calculate the arithmetic 
mean of these values. 

(10) For analyzers with multiple 
ranges, you need to perform the proce-
dure in this paragraph (d) only on a 
single range. 

(11) Divide the mean measured con-
centration by the recorded span con-
centration of the CH4 calibration gas. 
The result is the FID analyzer’s re-
sponse factor for CH4, RF CH4[THC-FID]. 

(e) THC FID CH4 response verification. 
This procedure is only for FID ana-
lyzers that measure THC. Verify 
RFCH4[THC-FID] as follows: 

(1) Perform a CH4 response factor de-
termination as described in paragraph 
(d) of this section. If the resulting 
value of RFCH4[THC-FID] is within ±5% of 
its most recent previously determined 
value, the THC FID passes the CH4 re-
sponse verification. For example, if the 
most recent previous value for 
RF CH4[THC-FID] was 1.05 and it increased 
by 0.05 to become 1.10 or it decreased 
by 0.05 to become 1.00, either case 
would be acceptable because ±4.8% is 
less than ±5%. 

(2) If RF CH4[THC-FID] is not within the 
tolerance specified in paragraph (e)(1) 
of this section, use good engineering 
judgment to verify that the flow rates 
and/or pressures of FID fuel, burner air, 
and sample are at their most recent 
previously recorded values, as deter-
mined in paragraph (c) of this section. 
You may adjust these flow rates as 
necessary. Then determine the 
RF CH4[THC-FID] as described in paragraph 
(d) of this section and verify that it is 
within the tolerance specified in this 
paragraph (e). 

(3) If RF CH4[THC-FID] is not within the 
tolerance specified in this paragraph 
(e), re-optimize the FID response as de-
scribed in paragraph (c) of this section. 

(4) Determine a new RFCH4[THC-FID] as 
described in paragraph (d) of this sec-
tion. Use this new value of 
RF CH4[THC-FID] in the calculations for HC 
determination, as described in 
§ 1065.660. 

(5) For analyzers with multiple 
ranges, you need to perform the proce-

dure in this paragraph (e) only on a 
single range. 

(f) THC FID C2H6 response factor de-
termination. This procedure is only for 
FID analyzers that measure THC. 
Since FID analyzers generally have a 
different response to C2H6 than C3H8, 
determine the THC–FID analyzer’s 
C2H6 response factor, RFC2H6[THC–FID], 
after FID optimization using the proce-
dure described in paragraph (d) of this 
section, replacing CH4 with C2H6. Use 
the most recent RFC2H6[THC–FID] meas-
ured according to this section in the 
calculations for HC determination de-
scribed in § 1065.660 to compensate for 
C2H6 response. 

[73 FR 37308, June 30, 2008, as amended at 75 
FR 23041, Apr. 30, 2010; 76 FR 57447, Sept. 15, 
2011; 79 FR 23769, Apr. 28, 2014; 81 FR 74168, 
Oct. 25, 2016] 

§ 1065.362 Non-stoichiometric raw ex-
haust FID O2 interference 
verification. 

(a) Scope and frequency. If you use 
FID analyzers for raw exhaust meas-
urements from engines that operate in 
a non-stoichiometric mode of combus-
tion (e.g., compression-ignition, lean- 
burn), verify the amount of FID O2 in-
terference upon initial installation and 
after major maintenance. 

(b) Measurement principles. Changes in 
O2 concentration in raw exhaust can af-
fect FID response by changing FID 
flame temperature. Optimize FID fuel, 
burner air, and sample flow to meet 
this verification. Verify FID perform-
ance with the compensation algorithms 
for FID O2 interference that you have 
active during an emission test. 

(c) System requirements. Any FID ana-
lyzer used during testing must meet 
the FID O2 interference verification ac-
cording to the procedure in this sec-
tion. 

(d) Procedure. Determine FID O2 in-
terference as follows, noting that you 
may use one or more gas dividers to 
create the reference gas concentrations 
that are required to perform this 
verification: 

(1) Select three span reference gases 
that contain a C3H8 concentration that 
you use to span your analyzers before 
emission testing. Use only span gases 
that meet the specifications of 
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§ 1065.750. You may use CH4 span ref-
erence gases for FIDs calibrated on CH4 
with a nonmethane cutter. Select the 
three balance gas concentrations such 
that the concentrations of O2 and N2 
represent the minimum, maximum, 
and average O2 concentrations expected 
during testing. The requirement for 
using the average O2 concentration can 
be removed if you choose to calibrate 
the FID with span gas balanced with 
the average expected oxygen con-
centration. 

(2) Confirm that the FID analyzer 
meets all the specifications of § 1065.360. 

(3) Start and operate the FID ana-
lyzer as you would before an emission 
test. Regardless of the FID burner’s air 
source during testing, use zero air as 
the FID burner’s air source for this 
verification. 

(4) Zero the FID analyzer using the 
zero gas used during emission testing. 

(5) Span the FID analyzer using a 
span gas that you use during emission 
testing. 

(6) Check the zero response of the 
FID analyzer using the zero gas used 
during emission testing. If the mean 
zero response of 30 seconds of sampled 
data is within ±0.5% of the span ref-
erence value used in paragraph (d)(5) of 
this section, then proceed to the next 
step; otherwise restart the procedure 
at paragraph (d)(4) of this section. 

(7) Check the analyzer response using 
the span gas that has the minimum 
concentration of O2 expected during 
testing. Record the mean response of 30 
seconds of stabilized sample data as 
xO2minHC. 

(8) Check the zero response of the 
FID analyzer using the zero gas used 
during emission testing. If the mean 
zero response of 30 seconds of stabilized 
sample data is within ±0.5% of the span 
reference value used in paragraph (d)(5) 
of this section, then proceed to the 
next step; otherwise restart the proce-
dure at paragraph (d)(4) of this section. 

(9) Check the analyzer response using 
the span gas that has the average con-
centration of O2 expected during test-
ing. Record the mean response of 30 
seconds of stabilized sample data as 
xO2avgHC. 

(10) Check the zero response of the 
FID analyzer using the zero gas used 
during emission testing. If the mean 

zero response of 30 seconds of stabilized 
sample data is within ±0.5% of the span 
reference value used in paragraph (d)(5) 
of this section, proceed to the next 
step; otherwise restart the procedure 
at paragraph (d)(4) of this section. 

(11) Check the analyzer response 
using the span gas that has the max-
imum concentration of O2 expected 
during testing. Record the mean re-
sponse of 30 seconds of stabilized sam-
ple data as xO2maxHC. 

(12) Check the zero response of the 
FID analyzer using the zero gas used 
during emission testing. If the mean 
zero response of 30 seconds of stabilized 
sample data is within ±0.5% of the span 
reference value used in paragraph (d)(5) 
of this section, then proceed to the 
next step; otherwise restart the proce-
dure at paragraph (d)(4) of this section. 

(13) Calculate the percent difference 
between xO2maxHC and its reference gas 
concentration. Calculate the percent 
difference between xO2avgHC and its ref-
erence gas concentration. Calculate 
the percent difference between xO2minHC 
and its reference gas concentration. 
Determine the maximum percent dif-
ference of the three. This is the O2 in-
terference. 

(14) If the O2 interference is within 
±2%, the FID passes the O2 interference 
verification; otherwise perform one or 
more of the following to address the de-
ficiency: 

(i) Repeat the verification to deter-
mine if a mistake was made during the 
procedure. 

(ii) Select zero and span gases for 
emission testing that contain higher or 
lower O2 concentrations and repeat the 
verification. 

(iii) Adjust FID burner air, fuel, and 
sample flow rates. Note that if you ad-
just these flow rates on a THC FID to 
meet the O2 interference verification, 
you have reset RFCH4 for the next RFCH4 
verification according to § 1065.360. Re-
peat the O2 interference verification 
after adjustment and determine RFCH4. 

(iv) Repair or replace the FID and re-
peat the O2 interference verification. 

(v) Demonstrate that the deficiency 
does not adversely affect your ability 
to demonstrate compliance with the 
applicable emission standards. 
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(15) For analyzers with multiple 
ranges, you need to perform the proce-
dure in this paragraph (d) only on a 
single range. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37309, June 30, 2008; 79 FR 23770, Apr. 28, 
2014] 

§ 1065.365 Nonmethane cutter penetra-
tion fractions. 

(a) Scope and frequency. If you use a 
FID analyzer and a nonmethane cutter 
(NMC) to measure methane (CH4), de-
termine the nonmethane cutter’s pene-
tration fractions of CH4, PFCH4, and eth-
ane, PFC2H6. As detailed in this section, 
these penetration fractions may be de-
termined as a combination of NMC pen-
etration fractions and FID analyzer re-
sponse factors, depending on your par-
ticular NMC and FID analyzer configu-
ration. Perform this verification after 
installing the nonmethane cutter. Re-
peat this verification within 185 days of 
testing to verify that the catalytic ac-
tivity of the cutter has not deterio-
rated. Note that because nonmethane 
cutters can deteriorate rapidly and 
without warning if they are operated 
outside of certain ranges of gas con-
centrations and outside of certain tem-
perature ranges, good engineering judg-
ment may dictate that you determine a 
nonmethane cutter’s penetration frac-
tions more frequently. 

(b) Measurement principles. A non-
methane cutter is a heated catalyst 
that removes nonmethane hydro-
carbons from an exhaust sample 
stream before the FID analyzer meas-
ures the remaining hydrocarbon con-
centration. An ideal nonmethane cut-
ter would have a CH4 penetration frac-
tion, PFCH4, of 1.000, and the penetra-
tion fraction for all other nonmethane 
hydrocarbons would be 0.000, as rep-
resented by PFC2H6. The emission cal-
culations in § 1065.660 use the measured 
values from this verification to ac-
count for less than ideal NMC perform-
ance. 

(c) System requirements. We do not 
limit NMC penetration fractions to a 
certain range. However, we recommend 
that you optimize a nonmethane cutter 
by adjusting its temperature to achieve 
a PFCH4 >0.85 and a PFC2H6 <0.02, as de-
termined by paragraphs (d), (e), or (f) of 
this section, as applicable. If we use a 

nonmethane cutter for testing, it will 
meet this recommendation. If adjust-
ing NMC temperature does not result 
in achieving both of these specifica-
tions simultaneously, we recommend 
that you replace the catalyst material. 
Use the most recently determined pen-
etration values from this section to 
calculate HC emissions according to 
§ 1065.660 and § 1065.665 as applicable. 

(d) Procedure for a FID calibrated with 
the NMC. The method described in this 
paragraph (d) is recommended over the 
procedures specified in paragraphs (e) 
and (f) of this section. If your FID ar-
rangement is such that a FID is always 
calibrated to measure CH4 with the 
NMC, then span that FID with the 
NMC using a CH4 span gas, set the 
product of that FID’s CH4 response fac-
tor and CH4 penetration fraction, 
RFPFCH4[NMC-FID], equal to 1.0 for all 
emission calculations, and determine 
its combined ethane (C2H6) response 
factor and penetration fraction, 
RFPFC2H6[NMC-FID] as follows: 

(1) Select CH4 and C2H6 analytical gas 
mixtures and ensure that both mix-
tures meet the specifications of 
§ 1065.750. Select a CH4 concentration 
that you would use for spanning the 
FID during emission testing and select 
a C2H6 concentration that is typical of 
the peak NMHC concentration expected 
at the hydrocarbon standard or equal 
to the THC analyzer’s span value. For 
CH4 analyzers with multiple ranges, 
perform this procedure on the highest 
range used for emission testing. 

(2) Start, operate, and optimize the 
nonmethane cutter according to the 
manufacturer’s instructions, including 
any temperature optimization. 

(3) Confirm that the FID analyzer 
meets all the specifications of § 1065.360. 

(4) Start and operate the FID ana-
lyzer according to the manufacturer’s 
instructions. 

(5) Zero and span the FID with the 
nonmethane cutter as you would dur-
ing emission testing. Span the FID 
through the cutter by using CH4 span 
gas. 

(6) Introduce the C2H6 analytical gas 
mixture upstream of the nonmethane 
cutter. Use good engineering judgment 
to address the effect of hydrocarbon 
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contamination if your point of intro-
duction is vastly different from the 
point of zero/span gas introduction. 

(7) Allow time for the analyzer re-
sponse to stabilize. Stabilization time 
may include time to purge the non-
methane cutter and to account for the 
analyzer’s response. 

(8) While the analyzer measures a 
stable concentration, record 30 seconds 
of sampled data. Calculate the arith-
metic mean of these data points. 

(9) Divide the mean C2H6 concentra-
tion by the reference concentration of 
C2H6, converted to a C1 basis. The re-
sult is the C2H6 combined response fac-
tor and penetration fraction, 
RFPFC2H6[NMC–FID]. Use this combined re-
sponse factor and penetration fraction 
and the product of the CH4 response 
factor and CH4 penetration fraction, 
RFPFCH4[NMC–FID], set to 1.0 in emission 
calculations according to 
§ 1065.660(b)(2)(i), § 1065.660(d)(1)(i), or 
§ 1065.665, as applicable. 

(e) Procedure for a FID calibrated with 
propane, bypassing the NMC. If you use 
a single FID for THC and CH4 deter-
mination with an NMC that is cali-
brated with propane, C3H8, by bypass-
ing the NMC, determine its penetration 
fractions, PFC2H6[NMC-FID] and 
PFCH4[NMC-FID], as follows: 

(1) Select CH4 and C2H6 analytical gas 
mixtures and ensure that both mix-
tures meet the specifications of 
§ 1065.750. Select a CH4 concentration 
that you would use for spanning the 
FID during emission testing and select 
a C2H6 concentration that is typical of 
the peak NMHC concentration expected 
at the hydrocarbon standard and the 
C2H6 concentration typical of the peak 
total hydrocarbon (THC) concentration 
expected at the hydrocarbon standard 
or equal to the THC analyzer’s span 
value. For CH4 analyzers with multiple 
ranges, perform this procedure on the 
highest range used for emission test-
ing. 

(2) Start and operate the nonmethane 
cutter according to the manufacturer’s 
instructions, including any tempera-
ture optimization. 

(3) Confirm that the FID analyzer 
meets all the specifications of § 1065.360. 

(4) Start and operate the FID ana-
lyzer according to the manufacturer’s 
instructions. 

(5) Zero and span the FID as you 
would during emission testing. Span 
the FID by bypassing the cutter and by 
using C3H8 span gas. 

(6) Introduce the C2H6 analytical gas 
mixture upstream of the nonmethane 
cutter. Use good engineering judgment 
to address the effect of hydrocarbon 
contamination if your point of intro-
duction is vastly different from the 
point of zero/span gas introduction. 

(7) Allow time for the analyzer re-
sponse to stabilize. Stabilization time 
may include time to purge the non-
methane cutter and to account for the 
analyzer’s response. 

(8) While the analyzer measures a 
stable concentration, record 30 seconds 
of sampled data. Calculate the arith-
metic mean of these data points. 

(9) Reroute the flow path to bypass 
the nonmethane cutter, introduce the 
C2H6 analytical gas mixture, and repeat 
the steps in paragraph (e)(7) through 
(e)(8) of this section. 

(10) Divide the mean C2H6 concentra-
tion measured through the non-
methane cutter by the mean C2H6 con-
centration measured after bypassing 
the nonmethane cutter. The result is 
the C2H6 penetration fraction, 
PFC2H6[NMC–FID]. Use this penetration 
fraction according to § 1065.660(b)(2)(ii), 
§ 1065.660(d)(1)(ii), or § 1065.665, as appli-
cable. 

(11) Repeat the steps in paragraphs 
(e)(6) through (e)(10) of this section, but 
with the CH4 analytical gas mixture in-
stead of C2H6. The result will be the 
CH4 penetration fraction, PFCH4[NMC-FID]. 
Use this penetration fraction according 
to § 1065.660(b)(2)(ii), § 1065.660(c)(1)(ii), 
or § 1065.665, as applicable. 

(f) Procedure for a FID calibrated with 
CH4, bypassing the NMC. If you use a 
FID with an NMC that is calibrated 
with CH4, by bypassing the NMC, deter-
mine its combined ethane (C2H6) re-
sponse factor and penetration fraction, 
RFPFC2H6[NMC-FID], as well as its CH4 pen-
etration fraction, PFCH4[NMC-FID], as fol-
lows: 

(1) Select CH4 and C2H6 analytical gas 
mixtures and ensure that both mix-
tures meet the specifications of 
§ 1065.750. Select a CH4 concentration 
that you would use for spanning the 
FID during emission testing and select 
a C2H6 concentration that is typical of 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00137 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



128 

40 CFR Ch. I (7–1–18 Edition) § 1065.366 

the peak NMHC concentration expected 
at the hydrocarbon standard or equal 
to the THC analyzer’s span value. For 
CH4 analyzers with multiple ranges, 
perform this procedure on the highest 
range used for emission testing. 

(2) Start and operate the nonmethane 
cutter according to the manufacturer’s 
instructions, including any tempera-
ture optimization. 

(3) Confirm that the FID analyzer 
meets all the specifications of § 1065.360. 

(4) Start and operate the FID ana-
lyzer according to the manufacturer’s 
instructions. 

(5) Zero and span the FID as you 
would during emission testing. Span 
the FID by bypassing the cutter and by 
using CH4 span gas. Note that you must 
span the FID on a C1 basis. For exam-
ple, if your span gas has a methane ref-
erence value of 100 μmol/mol, the cor-
rect FID response to that span gas is 
100 μmol/mol because there is one car-
bon atom per CH4 molecule. 

(6) Introduce the C2H6 analytical gas 
mixture upstream of the nonmethane 
cutter. Use good engineering judgment 
to address the effect of hydrocarbon 
contamination if your point of intro-
duction is vastly different from the 
point of zero/span gas introduction. 

(7) Allow time for the analyzer re-
sponse to stabilize. Stabilization time 
may include time to purge the non-
methane cutter and to account for the 
analyzer’s response. 

(8) While the analyzer measures a 
stable concentration, record 30 seconds 
of sampled data. Calculate the arith-
metic mean of these data points. 

(9) Divide the mean C2H6 concentra-
tion by the reference concentration of 
C2H6, converted to a C1 basis. The re-
sult is the C2H6 combined response fac-
tor and penetration fraction, 
RFPFC2H6[NMC–FID]. Use this combined re-
sponse factor and penetration fraction 
according to § 1065.660(b)(2)(iii), 
§ 1065.660(d)(1)(iii), or § 1065.665, as appli-
cable. 

(10) Introduce the CH4 analytical gas 
mixture upstream of the nonmethane 
cutter. Use good engineering judgment 
to address the effect of hydrocarbon 
contamination if your point of intro-
duction is vastly different from the 
point of zero/span gas introduction. 

(11) Allow time for the analyzer re-
sponse to stabilize. Stabilization time 
may include time to purge the non-
methane cutter and to account for the 
analyzer’s response. 

(12) While the analyzer measures a 
stable concentration, record 30 seconds 
of sampled data. Calculate the arith-
metic mean of these data points. 

(13) Reroute the flow path to bypass 
the nonmethane cutter, introduce the 
CH4 analytical gas mixture, and repeat 
the steps in paragraphs (e)(11) and (12) 
of this section. 

(14) Divide the mean CH4 concentra-
tion measured through the non-
methane cutter by the mean CH4 con-
centration measured after bypassing 
the nonmethane cutter. The result is 
the CH4 penetration fraction, 
PFCH4[NMC–FID]. Use this penetration frac-
tion according to § 1065.660(b)(2)(iii), 
§ 1065.660(d)(1)(iii), or § 1065.665, as appli-
cable. 

[73 FR 37310, June 30, 2008, as amended at 74 
FR 56513, Oct. 30, 2009; 79 FR 23770, Apr. 28, 
2014; 81 FR 74168, Oct. 25, 2016] 

§ 1065.366 Interference verification for 
FTIR analyzers. 

(a) Scope and frequency. If you meas-
ure CH4, C2H6, NMHC, or NMNEHC 
using an FTIR analyzer, verify the 
amount of interference after initial an-
alyzer installation and after major 
maintenance. 

(b) Measurement principles. Inter-
ference gases can interfere with certain 
analyzers by causing a response similar 
to the target analyte. If the analyzer 
uses compensation algorithms that uti-
lize measurements of other gases to 
meet this interference verification, si-
multaneously conduct these other 
measurements to test the compensa-
tion algorithms during the analyzer in-
terference verification. 

(c) System requirements. An FTIR ana-
lyzer must have combined interference 
that is within ±2% of the flow-weighted 
mean concentration of CH4, NMHC, or 
NMNEHC expected at the standard, 
though we strongly recommend a lower 
interference that is within ±1%. 

(d) Procedure. Perform the inter-
ference verification for an FTIR ana-
lyzer using the same procedure that ap-
plies for N2O analyzers in § 1065.375(d). 

[81 FR 74168, Oct. 25, 2016] 
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§ 1065.369 H2O, CO, and CO2 inter-
ference verification for 
photoacoustic alcohol analyzers. 

(a) Scope and frequency. If you meas-
ure ethanol or methanol using a 
photoacoustic analyzer, verify the 
amount of H2O, CO, and CO2 inter-
ference after initial analyzer installa-
tion and after major maintenance. 

(b) Measurement principles. H2O, CO, 
and CO2 can positively interfere with a 
photoacoustic analyzer by causing a re-
sponse similar to ethanol or methanol. 
If the photoacoustic analyzer uses com-
pensation algorithms that utilize 
measurements of other gases to meet 
this interference verification, simulta-
neously conduct these other measure-
ments to test the compensation algo-
rithms during the analyzer inter-
ference verification. 

(c) System requirements. Photoacoustic 
analyzers must have combined inter-
ference that is within (0.0 ±0.5) μmol/ 
mol. We strongly recommend a lower 
interference that is within (0.0 ±0.25) 
μmol/mol. 

(d) Procedure. Perform the inter-
ference verification by following the 
procedure in § 1065.375(d), comparing 
the results to paragraph (c) of this sec-
tion. 

[79 FR 23770, Apr. 28, 2014] 

NOX AND N2O MEASUREMENTS 

§ 1065.370 CLD CO2 and H2O quench 
verification. 

(a) Scope and frequency. If you use a 
CLD analyzer to measure NOX, verify 
the amount of H2O and CO2 quench 
after installing the CLD analyzer and 
after major maintenance. 

(b) Measurement principles. H2O and 
CO2 can negatively interfere with a 
CLD’s NOX response by collisional 
quenching, which inhibits the 
chemiluminescent reaction that a CLD 
utilizes to detect NOX. This procedure 
and the calculations in § 1065.675 deter-
mine quench and scale the quench re-
sults to the maximum mole fraction of 
H2O and the maximum CO2 concentra-
tion expected during emission testing. 
If the CLD analyzer uses quench com-
pensation algorithms that utilize H2O 
and/or CO2 measurement instruments, 
evaluate quench with these instru-

ments active and evaluate quench with 
the compensation algorithms applied. 

(c) System requirements. A CLD ana-
lyzer must have a combined H2O and 
CO2 quench of ±2% or less, though we 
strongly recommend a quench of ±1% 
or less. Combined quench is the sum of 
the CO2 quench determined as de-
scribed in paragraph (d) of this section, 
plus the H2O quench determined in 
paragraph (e) of this section. 

(d) CO2 quench verification procedure. 
Use the following method to determine 
CO2 quench by using a gas divider that 
blends binary span gases with zero gas 
as the diluent and meets the specifica-
tions in § 1065.248, or use good engineer-
ing judgment to develop a different 
protocol: 

(1) Use PTFE or stainless steel tub-
ing to make necessary connections. 

(2) Configure the gas divider such 
that nearly equal amounts of the span 
and diluent gases are blended with each 
other. 

(3) If the CLD analyzer has an oper-
ating mode in which it detects NO- 
only, as opposed to total NOX, operate 
the CLD analyzer in the NO-only oper-
ating mode. 

(4) Use a CO2 span gas that meets the 
specifications of § 1065.750 and a con-
centration that is approximately twice 
the maximum CO2 concentration ex-
pected during emission testing. 

(5) Use an NO span gas that meets the 
specifications of § 1065.750 and a con-
centration that is approximately twice 
the maximum NO concentration ex-
pected during emission testing. 

(6) Zero and span the CLD analyzer. 
Span the CLD analyzer with the NO 
span gas from paragraph (d)(5) of this 
section through the gas divider. Con-
nect the NO span gas to the span port 
of the gas divider; connect a zero gas to 
the diluent port of the gas divider; use 
the same nominal blend ratio selected 
in paragraph (d)(2) of this section; and 
use the gas divider’s output concentra-
tion of NO to span the CLD analyzer. 
Apply gas property corrections as nec-
essary to ensure accurate gas division. 

(7) Connect the CO2 span gas to the 
span port of the gas divider. 

(8) Connect the NO span gas to the 
diluent port of the gas divider. 

(9) While flowing NO and CO2 through 
the gas divider, stabilize the output of 
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the gas divider. Determine the CO2 con-
centration from the gas divider output, 
applying gas property correction as 
necessary to ensure accurate gas divi-
sion, or measure it using an NDIR. 
Record this concentration, xCO2act, and 
use it in the quench verification cal-
culations in § 1065.675. Alternatively, 
you may use a simple gas blending de-
vice and use an NDIR to determine this 
CO2 concentration. If you use an NDIR, 
it must meet the requirements of this 
part for laboratory testing and you 
must span it with the CO2 span gas 
from paragraph (d)(4) of this section. 

(10) Measure the NO concentration 
downstream of the gas divider with the 
CLD analyzer. Allow time for the ana-
lyzer response to stabilize. Stabiliza-
tion time may include time to purge 
the transfer line and to account for an-
alyzer response. While the analyzer 
measures the sample’s concentration, 
record the analyzer’s output for 30 sec-
onds. Calculate the arithmetic mean 
concentration from these data, xNOmeas. 
Record xNOmeas, and use it in the quench 
verification calculations in § 1065.675. 

(11) Calculate the actual NO con-
centration at the gas divider’s outlet, 
xNOact, based on the span gas concentra-
tions and xCO2act according to Eq. 
1065.675–2. Use the calculated value in 
the quench verification calculations in 
Eq. 1065.675–1. 

(12) Use the values recorded accord-
ing to this paragraph (d) and paragraph 
(e) of this section to calculate quench 
as described in § 1065.675. 

(e) H2O quench verification procedure. 
Use the following method to determine 
H2O quench, or use good engineering 
judgment to develop a different pro-
tocol: 

(1) Use PTFE or stainless steel tub-
ing to make necessary connections. 

(2) If the CLD analyzer has an oper-
ating mode in which it detects NO- 
only, as opposed to total NOX, operate 
the CLD analyzer in the NO-only oper-
ating mode. 

(3) Use an NO span gas that meets the 
specifications of § 1065.750 and a con-
centration that is near the maximum 
concentration expected during emis-
sion testing. 

(4) Zero and span the CLD analyzer. 
Span the CLD analyzer with the NO 
span gas from paragraph (e)(3) of this 

section, record the span gas concentra-
tion as xNOdry, and use it in the quench 
verification calculations in § 1065.675. 

(5) Humidify the NO span gas by bub-
bling it through distilled H2O in a 
sealed vessel. If the humidified NO span 
gas sample does not pass through a 
sample dryer for this verification test, 
control the vessel temperature to gen-
erate an H2O level approximately equal 
to the maximum mole fraction of H2O 
expected during emission testing. If the 
humidified NO span gas sample does 
not pass through a sample dryer, the 
quench verification calculations in 
§ 1065.675 scale the measured H2O 
quench to the highest mole fraction of 
H2O expected during emission testing. 
If the humidified NO span gas sample 
passes through a dryer for this 
verification test, control the vessel 
temperature to generate an H2O level 
at least as high as the level determined 
in § 1065.145(e)(2). For this case, the 
quench verification calculations in 
§ 1065.675 do not scale the measured H2O 
quench. 

(6) Introduce the humidified NO test 
gas into the sample system. You may 
introduce it upstream or downstream 
of any sample dryer that is used during 
emission testing. Note that the sample 
dryer must meet the sample dryer 
verification check in § 1065.342. 

(7) Measure the mole fraction of H2O 
in the humidified NO span gas down-
stream of the sample dryer, xH2Omeas. We 
recommend that you measure xH2Omeas 
as close as possible to the CLD ana-
lyzer inlet. You may calculate xH2Omeas 
from measurements of dew point, Tdew, 
and absolute pressure, ptotal. 

(8) Use good engineering judgment to 
prevent condensation in the transfer 
lines, fittings, or valves from the point 
where xH2Omeas is measured to the ana-
lyzer. We recommend that you design 
your system so the wall temperatures 
in the transfer lines, fittings, and 
valves from the point where xH2Omeas is 
measured to the analyzer are at least 5 
°C above the local sample gas dew 
point. 

(9) Measure the humidified NO span 
gas concentration with the CLD ana-
lyzer. Allow time for the analyzer re-
sponse to stabilize. Stabilization time 
may include time to purge the transfer 
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line and to account for analyzer re-
sponse. While the analyzer measures 
the sample’s concentration, record the 
analyzer’s output for 30 seconds. Cal-
culate the arithmetic mean of these 
data, xNOwet. Record xNOwet and use it in 
the quench verification calculations in 
§ 1065.675. 

(f) Corrective action. If the sum of the 
H2O quench plus the CO2 quench is less 
than ¥2% or greater than + 2%, take 
corrective action by repairing or re-
placing the analyzer. Before running 
emission tests, verify that the correc-
tive action successfully restored the 
analyzer to proper functioning. 

(g) Exceptions. The following excep-
tions apply: 

(1) You may omit this verification if 
you can show by engineering analysis 
that for your NOX sampling system and 
your emission calculation procedures, 
the combined CO2 and H2O interference 
for your NOX CLD analyzer always af-
fects your brake-specific NOX emission 
results within no more than ±1% of the 
applicable NOX standard. If you certify 
to a combined emission standard (such 
as a NOX + NMHC standard), scale your 
NOX results to the combined standard 
based on the measured results (after in-
corporating deterioration factors, if 
applicable). For example, if your final 
NOX + NMHC value is half of the emis-
sion standard, double the NOX result to 
estimate the level of NOX emissions 
corresponding to the applicable stand-
ard. 

(2) You may use a NOX CLD analyzer 
that you determine does not meet this 
verification, as long as you try to cor-
rect the problem and the measurement 
deficiency does not adversely affect 
your ability to show that engines com-
ply with all applicable emission stand-
ards. 

[73 FR 59328, Oct. 8, 2008, as amended at 73 FR 
73789, Dec. 4, 2008; 75 FR 23041, Apr. 30, 2010; 
76 FR 57447, Sept. 15, 2011; 79 FR 23771, Apr. 
28, 2014; 81 FR 74168, Oct. 25, 2016] 

§ 1065.372 NDUV analyzer HC and H2O 
interference verification. 

(a) Scope and frequency. If you meas-
ure NOX using an NDUV analyzer, 
verify the amount of H2O and hydro-
carbon interference after initial ana-
lyzer installation and after major 
maintenance. 

(b) Measurement principles. Hydro-
carbons and H2O can positively inter-
fere with an NDUV analyzer by causing 
a response similar to NOX. If the NDUV 
analyzer uses compensation algorithms 
that utilize measurements of other 
gases to meet this interference 
verification, simultaneously conduct 
such measurements to test the algo-
rithms during the analyzer inter-
ference verification. 

(c) System requirements. A NOX NDUV 
analyzer must have combined H2O and 
HC interference within ±2% of the flow- 
weighted mean concentration of NOX 
expected at the standard, though we 
strongly recommend keeping inter-
ference within ±1%. 

(d) Procedure. Perform the inter-
ference verification as follows: 

(1) Start, operate, zero, and span the 
NOX NDUV analyzer according to the 
instrument manufacturer’s instruc-
tions. 

(2) We recommend that you extract 
engine exhaust to perform this 
verification. Use a CLD that meets the 
specifications of subpart C of this part 
to quantify NOX in the exhaust. Use the 
CLD response as the reference value. 
Also measure HC in the exhaust with a 
FID analyzer that meets the specifica-
tions of subpart C of this part. Use the 
FID response as the reference hydro-
carbon value. 

(3) Upstream of any sample dryer, if 
one is used during testing, introduce 
the engine exhaust to the NDUV ana-
lyzer. 

(4) Allow time for the analyzer re-
sponse to stabilize. Stabilization time 
may include time to purge the transfer 
line and to account for analyzer re-
sponse. 

(5) While all analyzers measure the 
sample’s concentration, record 30 sec-
onds of sampled data, and calculate the 
arithmetic means for the three ana-
lyzers. 

(6) Subtract the CLD mean from the 
NDUV mean. 

(7) Multiply this difference by the 
ratio of the flow-weighted mean HC 
concentration expected at the standard 
to the HC concentration measured dur-
ing the verification. The analyzer 
meets the interference verification of 
this section if this result is within ±2% 
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of the NOX concentration expected at 
the standard. 

(e) Exceptions. The following excep-
tions apply: 

(1) You may omit this verification if 
you can show by engineering analysis 
that for your NOX sampling system and 
your emission calculation procedures, 
the combined HC and H2O interference 
for your NOX NDUV analyzer always af-
fects your brake-specific NOX emission 
results by less than 0.5% of the applica-
ble NOX standard. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37312, June 30, 2008; 76 FR 57447, Sept. 15, 
2011] 

§ 1065.375 Interference verification for 
N2O analyzers. 

(a) Scope and frequency. See § 1065.275 
to determine whether you need to 
verify the amount of interference after 
initial analyzer installation and after 
major maintenance. 

(b) Measurement principles. Inter-
ference gases can positively interfere 
with certain analyzers by causing a re-
sponse similar to N2O. If the analyzer 
uses compensation algorithms that uti-
lize measurements of other gases to 
meet this interference verification, si-
multaneously conduct these other 
measurements to test the compensa-
tion algorithms during the analyzer in-
terference verification. 

(c) System requirements. Analyzers 
must have combined interference that 
is within (0.0 ±1.0) μmol/mol. We strong-
ly recommend a lower interference 
that is within (0.0 ±0.5) μmol/mol. 

(d) Procedure. Perform the inter-
ference verification as follows: 

(1) Start, operate, zero, and span the 
N2O analyzer as you would before an 
emission test. If the sample is passed 
through a dryer during emission test-
ing, you may run this verification test 
with the dryer if it meets the require-
ments of § 1065.342. Operate the dryer at 
the same conditions as you will for an 
emission test. You may also run this 
verification test without the sample 
dryer. 

(2) Create a humidified test gas by 
bubbling a multi component span gas 
that incorporates the target inter-
ference species and meets the specifica-
tions in § 1065.750 through distilled H2O 
in a sealed vessel. If the sample is not 

passed through a dryer during emission 
testing, control the vessel temperature 
to generate an H2O level at least as 
high as the maximum expected during 
emission testing. If the sample is 
passed through a dryer during emission 
testing, control the vessel temperature 
to generate an H2O level at least as 
high as the level determined in 
§ 1065.145(e)(2) for that dryer. Use inter-
ference span gas concentrations that 
are at least as high as the maximum 
expected during testing. 

(3) Introduce the humidified inter-
ference test gas into the sample sys-
tem. You may introduce it downstream 
of any sample dryer, if one is used dur-
ing testing. 

(4) If the sample is not passed 
through a dryer during this 
verification test, measure the H2O mole 
fraction,xH2O, of the humidified inter-
ference test gas as close as possible to 
the inlet of the analyzer. For example, 
measure dewpoint, Tdew, and absolute 
pressure, ptotal, to calculatexH2O. Verify 
that the H2O content meets the re-
quirement in paragraph (d)(2) of this 
section. If the sample is passed through 
a dryer during this verification test, 
you must verify that the H2O content 
of the humidified test gas downstream 
of the vessel meets the requirement in 
paragraph (d)(2) of this section based 
on either direct measurement of the 
H2O content (e.g., dewpoint and pres-
sure) or an estimate based on the ves-
sel pressure and temperature. Use good 
engineering judgment to estimate the 
H2O content. For example, you may use 
previous direct measurements of H2O 
content to verify the vessel’s level of 
saturation. 

(5) If a sample dryer is not used in 
this verification test, use good engi-
neering judgment to prevent condensa-
tion in the transfer lines, fittings, or 
valves from the point wherexH2O is 
measured to the analyzer. We rec-
ommend that you design your system 
so that the wall temperatures in the 
transfer lines, fittings, and valves from 
the point where xH2O is measured to the 
analyzer are at least 5 ßC above the 
local sample gas dewpoint. 

(6) Allow time for the analyzer re-
sponse to stabilize. Stabilization time 
may include time to purge the transfer 
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line and to account for analyzer re-
sponse. 

(7) While the analyzer measures the 
sample’s concentration, record its out-
put for 30 seconds. Calculate the arith-
metic mean of this data. When per-
formed with all the gases simulta-
neously, this is the combined inter-
ference. 

(8) The analyzer meets the inter-
ference verification if the result of 
paragraph (d)(7) of this section meets 
the tolerance in paragraph (c) of this 
section. 

(9) You may also run interference 
procedures separately for individual in-
terference gases. If the interference gas 
levels used are higher than the max-
imum levels expected during testing, 
you may scale down each observed in-
terference value (the arithmetic mean 
of 30 second data described in para-
graph (d)(7) of this section) by multi-
plying the observed interference by the 
ratio of the maximum expected con-
centration value to the actual value 
used during this procedure. You may 
run separate interference concentra-
tions of H2O (down to 0.025 mol/mol H2O 
content) that are lower than the max-
imum levels expected during testing, 
but you must scale up the observed H2O 
interference by multiplying the ob-
served interference by the ratio of the 
maximum expected H2O concentration 
value to the actual value used during 
this procedure. The sum of the scaled 
interference values must meet the tol-
erance for combined interference as 
specified in paragraph (c) of this sec-
tion. 

[74 FR 56515, Oct. 30, 2009, as amended at 
23771, Apr. 28, 2014; 81 FR 74168, Oct. 25, 2016] 

§ 1065.376 Chiller NO2 penetration. 
(a) Scope and frequency. If you use a 

chiller to dry a sample upstream of a 
NOX measurement instrument, but you 
don’t use an NO2-to-NO converter up-
stream of the chiller, you must per-
form this verification for chiller NO2 
penetration. Perform this verification 
after initial installation and after 
major maintenance. 

(b) Measurement principles. A chiller 
removes H2O, which can otherwise 
interfere with a NOX measurement. 
However, liquid H2O remaining in an 
improperly designed chiller can remove 

NO2 from the sample. If a chiller is 
used without an NO2-to-NO converter 
upstream, it could remove NO2 from 
the sample prior NOX measurement. 

(c) System requirements. A chiller 
must allow for measuring at least 95% 
of the total NO2 at the maximum ex-
pected concentration of NO2. 

(d) Procedure. Use the following pro-
cedure to verify chiller performance: 

(1) Instrument setup. Follow the ana-
lyzer and chiller manufacturers’ start- 
up and operating instructions. Adjust 
the analyzer and chiller as needed to 
optimize performance. 

(2) Equipment setup and data collec-
tion. (i) Zero and span the total NOX 
gas analyzer(s) as you would before 
emission testing. 

(ii) Select an NO2 calibration gas, 
balance gas of dry air, that has an NO2 
concentration within ±5% of the max-
imum NO2 concentration expected dur-
ing testing. 

(iii) Overflow this calibration gas at 
the gas sampling system’s probe or 
overflow fitting. Allow for stabilization 
of the total NOX response, accounting 
only for transport delays and instru-
ment response. 

(iv) Calculate the mean of 30 seconds 
of recorded total NOX data and record 
this value as xNOXref. 

(v) Stop flowing the NO2 calibration 
gas. 

(vi) Next saturate the sampling sys-
tem by overflowing a dewpoint genera-
tor’s output, set at a dewpoint of 50 °C, 
to the gas sampling system’s probe or 
overflow fitting. Sample the dewpoint 
generator’s output through the sam-
pling system and chiller for at least 10 
minutes until the chiller is expected to 
be removing a constant rate of H2O. 

(vii) Immediately switch back to 
overflowing the NO2 calibration gas 
used to establish xNOxref. Allow for sta-
bilization of the total NOX response, 
accounting only for transport delays 
and instrument response. Calculate the 
mean of 30 seconds of recorded total 
NOX data and record this value as 
xNOxmeas. 

(viii) Correct xNOxmeas to xNOxdry based 
upon the residual H2O vapor that 
passed through the chiller at the 
chiller’s outlet temperature and pres-
sure. 
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(3) Performance evaluation. If xNOxdry is 
less than 95% of xNOxref, repair or re-
place the chiller. 

(e) Exceptions. The following excep-
tions apply: 

(1) You may omit this verification if 
you can show by engineering analysis 
that for your NOX sampling system and 
your emission calculations procedures, 
the chiller always affects your brake- 
specific NOX emission results by less 
than 0.5% of the applicable NOX stand-
ard. 

(2) You may use a chiller that you de-
termine does not meet this 
verification, as long as you try to cor-
rect the problem and the measurement 
deficiency does not adversely affect 
your ability to show that engines com-
ply with all applicable emission stand-
ards. 

[73 FR 37312, June 30, 2008, as amended at 79 
FR 23771, Apr. 28, 2014] 

§ 1065.378 NO2-to-NO converter con-
version verification. 

(a) Scope and frequency. If you use an 
analyzer that measures only NO to de-
termine NOX, you must use an NO2-to- 
NO converter upstream of the analyzer. 
Perform this verification after install-
ing the converter, after major mainte-
nance and within 35 days before an 
emission test. This verification must 
be repeated at this frequency to verify 
that the catalytic activity of the NO2- 
to-NO converter has not deteriorated. 

(b) Measurement principles. An NO2-to- 
NO converter allows an analyzer that 
measures only NO to determine total 
NOX by converting the NO2 in exhaust 
to NO. 

(c) System requirements. An NO2-to-NO 
converter must allow for measuring at 
least 95% of the total NO2 at the max-
imum expected concentration of NO2. 

(d) Procedure. Use the following pro-
cedure to verify the performance of a 
NO2-to-NO converter: 

(1) Instrument setup. Follow the ana-
lyzer and NO2-to-NO converter manu-
facturers’ start-up and operating in-
structions. Adjust the analyzer and 
converter as needed to optimize per-
formance. 

(2) Equipment setup. Connect an 
ozonator’s inlet to a zero-air or oxygen 
source and connect its outlet to one 
port of a three-way tee fitting. Connect 

an NO span gas to another port, and 
connect the NO2-to-NO converter inlet 
to the last port. 

(3) Adjustments and data collection. 
Perform this check as follows: 

(i) Set ozonator air off, turn ozonator 
power off, and set the analyzer to NO 
mode. Allow for stabilization, account-
ing only for transport delays and in-
strument response. 

(ii) Use an NO concentration that is 
representative of the peak total NOX 
concentration expected during testing. 
The NO2 content of the gas mixture 
shall be less than 5% of the NO con-
centration. Record the concentration 
of NO by calculating the mean of 30 
seconds of sampled data from the ana-
lyzer and record this value as xNOref. 

(iii) Turn on the ozonator O2 supply 
and adjust the O2 flow rate so the NO 
indicated by the analyzer is about 10 
percent less than xNOref. Record the con-
centration of NO by calculating the 
mean of 30 seconds of sampled data 
from the analyzer and record this value 
as xNO

∂
O2mix. 

(iv) Switch the ozonator on and ad-
just the ozone generation rate so the 
NO measured by the analyzer is 20 per-
cent of xNOref or a value which would 
simulate the maximum concentration 
of NO2 expected during testing, while 
maintaining at least 10 percent 
unreacted NO. This ensures that the 
ozonator is generating NO2 at the max-
imum concentration expected during 
testing. Record the concentration of 
NO by calculating the mean of 30 sec-
onds of sampled data from the analyzer 
and record this value as xNOmeas. 

(v) Switch the NOX analyzer to NOX 
mode and measure total NOX. Record 
the concentration of NOX by calcu-
lating the mean of 30 seconds of sam-
pled data from the analyzer and record 
this value as xNOxmeas. 

(vi) Switch off the ozonator but 
maintain gas flow through the system. 
The NOX analyzer will indicate the NOX 
in the NO + O2 mixture. Record the 
concentration of NOX by calculating 
the mean of 30 seconds of sampled data 
from the analyzer and record this value 
as xNOx

∂
O2mix. 

(vii) Turn off the ozonator O2 supply. 
The NOX analyzer will indicate the NOX 
in the original NO-in-N2 mixture. 
Record the concentration of NOX by 
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calculating the mean of 30 seconds of 
sampled data from the analyzer and 
record this value as xNOxref. This value 
should be no more than 5 percent above 
the xNOref value. 

(4) Performance evaluation. Calculate 
the efficiency of the NOX converter by 
substituting the concentrations ob-
tained into the following equation: 

efficiency
x x

x x
  = 1 2

2

+
−

⎛

⎝
⎜⎜

⎞

⎠

− +

+

NOxmeas NOx O mix

NO O mix NOmeas

⎟⎟⎟ ⋅100%

(5) If the result is less than 95%, re-
pair or replace the NO2-to-NO con-
verter. 

(e) Exceptions. The following excep-
tions apply: 

(1) You may omit this verification if 
you can show by engineering analysis 
that for your NOX sampling system and 
your emission calculations procedures, 
the converter always affects your 
brake-specific NOX emission results by 
less than 0.5% of the applicable NOX 
standard. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37313, June 30, 2008; 73 FR 59330, Oct. 8, 
2008; 76 FR 57447, Sept. 15, 2011] 

PM MEASUREMENTS 

§ 1065.390 PM balance verifications 
and weighing process verification. 

(a) Scope and frequency. This section 
describes three verifications. 

(1) Independent verification of PM 
balance performance within 370 days 
before weighing any filter. 

(2) Zero and span the balance within 
12 h before weighing any filter. 

(3) Verify that the mass determina-
tion of reference filters before and 
after a filter weighing session are less 
than a specified tolerance. 

(b) Independent verification. Have the 
balance manufacturer (or a representa-
tive approved by the balance manufac-
turer) verify the balance performance 
within 370 days of testing. Balances 
have internal weights that compensate 
for drift due to environmental changes. 
These internal weights must be verified 
as part of this independent verification 
with external, certified calibration 
weights that meet the specifications in 
§ 1065.790. 

(c) Zeroing and spanning. You must 
verify balance performance by zeroing 

and spanning it with at least one cali-
bration weight. Also, any external 
weights you use must meet the speci-
fications in § 1065.790. Any weights in-
ternal to the PM balance used for this 
verification must be verified as de-
scribed in paragraph (b) of this section. 

(1) Use a manual procedure in which 
you zero the balance and span the bal-
ance with at least one calibration 
weight. If you normally use mean val-
ues by repeating the weighing process 
to improve the accuracy and precision 
of PM measurements, use the same 
process to verify balance performance. 

(2) You may use an automated proce-
dure to verify balance performance. 
For example most balances have inter-
nal weights for automatically verifying 
balance performance. 

(d) Reference sample weighing. Verify 
all mass readings during a weighing 
session by weighing reference PM sam-
ple media (e.g., filters) before and after 
a weighing session. A weighing session 
may be as short as desired, but no 
longer than 80 hours, and may include 
both pre-test and post-test mass read-
ings. We recommend that weighing ses-
sions be eight hours or less. Successive 
mass determinations of each reference 
PM sample media (e.g., filter) must re-
turn the same value within ±10 μg or 
±10% of the net PM mass expected at 
the standard (if known), whichever is 
higher. If successive reference PM sam-
ple media (e.g., filter) weighing events 
fail this criterion, invalidate all indi-
vidual test media (e.g., filter) mass 
readings occurring between the succes-
sive reference media (e.g., filter) mass 
determinations. You may reweigh 
these media (e.g., filter) in another 
weighing session. If you invalidate a 
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pre-test media (e.g., filter) mass deter-
mination, that test interval is void. 
Perform this verification as follows: 

(1) Keep at least two samples of un-
used PM sample media (e.g., filters) in 
the PM-stabilization environment. Use 
these as references. If you collect PM 
with filters, select unused filters of the 
same material and size for use as ref-
erences. You may periodically replace 
references, using good engineering 
judgment. 

(2) Stabilize references in the PM sta-
bilization environment. Consider ref-
erences stabilized if they have been in 
the PM-stabilization environment for a 
minimum of 30 min, and the PM-sta-
bilization environment has been within 
the specifications of § 1065.190(d) for at 
least the preceding 60 min. 

(3) Exercise the balance several times 
with a reference sample. We rec-
ommend weighing ten samples without 
recording the values. 

(4) Zero and span the balance. Using 
good engineering judgment, place a 
test mass such as a calibration weight 
on the balance, then remove it. After 
spanning, confirm that the balance re-
turns to a zero reading within the nor-
mal stabilization time. 

(5) Weigh each of the reference media 
(e.g., filters) and record their masses. 
We recommend using substitution 
weighing as described in § 1065.590(j). If 
you normally use mean values by re-
peating the weighing process to im-
prove the accuracy and precision of the 
reference media (e.g., filter) mass, you 
must use mean values of sample media 
(e.g., filter) masses. 

(6) Record the balance environment 
dewpoint, ambient temperature, and 
atmospheric pressure. 

(7) Use the recorded ambient condi-
tions to correct results for buoyancy as 
described in § 1065.690. Record the buoy-
ancy-corrected mass of each of the ref-
erences. 

(8) Subtract each reference media’s 
(e.g., filter’s) buoyancy-corrected ref-
erence mass from its previously meas-
ured and recorded buoyancy-corrected 
mass. 

(9) If any of the reference filters’ ob-
served mass changes by more than that 
allowed under this paragraph, you 
must invalidate all PM mass deter-
minations made since the last success-

ful reference media (e.g. filter) mass 
validation. You may discard reference 
PM media (e.g. filters) if only one of 
the filter’s mass changes by more than 
the allowable amount and you can 
positively identify a special cause for 
that filter’s mass change that would 
not have affected other in-process fil-
ters. Thus, the validation can be con-
sidered a success. In this case, you do 
not have to include the contaminated 
reference media when determining 
compliance with paragraph (d)(10) of 
this section, but the affected reference 
filter must be immediately discarded 
and replaced prior to the next weighing 
session. 

(10) If any of the reference masses 
change by more than that allowed 
under this paragraph (d), invalidate all 
PM results that were determined be-
tween the two times that the reference 
masses were determined. If you dis-
carded reference PM sample media ac-
cording to paragraph (d)(9) of this sec-
tion, you must still have at least one 
reference mass difference that meets 
the criteria in this paragraph (d). Oth-
erwise, you must invalidate all PM re-
sults that were determined between the 
two times that the reference media 
(e.g., filters) masses were determined. 

[73 FR 37313, June 30, 2008, as amended at 75 
FR 23042, Apr. 30, 2010; 75 FR 68463, Nov. 8, 
2010; 81 FR 74168, Oct. 25, 2016] 

§ 1065.395 Inertial PM balance 
verifications. 

This section describes how to verify 
the performance of an inertial PM bal-
ance. 

(a) Independent verification. Have the 
balance manufacturer (or a representa-
tive approved by the balance manufac-
turer) verify the inertial balance per-
formance within 370 days before test-
ing. 

(b) Other verifications. Perform other 
verifications using good engineering 
judgment and instrument manufac-
turer recommendations. 

Subpart E—Engine Selection, 
Preparation, and Maintenance 

§ 1065.401 Test engine selection. 
While all engine configurations with-

in a certified engine family must com-
ply with the applicable standards in 
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the standard-setting part, you need not 
test each configuration for certifi-
cation. 

(a) Select an engine configuration 
within the engine family for testing, as 
follows: 

(1) Test the engine that we specify, 
whether we issue general guidance or 
give you specific instructions. 

(2) If we do not tell you which engine 
to test, follow any instructions in the 
standard-setting part. 

(3) If we do not tell you which engine 
to test and the standard-setting part 
does not include specifications for se-
lecting test engines, use good engineer-
ing judgment to select the engine con-
figuration within the engine family 
that is most likely to exceed an emis-
sion standard. 

(b) In the absence of other informa-
tion, the following characteristics are 
appropriate to consider when selecting 
the engine to test: 

(1) Maximum fueling rates. 
(2) Maximum loads. 
(3) Maximum in-use speeds. 
(4) Highest sales volume. 
(c) For our testing, we may select 

any engine configuration within the 
engine family. 

§ 1065.405 Test engine preparation and 
maintenance. 

This part 1065 describes how to test 
engines for a variety of purposes, in-
cluding certification testing, produc-
tion-line testing, and in-use testing. 
Depending on which type of testing is 
being conducted, different preparation 
and maintenance requirements apply 
for the test engine. 

(a) If you are testing an emission- 
data engine for certification, make 
sure it is built to represent production 
engines, consistent with paragraph (f) 
of this section. This includes governors 
that you normally install on produc-
tion engines. Production engines 
should also be tested with their in-
stalled governors. If your engine is 
equipped with multiple user-selectable 
governor types and if the governor does 
not manipulate the emission control 
system (i.e., the governor only modu-
lates an ‘‘operator demand’’ signal 
such as commanded fuel rate, torque, 
or power), choose the governor type 
that allows the test cell to most accu-

rately follow the duty cycle. If the gov-
ernor manipulates the emission control 
system, treat it as an adjustable pa-
rameter. See paragraph (b) of this sec-
tion for guidance on setting adjustable 
parameters. If you do not install gov-
ernors on production engines, simulate 
a governor that is representative of a 
governor that others will install on 
your production engines. In certain cir-
cumstances, you may incorporate test 
cell components to simulate an in-use 
configuration, consistent with good en-
gineering judgment. For example, 
§§ 1065.122 and 1065.125 allow the use of 
test cell components to represent en-
gine cooling and intake air systems. 
The provisions in § 1065.110(e) also apply 
to emission-data engines for certifi-
cation. 

(b) We may set adjustable parameters 
to any value in the valid range, and 
you are responsible for controlling 
emissions over the full valid range. For 
each adjustable parameter, if the 
standard-setting part has no unique re-
quirements and if we have not specified 
a value, use good engineering judgment 
to select the most common setting. If 
information on the most common set-
ting is not available, select the setting 
representing the engine’s original 
shipped configuration. If information 
on the most common and original set-
tings is not available, set the adjust-
able parameter in the middle of the 
valid range. 

(c) Testing generally occurs only 
after the test engine has undergone a 
stabilization step (or in-use operation). 
If the engine has not already been sta-
bilized, run the test engine, with all 
emission control systems operating, 
long enough to stabilize emission lev-
els. Note that you must generally use 
the same stabilization procedures for 
emission-data engines for which you 
apply the same deterioration factors so 
low-hour emission-data engines are 
consistent with the low-hour engine 
used to develop the deterioration fac-
tor. 

(1) Unless otherwise specified in the 
standard-setting part, you may con-
sider emission levels stable without 
measurement after 50 h of operation. If 
the engine needs less operation to sta-
bilize emission levels, record your rea-
sons and the methods for doing this, 
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and give us these records if we ask for 
them. If the engine will be tested for 
certification as a low-hour engine, see 
the standard-setting part for limits on 
testing engines to establish low-hour 
emission levels. 

(2) You may stabilize emissions from 
a catalytic exhaust aftertreatment de-
vice by operating it on a different en-
gine, consistent with good engineering 
judgment. Note that good engineering 
judgment requires that you consider 
both the purpose of the test and how 
your stabilization method will affect 
the development and application of de-
terioration factors. For example, this 
method of stabilization is generally not 
appropriate for production engines. We 
may also allow you to stabilize emis-
sions from a catalytic exhaust 
aftertreatment device by operating it 
on an engine-exhaust simulator. 

(d) Record any maintenance, modi-
fications, parts changes, diagnostic or 
emissions testing and document the 
need for each event. You must provide 
this information if we request it. 

(e) For accumulating operating hours 
on your test engines, select engine op-
eration that represents normal in-use 
operation for the engine family. 

(f) If your engine will be used in a ve-
hicle equipped with a canister for stor-
ing evaporative hydrocarbons for even-
tual combustion in the engine and the 
test sequence involves a cold-start or 
hot-start duty cycle, attach a canister 
to the engine before running an emis-
sion test. You may omit using an evap-
orative canister for any hot-stabilized 
duty cycles. You may request to omit 
using an evaporative canister during 
testing if you can show that it would 
not affect your ability to show compli-
ance with the applicable emission 
standards. You may operate the engine 
without an installed canister for serv-
ice accumulation. Prior to an emission 
test, use the following steps to pre-
condition a canister and attach it to 
your engine: 

(1) Use a canister and plumbing ar-
rangement that represents the in-use 
configuration of the largest capacity 
canister in all expected applications. 

(2) Precondition the canister as de-
scribed in 40 CFR 86.132–96(j). 

(3) Connect the canister’s purge port 
to the engine. 

(4) Plug the canister port that is nor-
mally connected to the fuel tank. 

(g) This paragraph (g) defines the 
components that are considered to be 
part of the engine for laboratory test-
ing. See § 1065.110 for provisions related 
to system boundaries with respect to 
work inputs and outputs. 

(1) This paragraph (g)(1) describes 
certain criteria for considering a com-
ponent to be part of the test engine. 
The criteria are intended to apply 
broadly, such that a component would 
generally be considered part of the en-
gine in cases of uncertainty. Except as 
specified in paragraph (g)(2) of this sec-
tion, an engine-related component 
meeting both the following criteria is 
considered to be part of the test engine 
for purposes of testing and for stabi-
lizing emission levels, preconditioning, 
and measuring emission levels: 

(i) The component directly affects 
the functioning of the engine, is re-
lated to controlling emissions, or 
transmits engine power. This would in-
clude engine cooling systems, engine 
controls, and transmissions. 

(ii) The component is covered by the 
applicable certificate of conformity. 
For example, this criterion would typi-
cally exclude radiators not described in 
an application for certification. 

(2) This paragraph (g)(2) applies for 
engine-related components that meet 
the criteria of paragraph (g)(1) of this 
section, but that are part of the labora-
tory setup or are used for other en-
gines. Such components are considered 
to be part of the test engine for pre-
conditioning, but not for engine sta-
bilization. For example, if you test 
your engines using the same laboratory 
exhaust tubing for all tests, there 
would be no restrictions on the number 
of test hours that could be accumu-
lated with the tubing, but it would 
need to be preconditioned separately 
for each engine. 

[79 FR 23772, Apr. 28, 2014] 

§ 1065.410 Maintenance limits for sta-
bilized test engines. 

(a) After you stabilize the test en-
gine’s emission levels, you may do 
maintenance as allowed by the stand-
ard-setting part. However, you may not 
do any maintenance based on emission 
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measurements from the test engine 
(i.e., unscheduled maintenance). 

(b) For any critical emission-related 
maintenance—other than what we spe-
cifically allow in the standard-setting 
part—you must completely test an en-
gine for emissions before and after 
doing any maintenance that might af-
fect emissions, unless we waive this re-
quirement. 

(c) If you inspect an engine, keep a 
record of the inspection and update 
your application to document any 
changes that result. You may use any 
kind of equipment, instrument, or tool 
to identify bad engine components or 
perform maintenance if it is available 
at dealerships and other service out-
lets. 

(d) If we determine that a part fail-
ure, system malfunction, or associated 
repairs have made the engine’s emis-
sion controls unrepresentative of pro-
duction engines, you may no longer use 
it as an emission-data engine. Also, if 
your test engine has a major mechan-
ical failure that requires you to take it 
apart, you may no longer use it as an 
emission-data engine. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37314, June 30, 2008; 79 FR 23773, Apr. 28, 
2014; 80 FR 9118, Feb. 19, 2015] 

§ 1065.415 Durability demonstration. 
If the standard-setting part requires 

durability testing, you must accumu-
late service in a way that represents 
how you expect the engine to operate 
in use. You may accumulate service 
hours using an accelerated schedule, 
such as through continuous operation 
or by using duty cycles that are more 
aggressive than in-use operation, sub-
ject to any pre-approval requirements 
established in the applicable standard- 
setting part. 

(a) Maintenance. The following limits 
apply to the maintenance that we 
allow you to do on an emission-data 
engine: 

(1) You may perform scheduled main-
tenance that you recommend to opera-
tors, but only if it is consistent with 
the standard-setting part’s restric-
tions. 

(2) You may perform additional 
maintenance only as specified in 
§ 1065.410 or allowed by the standard- 
setting part. 

(b) Emission measurements. Perform 
emission tests following the provisions 
of the standard setting part and this 
part, as applicable. Perform emission 
tests to determine deterioration fac-
tors consistent with good engineering 
judgment. Evenly space any tests be-
tween the first and last test points 
throughout the durability period, un-
less we approve otherwise. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37315, June 30, 2008] 

Subpart F—Performing an Emission 
Test Over Specified Duty Cycles 

§ 1065.501 Overview. 
(a) Use the procedures detailed in 

this subpart to measure engine emis-
sions over a specified duty cycle. Refer 
to subpart J of this part for field test 
procedures that describe how to meas-
ure emissions during in-use engine op-
eration. This section describes how to: 

(1) Map your engine, if applicable, by 
recording specified speed and torque 
data, as measured from the engine’s 
primary output shaft. 

(2) Transform normalized duty cycles 
into reference duty cycles for your en-
gine by using an engine map. 

(3) Prepare your engine, equipment, 
and measurement instruments for an 
emission test. 

(4) Perform pre-test procedures to 
verify proper operation of certain 
equipment and analyzers. 

(5) Record pre-test data. 
(6) Start or restart the engine and 

sampling systems. 
(7) Sample emissions throughout the 

duty cycle. 
(8) Record post-test data. 
(9) Perform post-test procedures to 

verify proper operation of certain 
equipment and analyzers. 

(10) Weigh PM samples. 
(b) Unless we specify otherwise, you 

may control the regeneration timing of 
infrequently regenerated 
aftertreatment devices such as diesel 
particulate filters using good engineer-
ing judgment. You may control the re-
generation timing using a sequence of 
engine operating conditions or you 
may initiate regeneration with an ex-
ternal regeneration switch or other 
command. This provision also allows 
you to ensure that a regeneration 
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event does not occur during an emis-
sion test. 

(c) An emission test generally con-
sists of measuring emissions and other 
parameters while an engine follows one 
or more duty cycles that are specified 
in the standard-setting part. There are 
two general types of duty cycles: 

(1) Transient cycles. Transient duty 
cycles are typically specified in the 
standard-setting part as a second-by- 
second sequence of speed commands 
and normalized torque (or power) com-
mands. Operate an engine over a tran-
sient cycle such that the speed and 
torque of the engine’s primary output 
shaft follows the target values. Propor-
tionally sample emissions and other 
parameters and use the calculations in 
subpart G of this part to calculate 
emissions. Start a transient test ac-
cording to the standard-setting part, as 
follows: 

(i) A cold-start transient cycle where 
you start to measure emissions just be-
fore starting an engine that has not 
been warmed up. 

(ii) A hot-start transient cycle where 
you start to measure emissions just be-
fore starting a warmed-up engine. 

(iii) A hot running transient cycle 
where you start to measure emissions 
after an engine is started, warmed up, 
and running. 

(2) Steady-state cycles. Steady-state 
duty cycles are typically specified in 
the standard-setting part as a list of 
discrete operating points (modes or 
notches), where each operating point 
has one value of a normalized speed 
command and one value of a normal-
ized torque (or power) command. 
Ramped-modal cycles for steady-state 
testing also list test times for each 
mode and transition times between 
modes where speed and torque are lin-
early ramped between modes, even for 
cycles with % power. Start a steady- 
state cycle as a hot running test, where 
you start to measure emissions after 
an engine is started, warmed up and 
running. Run a steady-state duty cycle 
as a discrete-mode cycle or a ramped- 
modal cycle, as follows: 

(i) Discrete-mode cycles. Before emis-
sion sampling, stabilize an engine at 
the first discrete mode of the duty 
cycle specified in the standard-setting 
part. Sample emissions and other pa-

rameters for that mode in the same 
manner as a transient cycle, with the 
exception that reference speed and 
torque values are constant. Record 
data for that mode, transition to the 
next mode, and then stabilize the en-
gine at the next mode. Continue to 
sample each mode discretely as a sepa-
rate test interval and calculate com-
posite brake-specific emission results 
according to § 1065.650(g)(2). 

(A) Use good engineering judgment to 
determine the time required to sta-
bilize the engine. You may make this 
determination before starting the test 
based on prior experience, or you may 
make this determination in real time 
based an automated stability criteria. 
If needed, you may continue to operate 
the engine after reaching stability to 
get laboratory equipment ready for 
sampling. 

(B) Collect PM on separate PM sam-
ple media for each mode. 

(C) The minimum sample time is 60 
seconds. We recommend that you sam-
ple both gaseous and PM emissions 
over the same test interval. If you sam-
ple gaseous and PM emissions over dif-
ferent test intervals, there must be no 
change in engine operation between the 
two test intervals. These two test in-
tervals may completely or partially 
overlap, they may run consecutively, 
or they may be separated in time. 

(ii) Ramped-modal cycles. Perform 
ramped-modal cycles similar to the 
way you would perform transient cy-
cles, except that ramped-modal cycles 
involve mostly steady-state engine op-
eration. Generate a ramped-modal duty 
cycle as a sequence of second-by-second 
(1 Hz) reference speed and torque 
points. Run the ramped-modal duty 
cycle in the same manner as a tran-
sient cycle and use the 1 Hz reference 
speed and torque values to validate the 
cycle, even for cycles with % power. 
Proportionally sample emissions and 
other parameters during the cycle and 
use the calculations in subpart G of 
this part to calculate emissions. 

(d) Other subparts in this part iden-
tify how to select and prepare an en-
gine for testing (subpart E), how to 
perform the required engine service ac-
cumulation (subpart E), and how to 
calculate emission results (subpart G). 
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(e) Subpart J of this part describes 
how to perform field testing. 

[79 FR 23773, Apr. 28, 2014] 

§ 1065.510 Engine mapping. 
(a) Applicability, scope, and frequency. 

An engine map is a data set that con-
sists of a series of paired data points 
that represent the maximum brake 
torque versus engine speed, measured 
at the engine’s primary output shaft. 
Map your engine if the standard-set-
ting part requires engine mapping to 
generate a duty cycle for your engine 
configuration. Map your engine while 
it is connected to a dynamometer or 
other device that can absorb work out-
put from the engine’s primary output 
shaft according to § 1065.110. To estab-
lish speed and torque values for map-
ping, we generally recommend that you 
stabilize an engine for at least 15 sec-
onds at each setpoint and record the 
mean feedback speed and torque of the 
last (4 to 6) seconds. Configure any aux-
iliary work inputs and outputs such as 
hybrid, turbo-compounding, or thermo-
electric systems to represent their in- 
use configurations, and use the same 
configuration for emission testing. See 
Figure 1 of § 1065.210. This may involve 
configuring initial states of charge and 
rates and times of auxiliary-work in-
puts and outputs. We recommend that 
you contact the Designated Compli-
ance Officer before testing to deter-
mine how you should configure any 
auxiliary-work inputs and outputs. Use 
the most recent engine map to trans-
form a normalized duty cycle from the 
standard-setting part to a reference 
duty cycle specific to your engine. Nor-
malized duty cycles are specified in the 
standard-setting part. You may update 
an engine map at any time by repeat-
ing the engine-mapping procedure. You 
must map or re-map an engine before a 
test if any of the following apply: 

(1) If you have not performed an ini-
tial engine map. 

(2) If the atmospheric pressure near 
the engine’s air inlet is not within ±5 
kPa of the atmospheric pressure re-
corded at the time of the last engine 
map. 

(3) If the engine or emission-control 
system has undergone changes that 
might affect maximum torque perform-
ance. This includes changing the con-

figuration of auxiliary work inputs and 
outputs. 

(4) If you capture an incomplete map 
on your first attempt or you do not 
complete a map within the specified 
time tolerance. You may repeat map-
ping as often as necessary to capture a 
complete map within the specified 
time. 

(b) Mapping variable-speed engines. 
Map variable-speed engines as follows: 

(1) Record the atmospheric pressure. 
(2) Warm up the engine by operating 

it. We recommend operating the engine 
at any speed and at approximately 75% 
of its expected maximum power. Con-
tinue the warm-up until the engine 
coolant, block, or head absolute tem-
perature is within ±2% of its mean 
value for at least 2 min or until the en-
gine thermostat controls engine tem-
perature. 

(3) Operate the engine at its warm 
idle speed as follows: 

(i) For engines with a low-speed gov-
ernor, set the operator demand to min-
imum, use the dynamometer or other 
loading device to target a torque of 
zero on the engine’s primary output 
shaft, and allow the engine to govern 
the speed. Measure this warm idle 
speed; we recommend recording at 
least 30 values of speed and using the 
mean of those values. 

(ii) For engines without a low-speed 
governor, operate the engine at warm 
idle speed and zero torque on the en-
gine’s primary output shaft. You may 
use the dynamometer to target a 
torque of zero on the engine’s primary 
output shaft, and manipulate the oper-
ator demand to control the speed to 
target the manufacturer-declared value 
for the lowest engine speed possible 
with minimum load (also known as 
manufacturer-declared warm idle 
speed). You may alternatively use the 
dynamometer to target the manufac-
turer-declared warm idle speed and ma-
nipulate the operator demand to con-
trol the torque on the engine’s primary 
output shaft to zero. 

(iii) For variable-speed engines with 
or without a low-speed governor, if a 
nonzero idle torque is representative of 
in-use operation, you may use the dy-
namometer or operator demand to tar-
get the manufacturer-declared idle 
torque instead of targeting zero torque 
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as specified in paragraphs (b)(3)(i) and 
(ii) of this section. Control speed as 
specified in paragraph (b)(3)(i) or (ii) of 
this section, as applicable. If you use 
this option for engines with a low- 
speed governor to measure the warm 
idle speed with the manufacturer-de-
clared torque at this step, you may use 
this as the warm-idle speed for cycle 
generation as specified in paragraph 
(b)(6) of this section. However, if you 
identify multiple warm idle torques 
under paragraph (f)(4)(i) of this section, 
measure the warm idle speed at only 
one torque level for this paragraph 
(b)(3). 

(4) Set operator demand to maximum 
and control engine speed at (95 ±1) % of 
its warm idle speed determined above 
for at least 15 seconds. For engines 
with reference duty cycles whose low-
est speed is greater than warm idle 
speed, you may start the map at (95 ±1) 
% of the lowest reference speed. 

(5) Perform one of the following: 
(i) For any engine subject only to 

steady-state duty cycles, you may per-
form an engine map by using discrete 
speeds. Select at least 20 evenly spaced 
setpoints from 95% of warm idle speed 
to the highest speed above maximum 
power at which 50% of maximum power 
occurs. We refer to this 50% speed as 
the check point speed as described in 
paragraph (b)(5)(iii) of this section. At 
each setpoint, stabilize speed and allow 
torque to stabilize. Record the mean 
speed and torque at each setpoint. Use 
linear interpolation to determine in-
termediate speeds and torques. Use this 
series of speeds and torques to generate 
the power map as described in para-
graph (e) of this section. 

(ii) For any variable-speed engine, 
you may perform an engine map by 
using a continuous sweep of speed by 
continuing to record the mean feed-
back speed and torque at 1 Hz or more 
frequently and increasing speed at a 
constant rate such that it takes (4 to 6) 
min to sweep from 95% of warm idle 
speed to the check point speed as de-
scribed in paragraph (b)(5)(iii) of this 
section. Use good engineering judg-
ment to determine when to stop re-
cording data to ensure that the sweep 
is complete. In most cases, this means 
that you can stop the sweep at any 
point after the power falls to 50% of 

the maximum value. From the series of 
mean speed and maximum torque val-
ues, use linear interpolation to deter-
mine intermediate values. Use this se-
ries of speeds and torques to generate 
the power map as described in para-
graph (e) of this section. 

(iii) The check point speed of the 
map is the highest speed above max-
imum power at which 50% of maximum 
power occurs. If this speed is unsafe or 
unachievable (e.g., for ungoverned en-
gines or engines that do not operate at 
that point), use good engineering judg-
ment to map up to the maximum safe 
speed or maximum achievable speed. 
For discrete mapping, if the engine 
cannot be mapped to the check point 
speed, make sure the map includes at 
least 20 points from 95% of warm idle 
to the maximum mapped speed. For 
continuous mapping, if the engine can-
not be mapped to the check point 
speed, verify that the sweep time from 
95% of warm idle to the maximum 
mapped speed is (4 to 6) min. 

(iv) Note that under § 1065.10(c)(1) we 
may allow you to disregard portions of 
the map when selecting maximum test 
speed if the specified procedure would 
result in a duty cycle that does not 
represent in-use operation. 

(6) Use one of the following methods 
to determine warm high-idle speed for 
engines with a high-speed governor if 
they are subject to transient testing 
with a duty cycle that includes ref-
erence speed values above 100%: 

(i) You may use a manufacturer-de-
clared warm high-idle speed if the en-
gine is electronically governed. For en-
gines with a high-speed governor that 
shuts off torque output at a manufac-
turer-specified speed and reactivates at 
a lower manufacturer-specified speed 
(such as engines that use ignition cut- 
off for governing), declare the middle 
of the specified speed range as the 
warm high-idle speed. 

(ii) Measure the warm high-idle speed 
using the following procedure: 

(A) Set operator demand to max-
imum and use the dynamometer to tar-
get zero torque on the engine’s primary 
output shaft. If the mean feedback 
torque is within ±1% of Tmax mapped, you 
may use the observed mean feedback 
speed at that point as the measured 
warm high-idle speed. 
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(B) If the engine is unstable as a re-
sult of in-use production components 
(such as engines that use ignition cut- 
off for governing, as opposed to unsta-
ble dynamometer operation), you must 
use the mean feedback speed from 
paragraph (b)(6)(ii)(A) of this section as 
the measured warm high-idle speed. 
The engine is considered unstable if 
any of the 1 Hz speed feedback values 
are not within ±2% of the calculated 
mean feedback speed. We recommend 
that you determine the mean as the 
value representing the midpoint be-
tween the observed maximum and min-
imum recorded feedback speed. 

(C) If your dynamometer is not capa-
ble of achieving a mean feedback 
torque within ±1% of Tmax mapped, operate 
the engine at a second point with oper-
ator demand set to maximum with the 
dynamometer set to target a torque 
equal to the recorded mean feedback 
torque on the previous point plus 20% 
of Tmax mapped. Use this data point and 
the data point from paragraph 
(b)(6)(ii)(A) of this section to extrapo-
late the engine speed where torque is 
equal to zero. 

(D) You may use a manufacturer-de-
clared Tmax instead of the measured Tmax 
mapped. If you do this, or if you are able 
to determine mean feedback speed as 
described in paragraphs (b)(6)(ii)(A) and 
(B) of this section, you may measure 
the warm high-idle speed before run-
ning the speed sweep specified in para-
graph (b)(5) of this section. 

(7) For engines with a low-speed gov-
ernor, if a nonzero idle torque is rep-
resentative of in-use operation, operate 
the engine at warm idle with the man-
ufacturer-declared idle torque. Set the 
operator demand to minimum, use the 
dynamometer to target the declared 
idle torque, and allow the engine to 
govern the speed. Measure this speed 
and use it as the warm idle speed for 
cycle generation in § 1065.512. We rec-
ommend recording at least 30 values of 
speed and using the mean of those val-
ues. If you identify multiple warm idle 
torques under paragraph (f)(4)(i) of this 
section, measure the warm idle speed 
at each torque. You may map the idle 
governor at multiple load levels and 
use this map to determine the meas-
ured warm idle speed at the declared 
idle torque(s). 

(c) Negative torque mapping. If your 
engine is subject to a reference duty 
cycle that specifies negative torque 
values (i.e., engine motoring), generate 
a motoring torque curve by any of the 
following procedures: 

(1) Multiply the positive torques from 
your map by ¥40%. Use linear inter-
polation to determine intermediate 
values. 

(2) Map the amount of negative 
torque required to motor the engine by 
repeating paragraph (b) of this section 
with minimum operator demand. You 
may start the negative torque map at 
either the minimum or maximum 
speed from paragraph (b) of this sec-
tion. 

(3) Determine the amount of negative 
torque required to motor the engine at 
the following two points near the ends 
of the engine’s speed range. Operate 
the engine at these two points at min-
imum operator demand. Use linear in-
terpolation to determine intermediate 
values. 

(i) Low-speed point. For engines with-
out a low-speed governor, determine 
the amount of negative torque at warm 
idle speed. For engines with a low- 
speed governor, motor the engine above 
warm idle speed so the governor is in-
active and determine the amount of 
negative torque at that speed. 

(ii) High-speed point. For engines 
without a high-speed governor, deter-
mine the amount of negative torque at 
the maximum safe speed or the max-
imum representative speed. For en-
gines with a high-speed governor, de-
termine the amount of negative torque 
at a speed at or above nhi per 
§ 1065.610(c)(2). 

(4) For engines with an electric hy-
brid system, map the negative torque 
required to motor the engine and ab-
sorb any power delivered from the 
RESS by repeating paragraph (g)(2) of 
this section with minimum operator 
demand, stopping the sweep to dis-
charge the RESS when the absolute in-
stantaneous power measured from the 
RESS drops below the expected max-
imum absolute power from the RESS 
by more than 2% of total system max-
imum power (including engine motor-
ing and RESS power) as determined 
from mapping the negative torque. 
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(d) Mapping constant-speed engines. 
For constant-speed engines, generate a 
map as follows: 

(1) Record the atmospheric pressure. 
(2) Warm up the engine by operating 

it. We recommend operating the engine 
at approximately 75% of the engine’s 
expected maximum power. Continue 
the warm-up until the engine coolant, 
block, or head absolute temperature is 
within ±2% of its mean value for at 
least 2 min or until the engine thermo-
stat controls engine temperature. 

(3) You may operate the engine with 
a production constant-speed governor 
or simulate a constant-speed governor 
by controlling engine speed with an op-
erator demand control system de-
scribed in § 1065.110. Use either 
isochronous or speed-droop governor 
operation, as appropriate. 

(4) With the governor or simulated 
governor controlling speed using oper-
ator demand, operate the engine at no- 
load governed speed (at high speed, not 
low idle) for at least 15 seconds. 

(5) Record at 1 Hz the mean of feed-
back speed and torque. Use the dyna-
mometer to increase torque at a con-
stant rate. Unless the standard-setting 
part specifies otherwise, complete the 
map such that it takes (2 to 4) min to 
sweep from no-load governed speed to 
the speed below maximum mapped 
power at which the engine develops 
90% of maximum mapped power. You 
may map your engine to lower speeds. 
Stop recording after you complete the 
sweep. Use this series of speeds and 
torques to generate the power map as 
described in paragraph (e) of this sec-
tion. 

(i) For constant-speed engines sub-
ject only to steady-state testing, you 
may perform an engine map by using a 
series of discrete torques. Select at 
least five evenly spaced torque set-
points from no-load to 80% of the man-
ufacturer-declared test torque or to a 
torque derived from your published 
maximum power level if the declared 
test torque is unavailable. Starting at 
the 80% torque point, select setpoints 
in 2.5% or smaller intervals, stopping 
at the endpoint torque. The endpoint 
torque is defined as the first discrete 
mapped torque value greater than the 
torque at maximum observed power 
where the engine outputs 90% of the 

maximum observed power; or the 
torque when engine stall has been de-
termined using good engineering judg-
ment (i.e. sudden deceleration of engine 
speed while adding torque). You may 
continue mapping at higher torque set-
points. At each setpoint, allow torque 
and speed to stabilize. Record the mean 
feedback speed and torque at each set-
point. From this series of mean feed-
back speed and torque values, use lin-
ear interpolation to determine inter-
mediate values. Use this series of mean 
feedback speeds and torques to gen-
erate the power map as described in 
paragraph (e) of this section. 

(ii) For any constant-speed engine, 
you may perform an engine map with a 
continuous torque sweep by continuing 
to record the mean feedback speed and 
torque at 1 Hz or more frequently. Use 
the dynamometer to increase torque. 
Increase the reference torque at a con-
stant rate from no-load to the endpoint 
torque as defined in paragraph (d)(5)(i) 
of this section. You may continue map-
ping at higher torque setpoints. Unless 
the standard-setting part specifies oth-
erwise, target a torque sweep rate 
equal to the manufacturer-declared 
test torque (or a torque derived from 
your published power level if the de-
clared test torque is not known) di-
vided by 180 seconds. Stop recording 
after you complete the sweep. Verify 
that the average torque sweep rate 
over the entire map is within ±7% of 
the target torque sweep rate. Use lin-
ear interpolation to determine inter-
mediate values from this series of 
mean feedback speed and torque val-
ues. Use this series of mean feedback 
speeds and torques to generate the 
power map as described in paragraph 
(e) of this section. 

(iii) For any isochronous governed 
(0% speed droop) constant-speed en-
gine, you may map the engine with two 
points as described in this paragraph 
(d)(5)(iii). After stabilizing at the no- 
load governed speed in paragraph (d)(4) 
of this section, record the mean feed-
back speed and torque. Continue to op-
erate the engine with the governor or 
simulated governor controlling engine 
speed using operator demand, and con-
trol the dynamometer to target a speed 
of 99.5% of the recorded mean no-load 
governed speed. Allow speed and torque 
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to stabilize. Record the mean feedback 
speed and torque. Record the target 
speed. The absolute value of the speed 
error (the mean feedback speed minus 
the target speed) must be no greater 
than 0.1% of the recorded mean no-load 
governed speed. From this series of two 
mean feedback speed and torque val-
ues, use linear interpolation to deter-
mine intermediate values. Use this se-
ries of two mean feedback speeds and 
torques to generate a power map as de-
scribed in paragraph (e) of this section. 
Note that the measured maximum test 
torque as determined in § 1065.610 (b)(1) 
will be the mean feedback torque re-
corded on the second point. 

(e) Power mapping. For all engines, 
create a power-versus-speed map by 
transforming torque and speed values 
to corresponding power values. Use the 
mean values from the recorded map 
data. Do not use any interpolated val-
ues. Multiply each torque by its cor-
responding speed and apply the appro-
priate conversion factors to arrive at 
units of power (kW). Interpolate inter-
mediate power values between these 
power values, which were calculated 
from the recorded map data. 

(f) Measured and declared test speeds 
and torques. You must select test 
speeds and torques for cycle generation 
as required in this paragraph (f). 
‘‘Measured’’ values are either directly 
measured during the engine mapping 
process or they are determined from 
the engine map. ‘‘Declared’’ values are 
specified by the manufacturer. When 
both measured and declared values are 
available, you may use declared test 
speeds and torques instead of measured 
speeds and torques if they meet the cri-
teria in this paragraph (f). Otherwise, 
you must use measured speeds and 
torques derived from the engine map. 

(1) Measured speeds and torques. De-
termine the applicable speeds and 
torques for the duty cycles you will 
run: 

(i) Measured maximum test speed for 
variable-speed engines according to 
§ 1065.610. 

(ii) Measured maximum test torque 
for constant-speed engines according to 
§ 1065.610. 

(iii) Measured ‘‘A’’, ‘‘B’’, and ‘‘C’’ 
speeds for variable-speed engines ac-
cording to § 1065.610. 

(iv) Measured intermediate speed for 
variable-speed engines according to 
§ 1065.610. 

(v) For variable-speed engines with a 
low-speed governor, measure warm idle 
speed according to § 1065.510(b) and use 
this speed for cycle generation in 
§ 1065.512. For engines with no low- 
speed governor, instead use the manu-
facturer-declared warm idle speed. 

(2) Required declared speeds. You must 
declare the lowest engine speed pos-
sible with minimum load (i.e., manu-
facturer-declared warm idle speed). 
This is applicable only to variable- 
speed engines with no low-speed gov-
ernor. For engines with no low-speed 
governor, the declared warm idle speed 
is used for cycle generation in 
§ 1065.512. Declare this speed in a way 
that is representative of in-use oper-
ation. For example, if your engine is 
typically connected to an automatic 
transmission or a hydrostatic trans-
mission, declare this speed at the idle 
speed at which your engine operates 
when the transmission is engaged. 

(3) Optional declared speeds. You may 
use declared speeds instead of meas-
ured speeds as follows: 

(i) You may use a declared value for 
maximum test speed for variable-speed 
engines if it is within (97.5 to 102.5) % 
of the corresponding measured value. 
You may use a higher declared speed if 
the length of the ‘‘vector’’ at the de-
clared speed is within 2% of the length 
of the ‘‘vector’’ at the measured value. 
The term vector refers to the square 
root of the sum of normalized engine 
speed squared and the normalized full- 
load power (at that speed) squared, 
consistent with the calculations in 
§ 1065.610. 

(ii) You may use a declared value for 
intermediate, ‘‘A’’, ‘‘B’’, or ‘‘C’’ speeds 
for steady-state tests if the declared 
value is within (97.5 to 102.5)% of the 
corresponding measured value. 

(iii) For electronically governed en-
gines, you may use a declared warm 
high-idle speed for calculating the al-
ternate maximum test speed as speci-
fied in § 1065.610. 

(4) Required declared torques. If a 
nonzero idle or minimum torque is rep-
resentative of in-use operation, you 
must declare the appropriate torque as 
follows: 
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(i) For variable-speed engines, de-
clare a warm idle torque that is rep-
resentative of in-use operation. For ex-
ample, if your engine is typically con-
nected to an automatic transmission or 
a hydrostatic transmission, declare the 
torque that occurs at the idle speed at 
which your engine operates when the 
transmission is engaged. Use this value 
for cycle generation. You may use mul-
tiple warm idle torques and associated 
idle speeds in cycle generation for rep-
resentative testing. For example, for 
cycles that start the engine and begin 
with idle, you may start a cycle in idle 
with the transmission in neutral with 
zero torque and later switch to a dif-
ferent idle with the transmission in 
drive with the Curb-Idle Transmission 
Torque (CITT). For variable-speed en-
gines intended primarily for propulsion 
of a vehicle with an automatic trans-
mission where that engine is subject to 
a transient duty cycle with idle oper-
ation, you must declare a CITT. You 
must specify a CITT based on typical 
applications at the mean of the range 
of idle speeds you specify at stabilized 
temperature conditions. 

(ii) For constant-speed engines, de-
clare a warm minimum torque that is 
representative of in-use operation. For 
example, if your engine is typically 
connected to a machine that does not 
operate below a certain minimum 
torque, declare this torque and use it 
for cycle generation. 

(5) Optional declared torques. (i) For 
variable-speed engines you may declare 
a maximum torque over the engine op-
erating range. You may use the de-
clared value for measuring warm high- 
idle speed as specified in this section. 

(ii) For constant-speed engines you 
may declare a maximum test torque. 
You may use the declared value for 
cycle generation if it is within (95 to 
100) % of the measured value. 

(g) Mapping variable-speed engines 
with an electric hybrid system. Map vari-
able-speed engines that include electric 
hybrid systems as described in this 
paragraph (g). You may ask to apply 
these provisions to other types of hy-
brid engines, consistent with good en-
gineering judgment. However, do not 
use this procedure for engines used in 
hybrid vehicles where the hybrid sys-
tem is certified as part of the vehicle 

rather than the engine. Follow the 
steps for mapping a variable-speed en-
gine as given in paragraph (b)(5) of this 
section except as noted in this para-
graph (g). You must generate one en-
gine map with the hybrid system inac-
tive as described in paragraph (g)(1) of 
this section, and a separate map with 
the hybrid system active as described 
in paragraph (g)(2) of this section. See 
the standard-setting part to determine 
how to use these maps. The map with 
the system inactive is typically used to 
generate steady-state duty cycles, but 
may also be used to generate transient 
cycles, such as those that do not in-
volve engine motoring. This hybrid-in-
active map is also used for generating 
the hybrid-active map. The hybrid-ac-
tive map is typically used to generate 
transient duty cycles that involve en-
gine motoring. 

(1) Prepare the engine for mapping by 
either deactivating the hybrid system 
or by operating the engine as specified 
in paragraph (b)(4) of this section and 
remaining at this condition until the 
rechargeable energy storage system 
(RESS) is depleted. Once the hybrid 
has been disabled or the RESS is de-
pleted, perform an engine map as speci-
fied in paragraph (b)(5) of this section. 
If the RESS was depleted instead of de-
activated, ensure that instantaneous 
power from the RESS remains less 
than 2% of the instantaneous measured 
power from the engine (or engine-hy-
brid system) at all engine speeds. 

(2) The purpose of the mapping proce-
dure in this paragraph (g) is to deter-
mine the maximum torque available at 
each speed, such as what might occur 
during transient operation with a fully 
charged RESS. Use one of the following 
methods to generate a hybrid-active 
map: 

(i) Perform an engine map by using a 
series of continuous sweeps to cover 
the engine’s full range of operating 
speeds. Prepare the engine for hybrid- 
active mapping by ensuring that the 
RESS state of charge is representative 
of normal operation. Perform the 
sweep as specified in paragraph 
(b)(5)(ii) of this section, but stop the 
sweep to charge the RESS when the 
power measured from the RESS drops 
below the expected maximum power 
from the RESS by more than 2% of 
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total system power (including engine 
and RESS power). Unless good engi-
neering judgment indicates otherwise, 
assume that the expected maximum 
power from the RESS is equal to the 
measured RESS power at the start of 
the sweep segment. For example, if the 
3-second rolling average of total en-
gine-RESS power is 200 kW and the 
power from the RESS at the beginning 
of the sweep segment is 50 kW, once the 
power from the RESS reaches 46 kW, 
stop the sweep to charge the RESS. 
Note that this assumption is not valid 
where the hybrid motor is torque-lim-
ited. Calculate total system power as a 
3-second rolling average of instanta-
neous total system power. After each 
charging event, stabilize the engine for 
15 seconds at the speed at which you 
ended the previous segment with oper-
ator demand set to maximum before 
continuing the sweep from that speed. 
Repeat the cycle of charging, mapping, 
and recharging until you have com-
pleted the engine map. You may shut 
down the system or include other oper-
ation between segments to be con-
sistent with the intent of this para-
graph (g)(2)(i). For example, for sys-
tems in which continuous charging and 
discharging can overheat batteries to 
an extent that affects performance, 
you may operate the engine at zero 
power from the RESS for enough time 
after the system is recharged to allow 
the batteries to cool. Use good engi-
neering judgment to smooth the torque 
curve to eliminate discontinuities be-
tween map intervals. 

(ii) Perform an engine map by using 
discrete speeds. Select map setpoints 
at intervals defined by the ranges of 
engine speed being mapped. From 95% 
of warm idle speed to 90% of the ex-
pected maximum test speed, select set-
points that result in a minimum of 13 
equally spaced speed setpoints. From 
90% to 110% of expected maximum test 
speed, select setpoints in equally 
spaced intervals that are nominally 2% 
of expected maximum test speed. 
Above 110% of expected maximum test 
speed, select setpoints based on the 
same speed intervals used for mapping 
from 95% warm idle speed to 90% max-
imum test speed. You may stop map-
ping at the highest speed above max-
imum power at which 50% of maximum 

power occurs. We refer to the speed at 
50% power as the check point speed as 
described in paragraph (b)(5)(iii) of this 
section. Stabilize engine speed at each 
setpoint, targeting a torque value at 
70% of peak torque at that speed with-
out hybrid-assist. Make sure the engine 
is fully warmed up and the RESS state 
of charge is within the normal oper-
ating range. Snap the operator demand 
to maximum, operate the engine there 
for at least 10 seconds, and record the 
3-second rolling average feedback speed 
and torque at 1 Hz or higher. Record 
the peak 3-second average torque and 3- 
second average speed at that point. Use 
linear interpolation to determine in-
termediate speeds and torques. Follow 
§ 1065.610(a) to calculate the maximum 
test speed. Verify that the measured 
maximum test speed falls in the range 
from 92 to 108% of the estimated max-
imum test speed. If the measured max-
imum test speed does not fall in this 
range, rerun the map using the meas-
ured value of maximum test speed. 

(h) Other mapping procedures. You 
may use other mapping procedures if 
you believe the procedures specified in 
this section are unsafe or unrepre-
sentative for your engine. Any alter-
nate techniques you use must satisfy 
the intent of the specified mapping 
procedures, which is to determine the 
maximum available torque at all en-
gine speeds that occur during a duty 
cycle. Identify any deviations from this 
section’s mapping procedures when you 
submit data to us. 

[73 FR 37315, June 30, 2008, as amended at 73 
FR 59330, Oct. 8, 2008; 75 FR 23042, Apr. 30, 
2010; 76 FR 57448, Sept. 15, 2011; 79 FR 23773, 
Apr. 28, 2014; 81 FR 74169, Oct. 25, 2016] 

§ 1065.512 Duty cycle generation. 

(a) Generate duty cycles according to 
this section if the standard-setting 
part requires engine mapping to gen-
erate a duty cycle for your engine con-
figuration. The standard-setting part 
generally defines applicable duty cy-
cles in a normalized format. A normal-
ized duty cycle consists of a sequence 
of paired values for speed and torque or 
for speed and power. 

(b) Transform normalized values of 
speed, torque, and power using the fol-
lowing conventions: 
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(1) Engine speed for variable-speed en-
gines. For variable-speed engines, nor-
malized speed may be expressed as a 
percentage between warm idle speed, 
fnidle, and maximum test speed, fntest, or 
speed may be expressed by referring to 
a defined speed by name, such as 
‘‘warm idle,’’ ‘‘intermediate speed,’’ or 
‘‘A,’’ ‘‘B,’’ or ‘‘C’’ speed. Section 
1065.610 describes how to transform 
these normalized values into a se-
quence of reference speeds, fnref. Run-
ning duty cycles with negative or small 
normalized speed values near warm 
idle speed may cause low-speed idle 
governors to activate and the engine 
torque to exceed the reference torque 
even though the operator demand is at 
a minimum. In such cases, we rec-
ommend controlling the dynamometer 
so it gives priority to follow the ref-
erence torque instead of the reference 
speed and let the engine govern the 
speed. Note that the cycle-validation 
criteria in § 1065.514 allow an engine to 
govern itself. This allowance permits 
you to test engines with enhanced-idle 
devices and to simulate the effects of 
transmissions such as automatic trans-
missions. For example, an enhanced- 
idle device might be an idle speed value 
that is normally commanded only 
under cold-start conditions to quickly 
warm up the engine and aftertreatment 
devices. In this case, negative and very 
low normalized speeds will generate 
reference speeds below this higher en-
hanced idle speed and we recommend 
controlling the dynamometer so it 
gives priority to follow the reference 
torque, controlling the operator de-
mand so it gives priority to follow ref-
erence speed and let the engine govern 
the speed when the operator demand is 
at minimum. 

(2) Engine torque for variable-speed en-
gines. For variable-speed engines, nor-
malized torque is expressed as a per-
centage of the mapped torque at the 
corresponding reference speed. Section 
1065.610 describes how to transform nor-
malized torques into a sequence of ref-
erence torques, Tref. Section 1065.610 
also describes special requirements for 
modifying transient duty cycles for 
variable-speed engines intended pri-
marily for propulsion of a vehicle with 
an automatic transmission. Section 
1065.610 also describes under what con-

ditions you may command Tref greater 
than the reference torque you cal-
culated from a normalized duty cycle. 
This provision permits you to com-
mand Tref values that are limited by a 
declared minimum torque. For any 
negative torque commands, command 
minimum operator demand and use the 
dynamometer to control engine speed 
to the reference speed, but if reference 
speed is so low that the idle governor 
activates, we recommend using the dy-
namometer to control torque to zero, 
CITT, or a declared minimum torque as 
appropriate. Note that you may omit 
power and torque points during motor-
ing from the cycle-validation criteria 
in § 1065.514. Also, use the maximum 
mapped torque at the minimum 
mapped speed as the maximum torque 
for any reference speed at or below the 
minimum mapped speed. 

(3) Engine torque for constant-speed en-
gines. For constant-speed engines, nor-
malized torque is expressed as a per-
centage of maximum test torque, Ttest. 
Section 1065.610 describes how to trans-
form normalized torques into a se-
quence of reference torques, Tref. Sec-
tion 1065.610 also describes under what 
conditions you may command Tref 
greater than the reference torque you 
calculated from the normalized duty 
cycle. This provision permits you to 
command Tref values that are limited 
by a declared minimum torque. 

(4) Engine power. For all engines, nor-
malized power is expressed as a per-
centage of mapped power at maximum 
test speed, fntest, unless otherwise speci-
fied by the standard-setting part. Sec-
tion 1065.610 describes how to trans-
form these normalized values into a se-
quence of reference powers, Pref. Con-
vert these reference powers to cor-
responding torques for operator de-
mand and dynamometer control. Use 
the reference speed associated with 
each reference power point for this con-
version. As with cycles specified with 
% torque, issue torque commands more 
frequently and linearly interpolate be-
tween these reference torque values 
generated from cycles with % power. 

(5) Ramped-modal cycles. For ramped- 
modal cycles, generate reference speed 
and torque values at 1 Hz and use this 
sequence of points to run the cycle and 
validate it in the same manner as with 
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a transient cycle. During the transi-
tion between modes, linearly ramp the 
denormalized reference speed and 
torque values between modes to gen-
erate reference points at 1 Hz. Do not 
linearly ramp the normalized reference 
torque values between modes and then 
denormalize them. Do not linearly 
ramp normalized or denormalized ref-
erence power points. These cases will 
produce nonlinear torque ramps in the 
denormalized reference torques. If the 
speed and torque ramp runs through a 
point above the engine’s torque curve, 
continue to command the reference 
torques and allow the operator demand 
to go to maximum. Note that you may 
omit power and either torque or speed 
points from the cycle-validation cri-
teria under these conditions as speci-
fied in § 1065.514. 

(c) For variable-speed engines, com-
mand reference speeds and torques se-
quentially to perform a duty cycle. 
Issue speed and torque commands at a 
frequency of at least 5 Hz for transient 
cycles and at least 1 Hz for steady- 
state cycles (i.e., discrete-mode and 
ramped-modal). Linearly interpolate 
between the 1 Hz reference values spec-
ified in the standard-setting part to de-
termine more frequently issued ref-
erence speeds and torques. During an 
emission test, record the feedback 
speeds and torques at a frequency of at 
least 5 Hz for transient cycles and at 
least 1 Hz for steady-state cycles. For 
transient cycles, you may record the 
feedback speeds and torques at lower 
frequencies (as low as 1 Hz) if you 
record the average value over the time 
interval between recorded values. Cal-
culate the average values based on 
feedback values updated at a frequency 
of at least 5 Hz. Use these recorded val-
ues to calculate cycle-validation sta-
tistics and total work. 

(d) For constant-speed engines, oper-
ate the engine with the same produc-
tion governor you used to map the en-
gine in § 1065.510 or simulate the in-use 
operation of a governor the same way 
you simulated it to map the engine in 
§ 1065.510. Command reference torque 
values sequentially to perform a duty 
cycle. Issue torque commands at a fre-
quency of at least 5 Hz for transient cy-
cles and at least 1 Hz for steady-state 
cycles (i.e., discrete-mode, ramped- 

modal). Linearly interpolate between 
the 1 Hz reference values specified in 
the standard-setting part to determine 
more frequently issued reference 
torque values. During an emission test, 
record the feedback speeds and torques 
at a frequency of at least 5 Hz for tran-
sient cycles and at least 1 Hz for 
steady-state cycles. For transient cy-
cles, you may record the feedback 
speeds and torques at lower frequencies 
(as low as 1 Hz) if you record the aver-
age value over the time interval be-
tween recorded values. Calculate the 
average values based on feedback val-
ues updated at a frequency of at least 
5 Hz. Use these recorded values to cal-
culate cycle-validation statistics and 
total work. 

(e) You may perform practice duty 
cycles with the test engine to optimize 
operator demand and dynamometer 
controls to meet the cycle-validation 
criteria specified in § 1065.514. 

[73 FR 37317, June 30, 2008, as amended at 79 
FR 23774, Apr. 28, 2014] 

§ 1065.514 Cycle-validation criteria for 
operation over specified duty cy-
cles. 

Validate the execution of your duty 
cycle according to this section unless 
the standard-setting part specifies oth-
erwise. This section describes how to 
determine if the engine’s operation 
during the test adequately matched the 
reference duty cycle. This section ap-
plies only to speed, torque, and power 
from the engine’s primary output 
shaft. Other work inputs and outputs 
are not subject to cycle-validation cri-
teria. You must compare the original 
reference duty cycle points generated 
as described in § 1065.512 to the cor-
responding feedback values recorded 
during the test. You may compare ref-
erence duty cycle points recorded dur-
ing the test to the corresponding feed-
back values recorded during the test as 
long as the recorded reference values 
match the original points generated in 
§ 1065.512. The number of points in the 
validation regression are based on the 
number of points in the original ref-
erence duty cycle generated in 
§ 1065.512. For example if the original 
cycle has 1199 reference points at 1 Hz, 
then the regression will have up to 1199 
pairs of reference and feedback values 
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at the corresponding moments in the 
test. The feedback speed and torque 
signals may be filtered—either in real- 
time while the test is run or afterward 
in the analysis program. Any filtering 
that is used on the feedback signals 
used for cycle validation must also be 
used for calculating work. Feedback 
signals for control loops may use dif-
ferent filtering. 

(a) Testing performed by EPA. Our 
tests must meet the specifications of 
paragraph (f) of this section, unless we 
determine that failing to meet the 
specifications is related to engine per-
formance rather than to shortcomings 
of the dynamometer or other labora-
tory equipment. 

(b) Testing performed by manufacturers. 
Emission tests that meet the specifica-
tions of paragraph (f) of this section 
satisfy the standard-setting part’s re-
quirements for duty cycles. You may 
ask to use a dynamometer or other lab-
oratory equipment that cannot meet 

those specifications. We will approve 
your request as long as using the alter-
nate equipment does not adversely af-
fect your ability to show compliance 
with the applicable emission standards. 

(c) Time-alignment. Because time lag 
between feedback values and the ref-
erence values may bias cycle-valida-
tion results, you may advance or delay 
the entire sequence of feedback engine 
speed and torque pairs to synchronize 
them with the reference sequence. If 
you advance or delay feedback signals 
for cycle validation, you must make 
the same adjustment for calculating 
work. You may use linear interpolation 
between successive recorded feedback 
signals to time shift an amount that is 
a fraction of the recording period. 

(d) Omitting additional points. Besides 
engine cranking, you may omit addi-
tional points from cycle-validation sta-
tistics as described in the following 
table: 

TABLE 1 OF § 1065.514—PERMISSIBLE CRITERIA FOR OMITTING POINTS FROM DUTY-CYCLE 
REGRESSION STATISTICS 

When operator demand is 
at its . . . you may omit . . . if . . . 

For reference duty cycles that are specified in terms of speed and torque (fnref, Tref) 

minimum .......................... power and torque .......... Tref <0% (motoring). 
minimum .......................... power and speed .......... fnref = 0% (idle speed) and Tref = 0% (idle torque) and Tref ¥ (2% · Tmax 

mapped) <T <Tref + (2% · Tmax mapped). 
minimum .......................... power and either torque 

or speed.
fn >fnref or T >Tref but not if fn >(fnref · 102%) and T >Tref ± (2% · Tmax 

mapped). 
maximum ......................... power and either torque 

or speed.
fn <fnref or T <Tref but not if fn <(fnref · 98%) and T <Tref

¥

(2% · Tmax 
mapped). 

For reference duty cycles that are specified in terms of speed and power (fnref, Pref) 

minimum .......................... power and torque .......... Pref <0% (motoring). 
minimum .......................... power and speed .......... fnref = 0% (idle speed) and Pref = 0% (idle power) and Pref ¥ (2% · Pmax 

mapped) <P <Pref + (2% · Pmax mapped). 
minimum .......................... power and either torque 

or speed.
fn >fnref or P >Pref but not if fn >(fnref · 102%) and P >Pref + (2% · Pmax 

mapped). 
maximum ......................... power and either torque 

or speed.
fn <fnref or P <Pref but not if fn <(fnref · 98%) and P <Pref ¥ (2% · Pmax 

mapped). 

(e) Statistical parameters. Use the re-
maining points to calculate regression 
statistics described in § 1065.602. Round 
calculated regression statistics to the 
same number of significant digits as 
the criteria to which they are com-
pared. Refer to Table 2 of § 1065.514 for 
the default criteria and refer to the 
standard-setting part to determine if 
there are other criteria for your en-

gine. Calculate the following regres-
sion statistics: 

(1) Slopes for feedback speed, a1fn, 
feedback torque, a1T, and feedback 
power a1P. 

(2) Intercepts for feedback speed, a0fn, 
feedback torque, a0T, and feedback 
power a0P. 

(3) Standard estimates of error for 
feedback speed, SEEfn, feedback torque, 
SEET, and feedback power SEEP. 
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(4) Coefficients of determination for 
feedback speed, r2

fn, feedback torque, 
r2

T, and feedback power r2
P. 

(f) Cycle-validation criteria. Unless the 
standard-setting part specifies other-
wise, use the following criteria to vali-
date a duty cycle: 

(1) For variable-speed engines, apply 
all the statistical criteria in Table 2 of 
this section. 

(2) For constant-speed engines, apply 
only the statistical criteria for torque 
in Table 2 of this section. 

(3) For discrete-mode steady-state 
testing, apply cycle-validation criteria 
by treating the sampling periods from 
the series of test modes as a contin-
uous sampling period, analogous to 
ramped-modal testing and apply statis-
tical criteria as described in paragraph 
(f)(1) or (f)(2) of this section. Note that 
if the gaseous and particulate test in-
tervals are different periods of time, 
separate validations are required for 
the gaseous and particulate test inter-
vals. Table 2 follows: 

TABLE 2 OF § 1065.514—DEFAULT STATISTICAL CRITERIA FOR VALIDATING DUTY CYCLES 

Parameter Speed Torque Power 

Slope, a1 .................................. 0.950 ≤a1 ≤1.030 ................... 0.830 ≤a1 ≤1.030 ................... 0.830 ≤a1 ≤1.030. 
Absolute value of intercept, |a0| ≤10% of warm idle ................. ≤2% of maximum mapped 

torque.
≤2% of maximum mapped 

power. 
Standard error of estimate, 

SEE.
≤5% of maximum test speed ≤10% of maximum mapped 

torque.
≤10% of maximum mapped 

power. 
Coefficient of determination, r2 ≥0.970 .................................... ≥0.850 .................................... ≥0.910. 

[73 FR 37318, June 30, 2008, as amended at 73 FR 59330, Oct. 8, 2008; 75 FR 23042, Apr. 30, 2010; 
76 FR 57450, Sept. 15, 2011] 

§ 1065.516 Sample system decon-
tamination and preconditioning. 

This section describes how to manage 
the impact of sampling system con-
tamination on emission measurements. 
Use good engineering judgment to de-
termine if you should decontaminate 
and precondition your sampling sys-
tem. Contamination occurs when a reg-
ulated pollutant accumulates in the 
sample system in a high enough con-
centration to cause release during 
emission tests. Hydrocarbons and PM 
are generally the only regulated pollut-
ants that contaminate sample systems. 
Note that although this section focuses 
on avoiding excessive contamination of 
sampling systems, you must also use 
good engineering judgment to avoid 
loss of sample to a sampling system 
that is too clean. The goal of decon-
tamination is not to perfectly clean 
the sampling system, but rather to 
achieve equilibrium between the sam-
pling system and the exhaust so emis-
sion components are neither lost to nor 
entrained from the sampling system. 

(a) You may perform contamination 
checks as follows to determine if de-
contamination is needed: 

(1) For dilute exhaust sampling sys-
tems, measure hydrocarbon and PM 

emissions by sampling with the CVS 
dilution air turned on, without an en-
gine connected to it. 

(2) For raw analyzers and systems 
that collect PM samples from raw ex-
haust, measure hydrocarbon and PM 
emissions by sampling purified air or 
nitrogen. 

(3) When calculating zero emission 
levels, apply all applicable corrections, 
including initial THC contamination 
and diluted (CVS) exhaust background 
corrections. 

(4) Sampling systems are considered 
contaminated if either of the following 
conditions applies: 

(i) The hydrocarbon emission level 
exceeds 2% of the flow-weighted mean 
concentration expected at the HC 
standard. 

(ii) The PM emission level exceeds 
5% of the level expected at the stand-
ard and exceeds 20 μg on a 47 mm PTFE 
membrane filter. 

(b) To precondition or decontaminate 
sampling systems, use the following 
recommended procedure or select a dif-
ferent procedure using good engineer-
ing judgment: 

(1) Start the engine and use good en-
gineering judgment to operate it at a 
condition that generates high exhaust 
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temperatures at the sample probe 
inlet. 

(2) Operate any dilution systems at 
their expected flow rates. Prevent 
aqueous condensation in the dilution 
systems. 

(3) Operate any PM sampling systems 
at their expected flow rates. 

(4) Sample PM for at least 10 min 
using any sample media. You may 
change sample media at any time dur-
ing this process and you may discard 
them without weighing them. 

(5) You may purge any gaseous sam-
pling systems that do not require de-
contamination during this procedure. 

(6) You may conduct calibrations or 
verifications on any idle equipment or 
analyzers during this procedure. 

(c) If your sampling system is still 
contaminated following the procedures 
specified in paragraph (b) of this sec-
tion, you may use more aggressive pro-
cedures to decontaminate the sampling 
system, as long as the decontamination 
does not cause the sampling system to 
be cleaner than an equilibrium condi-
tion such that artificially low emission 
measurements may result. 

[79 FR 23774, Apr. 28, 2014] 

§ 1065.518 Engine preconditioning. 
(a) This section applies for engines 

where measured emissions are affected 
by prior operation, such as with a die-
sel engine that relies on urea-based se-
lective catalytic reduction. Note that 
§ 1065.520(e) allows you to run practice 
duty cycles before the emission test; 
this section recommends how to do this 
for the purpose of preconditioning the 
engine. Follow the standard-setting 
part if it specifies a different engine 
preconditioning procedure. 

(b) The intent of engine precondi-
tioning is to manage the representa-
tiveness of emissions and emission con-
trols over the duty cycle and to reduce 
bias. 

(c) This paragraph (c) specifies the 
engine preconditioning procedures for 
different types of duty cycles. You 
must identify the amount of precondi-
tioning before starting to precondition. 
You must run the predefined amount of 
preconditioning. You may measure 
emissions during preconditioning. You 
may not abort an emission test se-
quence based on emissions measured 

during preconditioning. For confirm-
atory testing, you may ask us to run 
more preconditioning cycles than we 
specify in this paragraph (c); we will 
agree to this only if you show that ad-
ditional preconditioning cycles are re-
quired to meet the intent of paragraph 
(b) of this section, for example, due to 
the effect of DPF regeneration on NH3 
storage in the SCR catalyst. Perform 
preconditioning as follows, noting that 
the specific cycles for preconditioning 
are the same ones that apply for emis-
sion testing: 

(1) Cold-start transient cycle. Pre-
condition the engine by running at 
least one hot-start transient cycle. We 
will precondition your engine by run-
ning two hot-start transient cycles. 
Immediately after completing each 
preconditioning cycle, shut down the 
engine and complete the engine-off 
soak period. Immediately after com-
pleting the last preconditioning cycle, 
shut down the engine and begin the 
cold soak as described in § 1065.530(a)(1). 

(2) Hot-start transient cycle. Pre-
condition the engine by running at 
least one hot-start transient cycle. We 
will precondition your engine by run-
ning two hot-start transient cycles. 
Immediately after completing each 
preconditioning cycle, shut down the 
engine, then start the next cycle (in-
cluding the emission test) as soon as 
practical. For any repeat cycles, start 
the next cycle within 60 seconds after 
completing the last preconditioning 
cycle (this is optional for manufacturer 
testing). 

(3) Hot-running transient cycle. Pre-
condition the engine by running at 
least one hot-running transient cycle. 
We will precondition your engine by 
running two hot-running transient cy-
cles. Do not shut down the engine be-
tween cycles. Immediately after com-
pleting each preconditioning cycle, 
start the next cycle (including the 
emission test) as soon as practical. For 
any repeat cycles, start the next cycle 
within 60 seconds after completing the 
last preconditioning cycle (this is op-
tional for manufacturer testing). See 
§ 1065.530(a)(1)(iii) for additional in-
structions if the cycle begins and ends 
under different operating conditions. 

(4) Discrete-mode cycle for steady-state 
testing. Precondition the engine at the 
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same operating condition as the next 
test mode, unless the standard-setting 
part specifies otherwise. We will pre-
condition your engine by running it for 
at least five minutes before sampling. 

(5) Ramped-modal cycle for steady-state 
testing. Precondition the engine by run-
ning at least the second half of the 
ramped-modal cycle, based on the num-
ber of test modes. For example, for the 
five-mode cycle specified in 40 CFR 
1039.505(b)(1), the second half of the 
cycle consists of modes three through 
five. We will precondition your engine 
by running one complete ramped- 
modal cycle. Do not shut down the en-
gine between cycles. Immediately after 
completing each preconditioning cycle, 
start the next cycle (including the 
emission test) as soon as practical. For 
any repeat cycles, start the next cycle 
within 60 seconds after completing the 
last preconditioning cycle. See 
§ 1065.530(a)(1)(iii) for additional in-
structions if the cycle begins and ends 
under different operating conditions. 

(d) You may conduct calibrations or 
verifications on any idle equipment or 
analyzers during engine precondi-
tioning. 

[79 FR 23774, Apr. 28, 2014] 

§ 1065.520 Pre-test verification proce-
dures and pre-test data collection. 

(a) For tests in which you measure 
PM emissions, follow the procedures 
for PM sample preconditioning and 
tare weighing according to § 1065.590. 

(b) Unless the standard-setting part 
specifies different tolerances, verify at 
some point before the test that ambi-
ent conditions are within the toler-
ances specified in this paragraph (b). 
For purposes of this paragraph (b), 
‘‘before the test’’ means any time from 
a point just prior to engine starting 
(excluding engine restarts) to the point 
at which emission sampling begins. 

(1) Ambient temperature of (20 to 30) 
°C. See § 1065.530(j) for circumstances 
under which ambient temperatures 
must remain within this range during 
the test. 

(2) Atmospheric pressure of (80.000 to 
103.325) kPa and within ±5 kPa of the 
value recorded at the time of the last 
engine map. You are not required to 
verify atmospheric pressure prior to a 

hot start test interval for testing that 
also includes a cold start. 

(3) Dilution air conditions as speci-
fied in § 1065.140, except in cases where 
you preheat your CVS before a cold 
start test. We recommend verifying di-
lution air conditions just prior to the 
start of each test interval. 

(c) You may test engines at any in-
take-air humidity, and we may test en-
gines at any intake-air humidity. 

(d) Verify that auxiliary-work inputs 
and outputs are configured as they 
were during engine mapping, as de-
scribed in § 1065.510(a). 

(e) You may perform a final calibra-
tion of the speed, torque, and propor-
tional-flow control systems, which may 
include performing practice duty cy-
cles (or portions of duty cycles). This 
may be done in conjunction with the 
preconditioning in § 1065.518. 

(f) Verify the amount of nonmethane 
hydrocarbon contamination in the ex-
haust and background HC sampling 
systems within 8 hours before the start 
of the first test interval of each duty- 
cycle sequence for laboratory tests. 
You may verify the contamination of a 
background HC sampling system by 
reading the last bag fill and purge 
using zero gas. For any NMHC meas-
urement system that involves sepa-
rately measuring CH4 and subtracting 
it from a THC measurement or for any 
CH4 measurement system that uses an 
NMC, verify the amount of THC con-
tamination using only the THC ana-
lyzer response. There is no need to op-
erate any separate CH4 analyzer for 
this verification; however, you may 
measure and correct for THC contami-
nation in the CH4 sample path for the 
cases where NMHC is determined by 
subtracting CH4 from THC or, where 
CH4 is determined, using an NMC as 
configured in § 1065.365(d), (e), and (f); 
and using the calculations in 
§ 1065.660(b)(2). Perform this 
verification as follows: 

(1) Select the HC analyzer range for 
measuring the flow-weighted mean 
concentration expected at the HC 
standard. 

(2) Zero the HC analyzer at the ana-
lyzer zero or sample port. Note that 
FID zero and span balance gases may 
be any combination of purified air or 
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purified nitrogen that meets the speci-
fications of § 1065.750. We recommend 
FID analyzer zero and span gases that 
contain approximately the flow- 
weighted mean concentration of O2 ex-
pected during testing. 

(3) Span the HC analyzer using span 
gas introduced at the analyzer span or 
sample port. Span on a carbon number 
basis of one (C1). For example, if you 
use a C3H8 span gas of concentration 
200 μmol/mol, span the FID to respond 
with a value of 600 μmol/mol. 

(4) Overflow zero gas at the HC probe 
inlet or into a tee near the probe out-
let. 

(5) Measure the THC concentration in 
the sampling and background systems 
as follows: 

(i) For continuous sampling, record 
the mean THC concentration as over-
flow zero gas flows. 

(ii) For batch sampling, fill the sam-
ple medium (e.g., bag) and record its 
mean THC concentration. 

(iii) For the background system, 
record the mean THC concentration of 
the last fill and purge. 

(6) Record this value as the initial 
THC concentration, xTHC[THC-FID]init, and 
use it to correct measured values as de-
scribed in § 1065.660. 

(7) You may correct the measured 
initial THC concentration for drift as 
follows: 

(i) For batch and continuous HC ana-
lyzers, after determining the initial 
THC concentration, flow zero gas to 
the analyzer zero or sample port. When 
the analyzer reading is stable, record 
the mean analyzer value. 

(ii) Flow span gas to the analyzer 
span or sample port. When the analyzer 
reading is stable, record the mean ana-
lyzer value. 

(iii) Use mean analyzer values from 
paragraphs (f)(2), (f)(3), (f)(7)(i), and 
(f)(7)(ii) of this section to correct the 
initial THC concentration recorded in 
paragraph (f)(6) of this section for drift, 
as described in § 1065.550. 

(8) If any of the xTHC[THC-FID]init values 
exceed the greatest of the following 
values, determine the source of the 
contamination and take corrective ac-
tion, such as purging the system dur-
ing an additional preconditioning cycle 
or replacing contaminated portions: 

(i) 2% of the flow-weighted mean con-
centration expected at the HC (THC or 
NMHC) standard. 

(ii) 2% of the flow-weighted mean 
concentration of HC (THC or NMHC) 
measured during testing. 

(iii) 2 μmol/mol. 
(9) If corrective action does not re-

solve the deficiency, you may request 
to use the contaminated system as an 
alternate procedure under § 1065.10. 

[79 FR 23775, Apr. 28, 2014] 

§ 1065.525 Engine starting, restarting, 
and shutdown. 

(a) For test intervals that require 
emission sampling during engine start-
ing, start the engine using one of the 
following methods: 

(1) Start the engine as recommended 
in the owners manual using a produc-
tion starter motor or air-start system 
and either an adequately charged bat-
tery, a suitable power supply, or a suit-
able compressed air source. 

(2) Use the dynamometer to start the 
engine. To do this, motor the engine 
within ±25% of its typical in-use crank-
ing speed. Stop cranking within 1 sec-
ond of starting the engine. 

(3) In the case of hybrid engines, acti-
vate the system such that the engine 
will start when its control algorithms 
determine that the engine should pro-
vide power instead of or in addition to 
power from the RESS. Unless we speci-
fy otherwise, engine starting through-
out this part generally refers to this 
step of activating the system on hybrid 
engines, whether or not that causes the 
engine to start running. 

(b) If the engine does not start after 
15 seconds of cranking, stop cranking 
and determine why the engine failed to 
start, unless the owners manual or the 
service-repair manual describes the 
longer cranking time as normal. 

(c) Respond to engine stalling with 
the following steps: 

(1) If the engine stalls during warm- 
up before emission sampling begins, re-
start the engine and continue warm-up. 

(2) If the engine stalls during pre-
conditioning before emission sampling 
begins, restart the engine and restart 
the preconditioning sequence. 

(3) Void the entire test if the engine 
stalls at any time after emission sam-
pling begins, except as described in 
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§ 1065.526. If you do not void the entire 
test, you must void the individual test 
mode or test interval in which the en-
gine stalls. 

(d) Shut down the engine according 
to the manufacturer’s specifications. 

[73 FR 37320, June 30, 2008, as amended at 75 
FR 68463, Nov. 8, 2010; 76 FR 57451, Sept. 15, 
2011] 

§ 1065.526 Repeating of void modes or 
test intervals. 

(a) Test modes and test intervals can 
be voided because of instrument mal-
function, engine stalling, emissions ex-
ceeding instrument ranges, and other 
unexpected deviations from the speci-
fied procedures. This section specifies 
circumstances for which a test mode or 
test interval can be repeated without 
repeating the entire test. 

(b) This section is intended to result 
in replicate test modes and test inter-
vals that are identical to what would 
have occurred if the cause of the void-
ing had not occurred. It does not allow 
you to repeat test modes or test inter-
vals in any circumstances that would 
be inconsistent with good engineering 
judgment. For example, the procedures 
specified here for repeating a mode or 
interval may not apply for certain en-
gines that include hybrid energy stor-
age features or emission controls that 
involve physical or chemical storage of 
pollutants. This section applies for cir-
cumstances in which emission con-
centrations exceed the analyzer range 
only if it is due to operator error or an-
alyzer malfunction. It does not apply 
for circumstances in which the emis-
sion concentrations exceed the range 
because they were higher than ex-
pected. 

(c) If one of the modes of a discrete- 
mode duty cycle is voided while run-
ning the duty cycle as provided in this 
section, you may void the results for 
that individual mode and continue the 
duty cycle as follows: 

(1) If the engine has stalled or been 
shut down, restart the engine. 

(2) Use good engineering judgment to 
restart the duty cycle using the appro-
priate steps in § 1065.530(b). 

(3) Stabilize the engine by operating 
it at the mode at which the duty cycle 
was interrupted and continue with the 

duty cycle as specified in the standard- 
setting part. 

(d) If an individual mode of a dis-
crete-mode duty cycle sequence is void-
ed after running the full duty cycle, 
you may void results for that mode and 
repeat testing for that mode as follows: 

(1) Use good engineering judgment to 
restart the test sequence using the ap-
propriate steps in § 1065.530(b). 

(2) Stabilize the engine by operating 
it at that mode. 

(3) Sample emissions over an appro-
priate test interval. 

(4) If you sampled gaseous and PM 
emissions over separate test intervals 
for a voided mode, you must void both 
test intervals and repeat sampling of 
both gaseous and PM emissions for 
that mode. 

(e) If a transient or ramped-modal 
cycle test interval is voided as pro-
vided in this section, you may repeat 
the test interval as follows: 

(1) Use good engineering judgment to 
restart (as applicable) and precondition 
the engine to the same condition as 
would apply for normal testing. This 
may require you to complete the void-
ed test interval. For example, you may 
generally repeat a hot-start test of a 
heavy-duty highway engine after com-
pleting the voided hot-start test and 
allowing the engine to soak for 20 min-
utes. 

(2) Complete the remainder of the 
test according to the provisions in this 
subpart. 

(f) Keep records from the voided test 
mode or test interval in the same man-
ner as required for unvoided tests. 

[79 FR 23776, Apr. 28, 2014] 

§ 1065.530 Emission test sequence. 
(a) Time the start of testing as fol-

lows: 
(1) Perform one of the following if 

you precondition the engine as de-
scribed in § 1065.518: 

(i) For cold-start duty cycles, shut 
down the engine. Unless the standard- 
setting part specifies that you may 
only perform a natural engine 
cooldown, you may perform a forced 
engine cooldown. Use good engineering 
judgment to set up systems to send 
cooling air across the engine, to send 
cool oil through the engine lubrication 
system, to remove heat from coolant 
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through the engine cooling system, and 
to remove heat from any exhaust 
aftertreatment systems. In the case of 
a forced aftertreatment cooldown, good 
engineering judgment would indicate 
that you not start flowing cooling air 
until the aftertreatment system has 
cooled below its catalytic activation 
temperature. For platinum-group 
metal catalysts, this temperature is 
about 200 °C. Once the aftertreatment 
system has naturally cooled below its 
catalytic activation temperature, good 
engineering judgment would indicate 
that you use clean air with a tempera-
ture of at least 15 °C, and direct the air 
through the aftertreatment system in 
the normal direction of exhaust flow. 
Do not use any cooling procedure that 
results in unrepresentative emissions 
(see § 1065.10(c)(1)). You may start a 
cold-start duty cycle when the tem-
peratures of an engine’s lubricant, 
coolant, and aftertreatment systems 
are all between (20 and 30) °C. 

(ii) For hot-start emission measure-
ments, shut down the engine imme-
diately after completing the last pre-
conditioning cycle. For any repeat cy-
cles, start the hot-start transient emis-
sion test within 60 seconds after com-
pleting the last preconditioning cycle 
(this is optional for manufacturer test-
ing). 

(iii) For testing that involves hot- 
stabilized emission measurements, 
such as any steady-state testing with a 
ramped-modal cycle, start the hot-sta-
bilized emission test within 60 seconds 
after completing the last precondi-
tioning cycle (the time between cycles 
is optional for manufacturer testing). 
If the hot-stabilized cycle begins and 
ends with different operating condi-
tions, add a linear transition period of 
20 seconds between hot-stabilized cy-
cles where you linearly ramp the 
(denormalized) reference speed and 
torque values over the transition pe-
riod. See § 1065.501(c)(2)(i) for discrete- 
mode cycles. 

(2) If you do not precondition the en-
gine as described in § 1065.518, perform 
one of the following: 

(i) For cold-start duty cycles, prepare 
the engine according to paragraph 
(a)(1)(i) of this section. 

(ii) For hot-start duty cycles, first 
operate the engine at any speed above 

peak-torque speed and at (65 to 85) % of 
maximum mapped power until either 
the engine coolant, block, or head ab-
solute temperature is within ±2% of its 
mean value for at least 2 min or until 
the engine thermostat controls engine 
temperature. Shut down the engine. 
Start the duty cycle within 20 min of 
engine shutdown. 

(iii) For testing that involves hot- 
stabilized emission measurements, 
bring the engine either to warm idle or 
the first operating point of the duty 
cycle. Start the test within 10 min of 
achieving temperature stability. Deter-
mine temperature stability either as 
the point at which the engine coolant, 
block, or head absolute temperature is 
within ±2% of its mean value for at 
least 2 min, or as the point at which 
the engine thermostat controls engine 
temperature. 

(b) Take the following steps before 
emission sampling begins: 

(1) For batch sampling, connect clean 
storage media, such as evacuated bags 
or tare-weighed filters. 

(2) Start all measurement instru-
ments according to the instrument 
manufacturer’s instructions and using 
good engineering judgment. 

(3) Start dilution systems, sample 
pumps, cooling fans, and the data-col-
lection system. 

(4) Pre-heat or pre-cool heat exchang-
ers in the sampling system to within 
their operating temperature tolerances 
for a test. 

(5) Allow heated or cooled compo-
nents such as sample lines, filters, 
chillers, and pumps to stabilize at their 
operating temperatures. 

(6) Verify that there are no signifi-
cant vacuum-side leaks according to 
§ 1065.345. 

(7) Adjust the sample flow rates to 
desired levels, using bypass flow, if de-
sired. 

(8) Zero or re-zero any electronic in-
tegrating devices, before the start of 
any test interval. 

(9) Select gas analyzer ranges. You 
may automatically or manually switch 
gas analyzer ranges during a test only 
if switching is performed by changing 
the span over which the digital resolu-
tion of the instrument is applied. Dur-
ing a test you may not switch the gains 
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of an analyzer’s analog operational am-
plifier(s). 

(10) Zero and span all continuous 
analyzers using NIST-traceable gases 
that meet the specifications of 
§ 1065.750. Span FID analyzers on a car-
bon number basis of one (1), C1. For ex-
ample, if you use a C3H8 span gas of 
concentration 200 μmol/mol, span the 
FID to respond with a value of 600 
μmol/mol. Span FID analyzers con-
sistent with the determination of their 
respective response factors, RF, and 
penetration fractions, PF, according to 
§ 1065.365. 

(11) We recommend that you verify 
gas analyzer responses after zeroing 
and spanning by sampling a calibration 
gas that has a concentration near one- 
half of the span gas concentration. 
Based on the results and good engineer-
ing judgment, you may decide whether 
or not to re-zero, re-span, or re-cali-
brate a gas analyzer before starting a 
test. 

(12) Drain any accumulated conden-
sate from the intake air system before 
starting a duty cycle, as described in 
§ 1065.125(e)(1). If engine and 
aftertreatment preconditioning cycles 
are run before the duty cycle, treat the 
preconditioning cycles and any associ-
ated soak period as part of the duty 
cycle for the purpose of opening drains 
and draining condensate. Note that you 
must close any intake air condensate 
drains that are not representative of 
those normally open during in-use op-
eration. 

(c) Start and run each test interval 
as described in this paragraph (c). The 
procedure varies depending on whether 
the test interval is part of a discrete- 
mode cycle, and whether the test inter-
val includes engine starting. Note that 
the standard-setting part may apply 
different requirements for running test 
intervals. For example, 40 CFR part 
1033 specifies a different way to per-
form discrete-mode testing. 

(1) For steady-state discrete-mode 
duty cycles, start the duty cycle with 
the engine warmed-up and running as 
described in § 1065.501(c)(2)(i). Run each 
mode in the sequence specified in the 
standard-setting part. This will require 
controlling engine speed, engine load, 
or other operator demand settings as 
specified in the standard-setting part. 

Simultaneously start any electronic 
integrating devices, continuous data 
recording, and batch sampling. We rec-
ommend that you stabilize the engine 
for at least 5 minutes for each mode. 
Once sampling begins, sample continu-
ously for at least 1 minute. Note that 
longer sample times may be needed for 
accurately measuring very low emis-
sion levels. 

(2) For transient and steady-state 
ramped-modal duty cycles that do not 
include engine starting, start the test 
interval with the engine running as 
soon as practical after completing en-
gine preconditioning. Simultaneously 
start any electronic integrating de-
vices, continuous data recording, batch 
sampling, and execution of the duty 
cycle. 

(3) If engine starting is part of the 
test interval, simultaneously start any 
electronic integrating devices, contin-
uous data recording, and batch sam-
pling before attempting to start the en-
gine. Initiate the sequence of points in 
the duty cycle when the engine starts. 

(4) For batch sampling systems, you 
may advance or delay the start and end 
of sampling at the beginning and end of 
the test interval to improve the accu-
racy of the batch sample, consistent 
with good engineering judgment. 

(d) At the end of each test interval, 
continue to operate all sampling and 
dilution systems to allow the sampling 
system’s response time to elapse. Then 
stop all sampling and recording, in-
cluding the recording of background 
samples. Finally, stop any integrating 
devices and indicate the end of the 
duty cycle in the recorded data. 

(e) Shut down the engine if you have 
completed testing or if it is part of the 
duty cycle. 

(f) If testing involves another duty 
cycle after a soak period with the en-
gine off, start a timer when the engine 
shuts down, and repeat the steps in 
paragraphs (b) through (e) of this sec-
tion as needed. 

(g) Take the following steps after 
emission sampling is complete: 

(1) For any proportional batch sam-
ple, such as a bag sample or PM sam-
ple, verify that proportional sampling 
was maintained according to § 1065.545. 
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Void any samples that did not main-
tain proportional sampling according 
to § 1065.545. 

(2) Place any used PM samples into 
covered or sealed containers and return 
them to the PM-stabilization environ-
ment. Follow the PM sample post-con-
ditioning and total weighing proce-
dures in § 1065.595. 

(3) As soon as practical after the duty 
cycle is complete, or during the soak 
period if practical, perform the fol-
lowing: 

(i) Zero and span all batch gas ana-
lyzers no later than 30 minutes after 
the duty cycle is complete, or during 
the soak period if practical. 

(ii) Analyze any conventional gas-
eous batch samples no later than 30 
minutes after the duty cycle is com-
plete, or during the soak period if prac-
tical. 

(iii) Analyze background samples no 
later than 60 minutes after the duty 
cycle is complete. 

(iv) Analyze non-conventional gas-
eous batch samples, such as ethanol 
(NMHCE) as soon as practical using 
good engineering judgment. 

(4) After quantifying exhaust gases, 
verify drift as follows: 

(i) For batch and continuous gas ana-
lyzers, record the mean analyzer value 
after stabilizing a zero gas to the ana-
lyzer. Stabilization may include time 
to purge the analyzer of any sample 
gas, plus any additional time to ac-
count for analyzer response. 

(ii) Record the mean analyzer value 
after stabilizing the span gas to the an-
alyzer. Stabilization may include time 
to purge the analyzer of any sample 
gas, plus any additional time to ac-
count for analyzer response. 

(iii) Use these data to validate and 
correct for drift as described in 
§ 1065.550. 

(h) Unless the standard-setting part 
specifies otherwise, determine whether 
or not the test meets the cycle-valida-
tion criteria in § 1065.514. 

(1) If the criteria void the test, you 
may retest using the same 
denormalized duty cycle, or you may 
re-map the engine, denormalize the ref-
erence duty cycle based on the new 
map and retest the engine using the 
new denormalized duty cycle. 

(2) If the criteria void the test for a 
constant-speed engine only during 
commands of maximum test torque, 
you may do the following: 

(i) Determine the first and last feed-
back speeds at which maximum test 
torque was commanded. 

(ii) If the last speed is greater than or 
equal to 90% of the first speed, the test 
is void. You may retest using the same 
denormalized duty cycle, or you may 
re-map the engine, denormalize the ref-
erence duty cycle based on the new 
map and retest the engine using the 
new denormalized duty cycle. 

(iii) If the last speed is less than 90% 
of the first speed, reduce maximum 
test torque by 5%, and proceed as fol-
lows: 

(A) Denormalize the entire duty 
cycle based on the reduced maximum 
test torque according to § 1065.512. 

(B) Retest the engine using the 
denormalized test cycle that is based 
on the reduced maximum test torque. 

(C) If your engine still fails the cycle 
criteria, reduce the maximum test 
torque by another 5% of the original 
maximum test torque. 

(D) If your engine fails after repeat-
ing this procedure four times, such 
that your engine still fails after you 
have reduced the maximum test torque 
by 20% of the original maximum test 
torque, notify us and we will consider 
specifying a more appropriate duty 
cycle for your engine under the provi-
sions of § 1065.10(c). 

(i) [Reserved] 
(j) Measure and record ambient tem-

perature, pressure, and humidity, as 
appropriate. For testing the following 
engines, you must record ambient tem-
perature continuously to verify that it 
remains within the pre-test tempera-
ture range as specified in § 1065.520(b): 

(1) Air-cooled engines. 
(2) Engines equipped with auxiliary 

emission control devices that sense and 
respond to ambient temperature. 

(3) Any other engine for which good 
engineering judgment indicates this is 
necessary to remain consistent with 
§ 1065.10(c)(1). 

[73 FR 37321, June 30, 2008, as amended at 75 
FR 23043, Apr. 30, 2010; 76 FR 57451, Sept. 15, 
2011; 79 FR 23776, Apr. 28, 2014] 
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§ 1065.545 Verification of proportional 
flow control for batch sampling. 

For any proportional batch sample 
such as a bag or PM filter, demonstrate 
that proportional sampling was main-
tained using one of the following, not-
ing that you may omit up to 5% of the 
total number of data points as outliers: 

(a) For any pair of flow rates, use re-
corded sample and total flow rates, 
where total flow rate means the raw 
exhaust flow rate for raw exhaust sam-
pling and the dilute exhaust flow rate 
for CVS sampling, or their 1 Hz means 
with the statistical calculations in 
§ 1065.602. Determine the standard error 
of the estimate, SEE, of the sample 
flow rate versus the total flow rate. 
For each test interval, demonstrate 
that SEE was less than or equal to 3.5% 
of the mean sample flow rate. 

(b) For any pair of flow rates, use re-
corded sample and total flow rates, 
where total flow rate means the raw 
exhaust flow rate for raw exhaust sam-
pling and the dilute exhaust flow rate 
for CVS sampling, or their 1 Hz means 
to demonstrate that each flow rate was 
constant within ±2.5% of its respective 
mean or target flow rate. You may use 
the following options instead of record-
ing the respective flow rate of each 
type of meter: 

(1) Critical-flow venturi option. For 
critical-flow venturis, you may use re-
corded venturi-inlet conditions or their 
1 Hz means. Demonstrate that the flow 
density at the venturi inlet was con-
stant within ±2.5% of the mean or tar-
get density over each test interval. For 
a CVS critical-flow venturi, you may 
demonstrate this by showing that the 
absolute temperature at the venturi 
inlet was constant within ±4% of the 
mean or target absolute temperature 
over each test interval. 

(2) Positive-displacement pump option. 
You may use recorded pump-inlet con-
ditions or their 1 Hz means. Dem-
onstrate that the flow density at the 
pump inlet was constant within ±2.5% 
of the mean or target density over each 
test interval. For a CVS pump, you 
may demonstrate this by showing that 
the absolute temperature at the pump 
inlet was constant within ±2% of the 
mean or target absolute temperature 
over each test interval. 

(c) Using good engineering judgment, 
demonstrate with an engineering anal-
ysis that the proportional-flow control 
system inherently ensures proportional 
sampling under all circumstances ex-
pected during testing. For example, 
you might use CFVs for both sample 
flow and total dilute exhaust (CVS) 
flow and demonstrate that they always 
have the same inlet pressures and tem-
peratures and that they always operate 
under critical-flow conditions. 

[79 FR 23777, Apr. 28, 2014] 

§ 1065.546 Verification of minimum di-
lution ratio for PM batch sampling. 

Use continuous flows and/or tracer 
gas concentrations for transient and 
ramped-modal cycles to verify the min-
imum dilution ratios for PM batch 
sampling as specified in § 1065.140(e)(2) 
over the test interval. You may use 
mode-average values instead of contin-
uous measurements for discrete mode 
steady-state duty cycles. Determine 
the minimum primary and minimum 
overall dilution ratios using one of the 
following methods (you may use a dif-
ferent method for each stage of dilu-
tion): 

(a) Determine minimum dilution 
ratio based on molar flow data. This in-
volves determination of at least two of 
the following three quantities: raw ex-
haust flow (or previously diluted flow), 
dilution air flow, and dilute exhaust 
flow. You may determine the raw ex-
haust flow rate based on the measured 
intake air or fuel flow rate and the raw 
exhaust chemical balance terms as 
given in § 1065.655(f). You may deter-
mine the raw exhaust flow rate based 
on the measured intake air and dilute 
exhaust molar flow rates and the dilute 
exhaust chemical balance terms as 
given in § 1065.655(g). You may alter-
natively estimate the molar raw ex-
haust flow rate based on intake air, 
fuel rate measurements, and fuel prop-
erties, consistent with good engineer-
ing judgment. 

(b) Determine minimum dilution 
ratio based on tracer gas (e.g., CO2) 
concentrations in the raw (or pre-
viously diluted) and dilute exhaust cor-
rected for any removed water. 
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(c) Use good engineering judgment to 
develop your own method of deter-
mining dilution ratios. 

[75 FR 23043, Apr. 30, 2010, as amended at 76 
FR 57451, Sept. 15, 2011; 79 FR 23778, Apr. 28, 
2014; 81 FR 74169, Oct. 25, 2016] 

§ 1065.550 Gas analyzer range 
verification and drift verification. 

(a) Range verification. If an analyzer 
operated above 100% of its range at any 
time during the test, perform the fol-
lowing steps: 

(1) For batch sampling, re-analyze 
the sample using the lowest analyzer 
range that results in a maximum in-
strument response below 100%. Report 
the result from the lowest range from 
which the analyzer operates below 
100% of its range. 

(2) For continuous sampling, repeat 
the entire test using the next higher 
analyzer range. If the analyzer again 
operates above 100% of its range, re-
peat the test using the next higher 
range. Continue to repeat the test until 
the analyzer always operates at less 
than 100% of its range. 

(b) Drift verification. Gas analyzer 
drift verification is required for all gas-
eous exhaust constituents for which an 
emission standard applies. It is also re-
quired for CO2 even if there is no CO2 
emission standard. It is not required 
for other gaseous exhaust constituents 
for which only a reporting requirement 
applies (such as CH4 and N2O). 

(1) Verify drift using one of the fol-
lowing methods: 

(i) For regulated exhaust constitu-
ents determined from the mass of a sin-
gle component, perform drift 
verification based on the regulated 
constituent. For example, when NOX 
mass is determined with a dry sample 
measured with a CLD and the removed 
water is corrected based on measured 
CO2, CO, THC, and NOX concentrations, 
you must verify the calculated NOX 
value. 

(ii) For regulated exhaust constitu-
ents determined from the masses of 
multiple subcomponents, perform the 
drift verification based on either the 
regulated constituent or all the mass 
subcomponents. For example, when 
NOX is measured with separate NO and 
NO2 analyzers, you must verify either 

the NOX value or both the NO and NO2 
values. 

(iii) For regulated exhaust constitu-
ents determined from the concentra-
tions of multiple gaseous emission sub-
components prior to performing mass 
calculations, perform drift verification 
on the regulated constituent. You may 
not verify the concentration subcompo-
nents (e.g., THC and CH4 for NMHC) 
separately. For example, for NMHC 
measurements, perform drift 
verification on NMHC; do not verify 
THC and CH4 separately. 

(2) Drift verification requires two 
sets of emission calculations. For each 
set of calculations, include all the con-
stituents in the drift verification. Cal-
culate one set using the data before 
drift correction and calculate the other 
set after correcting all the data for 
drift according to § 1065.672. Note that 
for purposes of drift verification, you 
must leave unaltered any negative 
emission results over a given test in-
terval (i.e., do not set them to zero). 
These unaltered results are used when 
verifying either test interval results or 
composite brake-specific emissions 
over the entire duty cycle for drift. For 
each constituent to be verified, both 
sets of calculations must include the 
following: 

(i) Calculated mass (or mass rate) 
emission values over each test interval. 

(ii) If you are verifying each test in-
terval based on brake-specific values, 
calculate brake-specific emission val-
ues over each test interval. 

(iii) If you are verifying over the en-
tire duty cycle, calculate composite 
brake-specific emission values. 

(3) The duty cycle is verified for drift 
if you satisfy the following criteria: 

(i) For each regulated gaseous ex-
haust constituent, you must satisfy 
one of the following: 

(A) For each test interval of the duty 
cycle, the difference between the un-
corrected and the corrected brake-spe-
cific emission values of the regulated 
constituent must be within ±4% of the 
uncorrected value or the applicable 
emissions standard, whichever is great-
er. Alternatively, the difference be-
tween the uncorrected and the cor-
rected emission mass (or mass rate) 
values of the regulated constituent 
must be within ±4% of the uncorrected 
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value or the composite work (or power) 
multiplied by the applicable emissions 
standard, whichever is greater. For 
purposes of verifying each test inter-
val, you may use either the reference 
or actual composite work (or power). 

(B) For each test interval of the duty 
cycle and for each mass subcomponent 
of the regulated constituent, the dif-
ference between the uncorrected and 
the corrected brake-specific emission 
values must be within ±4% of the un-
corrected value. Alternatively, the dif-
ference between the uncorrected and 
the corrected emissions mass (or mass 
rate) values must be within ±4% of the 
uncorrected value. 

(C) For the entire duty cycle, the dif-
ference between the uncorrected and 
the corrected composite brake-specific 
emission values of the regulated con-
stituent must be within ±4% of the un-
corrected value or applicable emission 
standard, whichever is greater. 

(D) For the entire duty cycle and for 
each subcomponent of the regulated 
constituent, the difference between the 
uncorrected and the corrected com-
posite brake-specific emission values 
must be within ±4% of the uncorrected 
value. 

(ii) Where no emission standard ap-
plies for CO2, you must satisfy one of 
the following: 

(A) For each test interval of the duty 
cycle, the difference between the un-
corrected and the corrected brake-spe-
cific CO2 values must be within ±4% of 
the uncorrected value; or the difference 
between the uncorrected and the cor-
rected CO2 mass (or mass rate) values 
must be within ±4% of the uncorrected 
value. 

(B) For the entire duty cycle, the dif-
ference between the uncorrected and 
the corrected composite brake-specific 
CO2 values must be within ±4% of the 
uncorrected value. 

(4) If the test is not verified for drift 
as described in paragraph (b)(1) of this 
section, you may consider the test re-
sults for the duty cycle to be valid only 
if, using good engineering judgment, 
the observed drift does not affect your 
ability to demonstrate compliance 
with the applicable emission standards. 
For example, if the drift-corrected 
value is less than the standard by at 
least two times the absolute difference 

between the uncorrected and corrected 
values, you may consider the data to 
be verified for demonstrating compli-
ance with the applicable standard. 

[79 FR 23778, Apr. 28, 2014] 

§ 1065.590 PM sampling media (e.g., fil-
ters) preconditioning and tare 
weighing. 

Before an emission test, take the fol-
lowing steps to prepare PM sampling 
media (e.g., filters) and equipment for 
PM measurements: 

(a) Make sure the balance and PM- 
stabilization environments meet the 
periodic verifications in § 1065.390. 

(b) Visually inspect unused sample 
media (e.g., filters) for defects and dis-
card defective media. 

(c) To handle PM sampling media 
(e.g., filters), use electrically grounded 
tweezers or a grounding strap, as de-
scribed in § 1065.190. 

(d) Place unused sample media (e.g., 
filters) in one or more containers that 
are open to the PM-stabilization envi-
ronment. If you are using filters, you 
may place them in the bottom half of a 
filter cassette. 

(e) Stabilize sample media (e.g., fil-
ters) in the PM-stabilization environ-
ment. Consider an unused sample me-
dium stabilized as long as it has been 
in the PM-stabilization environment 
for a minimum of 30 min, during which 
the PM-stabilization environment has 
been within the specifications of 
§ 1065.190. 

(f) Weigh the sample media (e.g., fil-
ters) automatically or manually, as 
follows: 

(1) For automatic weighing, follow 
the automation system manufacturer’s 
instructions to prepare samples for 
weighing. This may include placing the 
samples in a special container. 

(2) Use good engineering judgment to 
determine if substitution weighing is 
necessary to show that an engine 
meets the applicable standard. You 
may follow the substitution weighing 
procedure in paragraph (j) of this sec-
tion, or you may develop your own pro-
cedure. 

(g) Correct the measured mass of 
each sample medium (e.g., filter) for 
buoyancy as described in § 1065.690. 
These buoyancy-corrected values are 
subsequently subtracted from the post- 
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test mass of the corresponding sample 
media (e.g., filters) and collected PM to 
determine the mass of PM emitted dur-
ing the test. 

(h) You may repeat measurements to 
determine the mean mass of each sam-
ple medium (e.g., filter). Use good engi-
neering judgment to exclude outliers 
from the calculation of mean mass val-
ues. 

(i) If you use filters as sample media, 
load unused filters that have been tare- 
weighed into clean filter cassettes and 
place the loaded cassettes in a clean, 
covered or sealed container before re-
moving them from the stabilization en-
vironment for transport to the test site 
for sampling. We recommend that you 
keep filter cassettes clean by periodi-
cally washing or wiping them with a 
compatible solvent applied using a 
lint-free cloth. Depending upon your 
cassette material, ethanol (C2H5OH) 
might be an acceptable solvent. Your 
cleaning frequency will depend on your 
engine’s level of PM and HC emissions. 

(j) Substitution weighing involves 
measurement of a reference weight be-
fore and after each weighing of the PM 
sampling medium (e.g., the filter). 
While substitution weighing requires 
more measurements, it corrects for a 
balance’s zero-drift and it relies on bal-
ance linearity only over a small range. 
This is most advantageous when quan-
tifying net PM masses that are less 
than 0.1% of the sample medium’s 
mass. However, it may not be advan-
tageous when net PM masses exceed 1% 
of the sample medium’s mass. If you 
utilize substitution weighing, it must 
be used for both pre-test and post-test 
weighing. The same substitution 
weight must be used for both pre-test 
and post-test weighing. Correct the 
mass of the substitution weight for 
buoyancy if the density of the substi-
tution weight is less than 2.0 g/cm3. 
The following steps are an example of 
substitution weighing: 

(1) Use electrically grounded tweezers 
or a grounding strap, as described in 
§ 1065.190. 

(2) Use a static neutralizer as de-
scribed in § 1065.190 to minimize static 
electric charge on any object before it 
is placed on the balance pan. 

(3) Select and weigh a substitution 
weight that meets the requirements for 

calibration weights found in § 1065.790. 
The substitution weight must also 
have the same density as the weight 
you use to span the microbalance, and 
be similar in mass to an unused sample 
medium (e.g., filter). A 47 mm PTFE 
membrane filter will typically have a 
mass in the range of 80 to 100 mg. 

(4) Record the stable balance reading, 
then remove the substitution weight. 

(5) Weigh an unused sample medium 
(e.g., a new filter), record the stable 
balance reading and record the balance 
environment’s dewpoint, ambient tem-
perature, and atmospheric pressure. 

(6) Reweigh the substitution weight 
and record the stable balance reading. 

(7) Calculate the arithmetic mean of 
the two substitution-weight readings 
that you recorded immediately before 
and after weighing the unused sample. 
Subtract that mean value from the un-
used sample reading, then add the true 
mass of the substitution weight as 
stated on the substitution-weight cer-
tificate. Record this result. This is the 
unused sample’s tare weight without 
correcting for buoyancy. 

(8) Repeat these substitution-weigh-
ing steps for the remainder of your un-
used sample media. 

(9) Once weighing is completed, fol-
low the instructions given in para-
graphs (g) through (i) of this section. 

[73 FR 37323, June 30, 2008, as amended at 81 
FR 74169, Oct. 25, 2016] 

§ 1065.595 PM sample post-condi-
tioning and total weighing. 

After testing is complete, return the 
sample media (e.g., filters) to the 
weighing and PM-stabilization environ-
ments. 

(a) Make sure the weighing and PM- 
stabilization environments meet the 
ambient condition specifications in 
§ 1065.190(e)(1). If those specifications 
are not met, leave the test sample 
media (e.g., filters) covered until prop-
er conditions have been met. 

(b) In the PM-stabilization environ-
ment, remove PM samples from sealed 
containers. If you use filters, you may 
remove them from their cassettes be-
fore or after stabilization. We rec-
ommend always removing the top por-
tion of the cassette before stabiliza-
tion. When you remove a filter from a 
cassette, separate the top half of the 
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cassette from the bottom half using a 
cassette separator designed for this 
purpose. 

(c) To handle PM samples, use elec-
trically grounded tweezers or a ground-
ing strap, as described in § 1065.190. 

(d) Visually inspect the sampling 
media (e.g., filters) and collected par-
ticulate. If either the sample media 
(e.g., filters) or particulate sample ap-
pear to have been compromised, or the 
particulate matter contacts any sur-
face other than the filter, the sample 
may not be used to determine particu-
late emissions. In the case of contact 
with another surface, clean the af-
fected surface before continuing. 

(e) To stabilize PM samples, place 
them in one or more containers that 
are open to the PM-stabilization envi-
ronment, as described in § 1065.190. If 
you expect that a sample medium’s 
(e.g., filter’s) total surface concentra-
tion of PM will be less than 400 μg, as-
suming a 38 mm diameter filter stain 
area, expose the filter to a PM-sta-
bilization environment meeting the 
specifications of § 1065.190 for at least 30 
minutes before weighing. If you expect 
a higher PM concentration or do not 
know what PM concentration to ex-
pect, expose the filter to the stabiliza-
tion environment for at least 60 min-
utes before weighing. Note that 400 μg 
on sample media (e.g., filters) is an ap-
proximate net mass of 0.07 g/kW · hr for 
a hot-start test with compression-igni-
tion engines tested according to 40 CFR 
part 86, subpart N, or 50 mg/mile for 
light-duty vehicles tested according to 
40 CFR part 86, subpart B. 

(f) Repeat the procedures in 
§ 1065.590(f) through (i) to determine 
post-test mass of the sample media 
(e.g., filters). 

(g) Subtract each buoyancy-corrected 
tare mass of the sample medium (e.g., 
filter) from its respective buoyancy- 
corrected mass. The result is the net 
PM mass, mPM. Use mPM in emission cal-
culations in § 1065.650. 

[73 FR 37323, June 30, 2008] 

Subpart G—Calculations and 
Data Requirements 

§ 1065.601 Overview. 
(a) This subpart describes how to— 

(1) Use the signals recorded before, 
during, and after an emission test to 
calculate brake-specific emissions of 
each measured exhaust constituent. 

(2) Perform calculations for calibra-
tions and performance checks. 

(3) Determine statistical values. 
(b) You may use data from multiple 

systems to calculate test results for a 
single emission test, consistent with 
good engineering judgment. You may 
also make multiple measurements 
from a single batch sample, such as 
multiple weighings of a PM filter or 
multiple readings from a bag sample. 
Although you may use an average of 
multiple measurements from a single 
test, you may not use test results from 
multiple emission tests to report emis-
sions. 

(1) We allow weighted means where 
appropriate. 

(2) You may discard statistical 
outliers, but you must report all re-
sults. 

(3) For emission measurements re-
lated to durability testing, we may 
allow you to exclude certain test 
points other than statistical outliers 
relative to compliance with emission 
standards, consistent with good engi-
neering judgment and normal measure-
ment variability; however, you must 
include these results when calculating 
the deterioration factor. This would 
allow you to use durability data from 
an engine that has an intermediate 
test result above the standard that 
cannot be discarded as a statistical 
outlier, as long as good engineering 
judgment indicates that the test result 
does not represent the engine’s actual 
emission level. Note that good engi-
neering judgment would preclude you 
from excluding endpoints. Also, if nor-
mal measurement variability causes 
emission results below zero, include 
the negative result in calculating the 
deterioration factor to avoid an upward 
bias. These provisions related to dura-
bility testing are intended to address 
very stringent standards where meas-
urement variability is large relative to 
the emission standard. 

(c) You may use any of the following 
calculations instead of the calculations 
specified in this subpart G: 
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(1) Mass-based emission calculations 
prescribed by the International Organi-
zation for Standardization (ISO), ac-
cording to ISO 8178, except the fol-
lowing: 

(i) ISO 8178–1 Section 14.4, NOX Cor-
rection for Humidity and Temperature. 
See § 1065.670 for approved methods for 
humidity corrections. 

(ii) ISO 8178–1 Section 15.1, Particu-
late Correction Factor for Humidity. 

(2) Other calculations that you show 
are equivalent to within ±0.1% of the 
brake-specific emission results deter-

mined using the calculations specified 
in this subpart G. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37324, June 30, 2008; 74 FR 56516, Oct. 30, 
2009; 75 FR 23044, Apr. 30, 2010; 79 FR 23778, 
Apr. 28, 2014] 

§ 1065.602 Statistics. 
(a) Overview. This section contains 

equations and example calculations for 
statistics that are specified in this 
part. In this section we use the letter 
‘‘y’’ to denote a generic measured 
quantity, the superscript over-bar ‘‘¥‘‘ 
to denote an arithmetic mean, and the 
subscript ‘‘ref’’ to denote the reference 
quantity being measured. 

(b) Arithmetic mean. Calculate an 
arithmetic mean, ȳ, as follows: 

y =

y

N

N

i
i=1
∑

Eq. 1065.602-1

Example: 

N = 3 

y1 = 10.60 
y2 = 11.91 
yN = y3 = 11.09 

y =
10.60 + 11.91 + 11.09

3

ȳ = 11.20 

(c) Standard deviation. Calculate the 
standard deviation for a non-biased 
(e.g., N–1) sample, σ, as follows: 

σy

i
i

N

y y

N
Eq=

−( )
−

=
∑ 2

1

1( )
.  1065.602-2

Example: 

N = 3 
y1 = 10.60 
y2 = 11.91 
yN = y3 = 11.09 
ȳ = 11.20 

σy = − + − + −( . . ) ( . . ) ( . . )10 60 11 2 11 91 11 2 11 09 11 2

2

2 2 2
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σy = 0.6619 

(d) Root mean square. Calculate a root 
mean square, rmsy, as follows: 

rms
N

y Eqy i
i

N

=
=
∑1

32

1

.  1065.602-

Example: 

N = 3 
y1 = 10.60 
y2 = 11.91 
yN = y3 = 11.09 

rmsy = + +10 60 11 91 11 09

3

2 2. . .

rmsy = 11.21 

(e) Accuracy. Determine accuracy as 
described in this paragraph (e). Make 
multiple measurements of a standard 
quantity to create a set of observed 
values, yi, and compare each observed 
value to the known value of the stand-
ard quantity. The standard quantity 
may have a single known value, such 
as a gas standard, or a set of known 
values of negligible range, such as a 
known applied pressure produced by a 
calibration device during repeated ap-
plications. The known value of the 
standard quantity is represented by yrefi 
. If you use a standard quantity with a 
single value, yrefi would be constant. 
Calculate an accuracy value as follows: 

accuracy =
N

y y
N1

i ref
i=1

i
−( )∑ Eq. 1065.602-4

Example: 

yref = 1800.0 
N = 3 

y1 = 1806.4 
y2 = 1803.1 
y3 = 1798.9 

accuracy = − + − + −1

3
1806 4 1800 0 1803 1 1800 0 1798 9 1800 0(( . . ) ( . . ) ( . . )))

accuracy = + + −1

3
6 4 3 1 1 1(( . ) ( . ) ( . ))

accuracy = 2.8 

(f) t-test. Determine if your data 
passes a t-test by using the following 
equations and tables: 

(1) For an unpaired t-test, calculate 
the t statistic and its number of de-
grees of freedom, v, as follows: 
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(2) For a paired t-test, calculate the t 
statistic and its number of degrees of 
freedom, v, as follows, noting that the 

ei are the errors (e.g., differences) be-
tween each pair of yrefi and yi: 
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TABLE 1 OF § 1065.602—CRITICAL t VALUES 
VERSUS NUMBER OF DEGREES OF FREEDOM, 
v 1 

ν 

Confidence 

90% 95% 

1 ................................................. 6.314 12.706 
2 ................................................. 2.920 4.303 
3 ................................................. 2.353 3.182 
4 ................................................. 2.132 2.776 
5 ................................................. 2.015 2.571 
6 ................................................. 1.943 2.447 
7 ................................................. 1.895 2.365 
8 ................................................. 1.860 2.306 
9 ................................................. 1.833 2.262 
10 ............................................... 1.812 2.228 
11 ............................................... 1.796 2.201 
12 ............................................... 1.782 2.179 
13 ............................................... 1.771 2.160 
14 ............................................... 1.761 2.145 
15 ............................................... 1.753 2.131 
16 ............................................... 1.746 2.120 
18 ............................................... 1.734 2.101 
20 ............................................... 1.725 2.086 

TABLE 1 OF § 1065.602—CRITICAL t VALUES 
VERSUS NUMBER OF DEGREES OF FREEDOM, 
v 1—Continued 

ν 

Confidence 

90% 95% 

22 ............................................... 1.717 2.074 
24 ............................................... 1.711 2.064 
26 ............................................... 1.706 2.056 
28 ............................................... 1.701 2.048 
30 ............................................... 1.697 2.042 
35 ............................................... 1.690 2.030 
40 ............................................... 1.684 2.021 
50 ............................................... 1.676 2.009 
70 ............................................... 1.667 1.994 
100 ............................................. 1.660 1.984 
1000 + ....................................... 1.645 1.960 

1 Use linear interpolation to establish values not shown 
here. 

(g) F-test. Calculate the F statistic as 
follows: 

F Eqy
y

ref

=
σ
σ

2

2 .  1065.602-8

Example: 
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σy

i
i

N

y y

N
=

−( )
−( )

==
∑

1

2

1
10 583.

σ ref

refi ref
i

N

ref

y y

N

ref

=
−( )
−( ) ==

∑
1

2

1
9 399.

F = 10 583

9 399

2

2
.

.

F = 1.268 

(1) For a 90% confidence F-test, use 
Table 2 of this section to compare F to 
the Fcrit90 values tabulated versus (N¥1) 
and (Nref¥1). If F is less than Fcrit90, then 
F passes the F-test at 90% confidence. 

(2) For a 95% confidence F-test, use 
Table 3 of this section to compare F to 
the Fcrit95 values tabulated versus (N¥1) 
and (Nref¥1). If F is less than Fcrit95, then 
F passes the F-test at 95% confidence. 
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(h) Slope. Calculate a least-squares 
regression slope, a1y, as follows: 
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Example: 

N = 6000 
y1 = 2045.8 

ȳ = 1050.1 
yref 1 = 2045.0 
ȳref = 1055.3 

a1y = 1.0110 (i) Intercept. Calculate a least-squares 
regression intercept, a0y, as follows: 

a y a y Eqy y ref0 1= − ⋅( ) .  1065.602-10

Example: 

ȳ = 1050.1 
a1y = 1.0110 
ȳref = 1055.3 
a0y = 1050.1 ¥ (1.0110 · 1055.3) 

a0y = ¥16.8083 

(j) Standard estimate of error. Cal-
culate a standard estimate of error, 
SEE, as follows: 

Eq. 1065.602–11 
Example:  

N = 6000 

y1 = 2045.8 
a0y = –16.8083 
a1y = 1.0110 
yref1 = 2045.0 
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SEEy = 5.348 (k) Coefficient of determination. Cal-
culate a coefficient of determination, 
r2, as follows: 

r

y a a y

y y

Eqy

i y y refi
i

N

i
i

N
2

0 1

2

1

2

1

1= −
− − ⋅( )[ ]

−[ ]
=

=

∑

∑
.  1065.602-12

Example: 

N = 6000 
y1 = 2045.8 

a0y = ¥16.8083 
a1y = 1.0110 
yrefi = 2045.0 
ȳ = 1480.5 

r
y y

y
y

ref2

2
6000 6000

2

2
6000

2
1

2045 8 16 8083 1 0110 2045 0 16 8083 1 0110

2045 8 1480 5 1480 5
= −

− −( ) − ×( )[ ] + − −( ) − ⋅( )[ ]
−[ ] + −[ ]

. . . . . .

. . .

…

…

ry
2 0 9859= .

(l) Flow-weighted mean concentration. 
In some sections of this part, you may 
need to calculate a flow-weighted mean 
concentration to determine the appli-
cability of certain provisions. A flow- 
weighted mean is the mean of a quan-
tity after it is weighted proportional to 
a corresponding flow rate. For exam-
ple, if a gas concentration is measured 
continuously from the raw exhaust of 
an engine, its flow-weighted mean con-
centration is the sum of the products 
of each recorded concentration times 
its respective exhaust molar flow rate, 
divided by the sum of the recorded flow 
rate values. As another example, the 
bag concentration from a CVS system 
is the same as the flow-weighted mean 
concentration because the CVS system 
itself flow-weights the bag concentra-
tion. You might already expect a cer-
tain flow-weighted mean concentration 
of an emission at its standard based on 
previous testing with similar engines 
or testing with similar equipment and 
instruments. If you need to estimate 
your expected flow-weighted mean con-
centration of an emission at its stand-
ard, we recommend using the following 
examples as a guide for how to esti-
mate the flow-weighted mean con-

centration expected at the standard. 
Note that these examples are not exact 
and that they contain assumptions 
that are not always valid. Use good en-
gineering judgment to determine if you 
can use similar assumptions. 

(1) To estimate the flow-weighted 
mean raw exhaust NOX concentration 
from a turbocharged heavy-duty com-
pression-ignition engine at a NOX 
standard of 2.5 g/(kW · hr), you may do 
the following: 

(i) Based on your engine design, ap-
proximate a map of maximum torque 
versus speed and use it with the appli-
cable normalized duty cycle in the 
standard-setting part to generate a ref-
erence duty cycle as described in 
§ 1065.610. Calculate the total reference 
work, Wref, as described in § 1065.650. Di-
vide the reference work by the duty cy-
cle’s time interval, Dtdutycycle, to deter-
mine mean reference power, Pref. 

(ii) Based on your engine design, esti-
mate maximum power, Pmax, the design 
speed at maximum power, fnmax, the de-
sign maximum intake manifold boost 
pressure, pinmax, and temperature, Tinmax. 
Also, estimate a mean fraction of 
power that is lost due to friction and 
pumping, p̄frict. Use this information 
along with the engine displacement 
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volume, Vdisp, an approximate volu-
metric efficiency, ηV, and the number 
of engine strokes per power stroke 
(two-stroke or four-stroke), Nstroke, to 

estimate the maximum raw exhaust 
molar flow rate, ṅexhmax. 

(iii) Use your estimated values as de-
scribed in the following example cal-
culation: 

Example: 

eNOx = 2.5 g/(kW · hr) 
Wref = 11.883 kW · hr 
MNOx = 46.0055 g/mol = 46.0055 · 10¥6 g/μmol 
Dtdutycycle = 20 min = 1200 s 
P̄ref = 35.65 kW 
P̄frict = 15% 

Pmax = 125 kW 
pmax = 300 kPa = 300,000 Pa 
Vdisp = 3.0 l = 0.0030 m3/r 
fnmax = 2,800 r/min = 46.67 r/s 
Nstroke = 4 
hV = 0.9 
R = 8.314472 J/(mol · K) 
Tmax = 348.15 K 

ṅexhmax = 6.53 mol/s 

x̄exp = 189.4 μmol/mol 

(2) To estimate the flow-weighted 
mean NMHC concentration in a CVS 
from a naturally aspirated nonroad 

spark-ignition engine at an NMHC 
standard of 0.5 g/(kW · hr), you may do 
the following: 
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(i) Based on your engine design, ap-
proximate a map of maximum torque 
versus speed and use it with the appli-
cable normalized duty cycle in the 
standard-setting part to generate a ref-
erence duty cycle as described in 
§ 1065.610. Calculate the total reference 
work, Wref, as described in § 1065.650. 

(ii) Multiply your CVS total molar 
flow rate by the time interval of the 
duty cycle, Dtdutycycle. The result is the 
total diluted exhaust flow of the ndexh. 

(iii) Use your estimated values as de-
scribed in the following example cal-
culation: 

Example: 
eNMHC = 1.5 g/(kW · hr) 
Wref = 5.389 kW · hr 
MNMHC = 13.875389 g/mol = 13.875389 · 10¥6 g/ 

μmol 
ṅdexh = 6.021 mol/s 
Dtdutycycle = 30 min = 1800 s 

x̄NMHC = 53.8 μmol/mol 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37324, June 30, 2008; 75 FR 23044, Apr. 30, 
2010; 76 FR 57452, Sept. 15, 2011; 79 FR 23779, 
Apr. 28, 2014; 81 FR 74170, Oct. 25, 2016] 

EDITORIAL NOTE: At 79 FR 23779, Apr. 28, 
2014, § 1065.605 was amended and paragraph 
(k) could not be revised because the text was 
not provided; however, the amendment could 
not be incorporated due to inaccurate 
amendatory instruction. 

§ 1065.610 Duty cycle generation. 
This section describes how to gen-

erate duty cycles that are specific to 
your engine, based on the normalized 
duty cycles in the standard-setting 
part. During an emission test, use a 
duty cycle that is specific to your en-
gine to command engine speed, torque, 
and power, as applicable, using an en-
gine dynamometer and an engine oper-
ator demand. Paragraph (a) of this sec-
tion describes how to ‘‘normalize’’ your 
engine’s map to determine the max-
imum test speed and torque for your 
engine. The rest of this section de-
scribes how to use these values to 
‘‘denormalize’’ the duty cycles in the 
standard-setting parts, which are all 

published on a normalized basis. Thus, 
the term ‘‘normalized’’ in paragraph (a) 
of this section refers to different values 
than it does in the rest of the section. 

(a) Maximum test speed, fntest. This sec-
tion generally applies to duty cycles 
for variable-speed engines. For con-
stant-speed engines subject to duty cy-
cles that specify normalized speed com-
mands, use the no-load governed speed 
as the measured fntest. This is the high-
est engine speed where an engine out-
puts zero torque. For variable-speed en-
gines, determine fntest as follows: 

(1) Develop a measured value for fntest 
as follows: 

(i) Determine maximum power, Pmax, 
from the engine map generated accord-
ing to § 1065.510 and calculate the value 
for power equal to 98% of Pmax. 

(ii) Determine the lowest and highest 
engine speeds corresponding to 98% of 
Pmax, using linear interpolation, and no 
extrapolation, as appropriate. 

(iii) Determine the engine speed cor-
responding to maximum power, fnPmax, 
by calculating the average of the two 
speed values from paragraph (a)(1)(ii) 
of this section. If there is only one 
speed where power is equal to 98% of 
Pmax, take fnPmax as the speed at which 
Pmax occurs. 

(iv) Transform the map into a nor-
malized power-versus-speed map by di-
viding power terms by Pmax and divid-
ing speed terms by fnPmax. Use the fol-
lowing equation to calculate a quan-
tity representing the sum of squares 
from the normalized map: 
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(v) Determine the maximum value for the sum of the squares from the map and 
multiply that value by 0.98. 
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(vi) Determine the lowest and highest 
engine speeds corresponding to the 
value calculated in paragraph (a)(1)(v) 
of this section, using linear interpola-
tion as appropriate. Calculate fntest as 
the average of these two speed values. 
If there is only one speed corresponding 
to the value calculated in paragraph 
(a)(1)(v) of this section, take fntest as the 
speed where the maximum of the sum 
of the squares occurs. 

(vii) The following example illus-
trates a calculation of fntest: 

Pmax = 230.0 

(fn1 = 2360, P1 = 222.5, fnnorm1 = 1.002, Pnorm1 = 
0.9675) 

(fn2 = 2364, P2 = 226.8, fnnorm2 = 1.004, Pnorm2 = 
0.9859) 

(fn3 = 2369, P3 = 228.6, fnnorm3 = 1.006, Pnorm3 = 
0.9940) 

(fn4 = 2374, P4 = 218.7, fnnorm4 = 1.008, Pnorm4 = 
0.9508) 

Sum of squares = (1.0022 + 0.96752) = 1.94 
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Sum of squares = (1.0042 + 0.98592) = 1.98 
Sum of squares = (1.0062 + 0.99402) = 2.00 

Sum of squares = (1.0082 + 0.95082) = 1.92 

(2) For engines with a high-speed gov-
ernor that will be subject to a ref-
erence duty cycle that specifies nor-
malized speeds greater than 100%, cal-
culate an alternate maximum test 
speed, fntest,alt, as specified in this para-
graph (a)(2). If fntest,alt is less than the 
measured maximum test speed, fntest, de-
termined in paragraph (a)(1) of this sec-
tion, replace fntest with fntest,alt. In this 

case, fntest,alt becomes the ‘‘maximum 
test speed’’ for that engine. Note that 
§ 1065.510 allows you to apply an op-
tional declared maximum test speed to 
the final measured maximum test 
speed determined as an outcome of the 
comparison between fntest, and fntest,alt in 
this paragraph (a)(2). Determine fntest,alt 
as follows: 

Where: 

fntest,alt = alternate maximum test speed 
fnhi,idle = warm high-idle speed 
fnidle = warm idle speed 

% speedmax = maximum normalized speed 
from duty cycle 

Example:  
fnhi,idle = 2200 r/min 
fnidle = 800 r/min 

fntest,alt = 2133 r/min 

(3) For variable-speed engines, trans-
form normalized speeds to reference 
speeds according to paragraph (c) of 

this section by using the measured 
maximum test speed determined ac-
cording to paragraphs (a)(1) and (2) of 
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this section—or use your declared max-
imum test speed, as allowed in 
§ 1065.510. 

(4) For constant-speed engines, trans-
form normalized speeds to reference 
speeds according to paragraph (c) of 
this section by using the measured no- 
load governed speed—or use your de-
clared maximum test speed, as allowed 
in § 1065.510. 

(b) Maximum test torque, Ttest. For con-
stant-speed engines, determine the 
measured Ttest from the torque and 
power-versus-speed maps, generated ac-
cording to § 1065.510, as follows: 

(1) For constant speed engines 
mapped using the methods in 
§ 1065.510(d)(5)(i) or (ii), determine Ttest 
as follows: 

(i) Determine maximum power, Pmax, 
from the engine map generated accord-
ing to § 1065.510 and calculate the value 
for power equal to 98% of Pmax. 

(ii) Determine the lowest and highest 
engine speeds corresponding to 98% of 
Pmax, using linear interpolation, and no 
extrapolation, as appropriate. 

(iii) Determine the engine speed cor-
responding to maximum power, fnPmax, 
by calculating the average of the two 
speed values from paragraph (a)(1)(ii) 
of this section. If there is only one 
speed where power is equal to 98% of 
Pmax, take fnPmax as the speed at which 
Pmax occurs. 

(iv) Transform the map into a nor-
malized power-versus-speed map by di-
viding power terms by Pmax and divid-
ing speed terms by fnPmax. Use Eq. 
1065.610–1 to calculate a quantity rep-
resenting the sum of squares from the 
normalized map. 

(v) Determine the maximum value 
for the sum of the squares from the 
map and multiply that value by 0.98. 

(vi) Determine the lowest and highest 
engine speeds corresponding to the 
value calculated in paragraph (a)(1)(v) 
of this section, using linear interpola-
tion as appropriate. Calculate fntest as 
the average of these two speed values. 
If there is only one speed corresponding 
to the value calculated in paragraph 
(a)(1)(v) of this section, take fntest as the 
speed where the maximum of the sum 
of the squares occurs. 

(vii) The measured Ttest is the mapped 
torque at fntest. 

(2) For constant-speed engines using 
the two-point mapping method in 
§ 1065.510(d)(5)(iii), you may follow 
paragraph (a)(1) of this section to de-
termine the measured Ttest, or you may 
use the measured torque of the second 
point as the measured Ttest directly. 

(3) Transform normalized torques to 
reference torques according to para-
graph (d) of this section by using the 
measured maximum test torque deter-
mined according to paragraph (b)(1) of 
this section—or use your declared max-
imum test torque, as allowed in 
§ 1065.510. 

(c) Generating reference speed values 
from normalized duty cycle speeds. Trans-
form normalized speed values to ref-
erence values as follows: 

(1) % speed. If your normalized duty 
cycle specifies % speed values, use your 
warm idle speed and your maximum 
test speed to transform the duty cycle, 
as follows: 

Example:  
% speed = 85% = 0.85 
fntest = 2364 r/min 
fnidle = 650 r/min 
fnref = 0.85 • (2364¥650) + 650 
fnref = 2107 r/min 

(2) A, B, and C speeds. If your normal-
ized duty cycle specifies speeds as A, B, 

or C values, use your power-versus- 
speed curve to determine the lowest 
speed below maximum power at which 
50% of maximum power occurs. Denote 
this value as nlo. Take nlo to be warm 
idle speed if all power points at speeds 
below the maximum power speed are 
higher than 50% of maximum power. 
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Also determine the highest speed above 
maximum power at which 70% of max-
imum power occurs. Denote this value 
as nhi. If all power points at speeds 
above the maximum power speed are 
higher than 70% of maximum power, 

take nhi to be the declared maximum 
safe engine speed or the declared max-
imum representative engine speed, 
whichever is lower. Use nhi and nlo to 
calculate reference values for A, B, or 
C speeds as follows: 

Example:  
nlo = 1005 r/min 
nhi = 2385 r/min 
fnrefA = 0.25 • (2385¥1005) + 1005 
fnrefB = 0.50 • (2385¥1005) + 1005 
fnrefC = 0.75 • (2385¥1005) + 1005 
fnrefA = 1350 r/min 
fnrefB = 1695 r/min 
fnrefC = 2040 r/min 

(3) Intermediate speed. Based on the 
map, determine maximum torque, Tmax, 
and the corresponding speed, fnTmax, cal-
culated as the average of the lowest 
and highest speeds at which torque is 
equal to 98% of Tmax. Use linear inter-
polation between points to determine 
the speeds where torque is equal to 98% 
of Tmax. Identify your reference inter-
mediate speed as one of the following 
values: 

(i) fnTmax if it is between (60 and 75) % 
of maximum test speed. 

(ii) 60% of maximum test speed if 
fnTmax is less than 60% of maximum test 
speed. 

(iii) 75% of maximum test speed if 
fnTmax is greater than 75% of maximum 
test speed. 

(d) Generating reference torques from 
normalized duty-cycle torques. Trans-
form normalized torques to reference 
torques using your map of maximum 
torque versus speed. 

(1) Reference torque for variable-speed 
engines. For a given speed point, mul-

tiply the corresponding % torque by 
the maximum torque at that speed, ac-
cording to your map. If your engine is 
subject to a reference duty cycle that 
specifies negative torque values (i.e., 
engine motoring), use negative torque 
for those motoring points (i.e., the mo-
toring torque). If you map negative 
torque as allowed under § 1065.510 (c)(2) 
and the low-speed governor activates, 
resulting in positive torques, you may 
replace those positive motoring 
mapped torques with negative values 
between zero and the largest negative 
motoring torque. For both maximum 
and motoring torque maps, linearly in-
terpolate mapped torque values to de-
termine torque between mapped speeds. 
If the reference speed is below the min-
imum mapped speed (i.e., 95% of idle 
speed or 95% of lowest required speed, 
whichever is higher), use the mapped 
torque at the minimum mapped speed 
as the reference torque. The result is 
the reference torque for each speed 
point. 

(2) Reference torque for constant-speed 
engines. Multiply a % torque value by 
your maximum test torque. The result 
is the reference torque for each point. 

(3) Required deviations. We require the 
following deviations for variable-speed 
engines intended primarily for propul-
sion of a vehicle with an automatic 
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transmission where that engine is sub-
ject to a transient duty cycle with idle 
operation. These deviations are in-
tended to produce a more representa-
tive transient duty cycle for these ap-
plications. For steady-state duty cy-
cles or transient duty cycles with no 
idle operation, these requirements do 
not apply. Idle points for steady state 
duty cycles of such engines are to be 
run at conditions simulating neutral or 
park on the transmission. 

(i) Zero-percent speed is the warm 
idle speed measured according to 
§ 1065.510(b)(6) with CITT applied, i.e., 
measured warm idle speed in drive. 

(ii) If the cycle begins with a set of 
contiguous idle points (zero-percent 
speed, and zero-percent torque), leave 
the reference torques set to zero for 
this initial contiguous idle segment. 
This is to represent free idle operation 
with the transmission in neutral or 
park at the start of the transient duty 
cycle, after the engine is started. If the 
initial idle segment is longer than 24 
seconds, change the reference torques 
for the remaining idle points in the ini-
tial contiguous idle segment to CITT 
(i.e., change idle points corresponding 
to 25 seconds to the end of the initial 
idle segment to CITT). This is to rep-
resent shifting the transmission to 
drive. 

(iii) For all other idle points, change 
the reference torque to CITT. This is to 
represent the transmission operating 
in drive. 

(iv) If the engine is intended pri-
marily for automatic transmissions 
with a Neutral-When-Stationary fea-
ture that automatically shifts the 
transmission to neutral after the vehi-
cle is stopped for a designated time and 
automatically shifts back to drive 
when the operator increases demand 
(i.e., pushes the accelerator pedal), 
change the reference torque back to 
zero for idle points in drive after the 
designated time. 

(v) For all points with normalized 
speed at or below zero percent and ref-
erence torque from zero to CITT, set 
the reference torque to CITT. This is to 
provide smoother torque references 
below idle speed. 

(vi) For motoring points, make no 
changes. 

(vii) For consecutive points with ref-
erence torques from zero to CITT that 
immediately follow idle points, change 
their reference torques to CITT. This is 
to provide smooth torque transition 
out of idle operation. This does not 
apply if the Neutral-When-Stationary 
feature is used and the transmission 
has shifted to neutral. 

(viii) For consecutive points with ref-
erence torque from zero to CITT that 
immediately precede idle points, 
change their reference torques to CITT. 
This is to provide smooth torque tran-
sition into idle operation. 

(4) Permissible deviations for any en-
gine. If your engine does not operate 
below a certain minimum torque under 
normal in-use conditions, you may use 
a declared minimum torque as the ref-
erence value instead of any value 
denormalized to be less than the de-
clared value. For example, if your en-
gine is connected to a hydrostatic 
transmission and it has a minimum 
torque even when all the driven hy-
draulic actuators and motors are sta-
tionary and the engine is at idle, then 
you may use this declared minimum 
torque as a reference torque value in-
stead of any reference torque value 
generated under paragraph (d)(1) or (2) 
of this section that is between zero and 
this declared minimum torque. 

(e) Generating reference power values 
from normalized duty cycle powers. 
Transform normalized power values to 
reference speed and power values using 
your map of maximum power versus 
speed. 

(1) First transform normalized speed 
values into reference speed values. For 
a given speed point, multiply the cor-
responding % power by the mapped 
power at maximum test speed, fntest, un-
less specified otherwise by the stand-
ard-setting part. The result is the ref-
erence power for each speed point, Pref. 
Convert these reference powers to cor-
responding torques for operator de-
mand and dynamometer control and 
for duty cycle validation per 1065.514. 
Use the reference speed associated with 
each reference power point for this con-
version. As with cycles specified with 
% torque, linearly interpolate between 
these reference torque values gen-
erated from cycles with % power. 
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(2) Permissible deviations for any en-
gine. If your engine does not operate 
below a certain power under normal in- 
use conditions, you may use a declared 
minimum power as the reference value 
instead of any value denormalized to be 
less than the declared value. For exam-
ple, if your engine is directly con-
nected to a propeller, it may have a 
minimum power called idle power. In 
this case, you may use this declared 
minimum power as a reference power 
value instead of any reference power 
value generated per paragraph (e)(1) of 
this section that is from zero to this 
declared minimum power. 

[73 FR 37324, June 30, 2008, as amended at 73 
FR 59330, Oct. 8, 2008; 75 FR 23045, Apr. 30, 
2010; 76 FR 57453, Sept. 15, 2011; 78 FR 36398, 
June 17, 2013; 79 FR 23783, Apr. 28, 2014; 80 FR 
9118, Feb. 19, 2015; 81 FR 74170, Oct. 25, 2016] 

§ 1065.630 Local acceleration of grav-
ity. 

(a) The acceleration of Earth’s grav-
ity, ag, varies depending on the test lo-
cation. Determine ag at your location 
by entering latitude, longitude, and 
elevation data into the U.S. National 
Oceanographic and Atmospheric Ad-
ministration’s surface gravity pre-
diction Web site at http:// 
www.ngs.noaa.gov/cgi-bin/gravlpdx.prl. 

(b) If the Web site specified in para-
graph (a) of this section is unavailable, 
you may calculate ag for your latitude 
as follows: 

Where: 
θ = Degrees north or south latitude. 
Example: 
θ = 45° 
ag = 9.7803267715 · (1 + 5.2790414 · 10¥3 · sin2 

(45) + 2.32718 · 10¥5 · sin4 (45) + 1.262 · 
10¥7 · sin6 (45) + 7 · 10¥10 · sin8 (45) 

ag = 9.8061992026 m/s 2 

[79 FR 23784, Apr. 28, 2014] 

§ 1065.640 Flow meter calibration cal-
culations. 

This section describes the calcula-
tions for calibrating various flow me-
ters. After you calibrate a flow meter 
using these calculations, use the cal-
culations described in § 1065.642 to cal-
culate flow during an emission test. 
Paragraph (a) of this section first de-
scribes how to convert reference flow 
meter outputs for use in the calibra-
tion equations, which are presented on 

a molar basis. The remaining para-
graphs describe the calibration calcula-
tions that are specific to certain types 
of flow meters. 

(a) Reference meter conversions. The 
calibration equations in this section 
use molar flow rate, ṅref, as a reference 
quantity. If your reference meter out-
puts a flow rate in a different quantity, 
such as standard volume rate, v̇stdref, ac-
tual volume rate, v̇actref, or mass rate, 
ṁref, convert your reference meter out-
put to a molar flow rate using the fol-
lowing equations, noting that while 
values for volume rate, mass rate, pres-
sure, temperature, and molar mass 
may change during an emission test, 
you should ensure that they are as con-
stant as practical for each individual 
set point during a flow meter calibra-
tion: 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00192 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187 E
R

28
A

P
14

.1
43

<
/G

P
H

>

js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



183 

Environmental Protection Agency § 1065.640 

Where: 
ṅref = reference molar flow rate. 
v̇stdref = reference volume flow rate, corrected 

to a standard pressure and a standard 
temperature. 

v̇actref = reference volume flow rate at the ac-
tual pressure and temperature of the 
flow rate. 

ṁref = reference mass flow. 
pstd = standard pressure. 
pact = actual pressure of the flow rate. 

Tstd = standard temperature. 
Tact = actual temperature of the flow rate. 
R = molar gas constant. 
Mmix = molar mass of the flow rate. 

Example 1:  
v̇stdref = 1000.00 ft3/min = 0.471948 m3/s 
pstd = 29.9213 in Hg @32 °F = 101.325 kPa = 

101325 Pa = 101325 kg/(m·s2) 
Tstd = 68.0 °F = 293.15 K 
R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 

(s2·mol·K) 

ṅref = 19.619 mol/s 

Example 2:  

ṁref = 17.2683 kg/min = 287.805 g/s 
Ṁmix = 28.7805 g/mol 

ṅref = 10.0000 mol/s 

(b) PDP calibration calculations. Per-
form the following steps to calibrate a 
PDP flow meter: 

(1) Calculate PDP volume pumped 
per revolution, Vrev, for each restrictor 
position from the mean values deter-
mined in § 1065.340 as follows: 

Where: 
ṅref = mean reference molar flow rate. 
R = molar gas constant. 
T̄in = mean temperature at the PDP inlet. 
P̄in = mean static absolute pressure at the 

PDP inlet. 
f̄nPDP = mean PDP speed. 

Example:  
ṅref = 25.096 mol/s 
R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 

(s2·mol·K) 
T̄in = 299.5 K 
P̄in = 98.290 kPa = 98290 Pa = 98290 kg/(m·s2) 
f̄nPDP = 1205.1 r/min = 20.085 r/s 
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Vrev = 0.03166 m3/r 

(2) Calculate a PDP slip correction 
factor, Ks, for each restrictor position 

from the mean values determined in 
§ 1065.340 as follows: 

Where: 
f̄nPDP = mean PDP speed. 
P̄out = mean static absolute pressure at the 

PDP outlet. 
P̄in = mean static absolute pressure at the 

PDP inlet. 

Example:  
f̄nPDP = 1205.1 r/min = 20.085 r/s 
P̄out = 100.103 kPa 
P̄in = 98.290 kPa 

Ks = 0.006700 s/r 

(3) Perform a least-squares regression 
of Vrev, versus Ks, by calculating slope, 
a1, and intercept, a0, as described in 
§ 1065.602. 

(4) Repeat the procedure in para-
graphs (b)(1) through (3) of this section 
for every speed that you run your PDP. 

(5) The following table illustrates a 
range of typical values for different 
PDP speeds: 

TABLE 1 OF § 1065.640—EXAMPLE OF PDP CALIBRATION DATA 

f̄nPDP 
(revolution/s) 

a1 
(m3/s) 

a0 
(m3/revolution) 

12.6 ................................................................................................................ 0.841 0.056 
16.5 ................................................................................................................ 0.831 ¥0.013 
20.9 ................................................................................................................ 0.809 0.028 
23.4 ................................................................................................................ 0.788 ¥0.061 

(6) For each speed at which you oper-
ate the PDP, use the appropriate re-
gression equation from this paragraph 
(b) to calculate flow rate during emis-
sion testing as described in § 1065.642. 

(c) Venturi governing equations and 
permissible assumptions. This section de-
scribes the governing equations and 
permissible assumptions for cali-

brating a venturi and calculating flow 
using a venturi. Because a subsonic 
venturi (SSV) and a critical-flow ven-
turi (CFV) both operate similarly, 
their governing equations are nearly 
the same, except for the equation de-
scribing their pressure ratio, r (i.e., rSSV 
versus rCFV). These governing equations 
assume one-dimensional isentropic 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00194 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187 E
R

25
O

C
16

.1
70

<
/G

P
H

>
E

R
25

O
C

16
.1

71
<

/G
P

H
>

E
R

25
O

C
16

.1
72

<
/G

P
H

>

js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



185 

Environmental Protection Agency § 1065.640 

inviscid flow of an ideal gas. Paragraph 
(c)(5) of this section describes other as-
sumptions that may apply. If good en-
gineering judgment dictates that you 
account for gas compressibility, you 
may either use an appropriate equation 
of state to determine values of Z as a 
function of measured pressure and tem-
perature, or you may develop your own 
calibration equations based on good en-
gineering judgment. Note that the 
equation for the flow coefficient, Cf, is 
based on the ideal gas assumption that 

the isentropic exponent, γ, is equal to 
the ratio of specific heats, Cp/Cv. If good 
engineering judgment dictates using a 
real gas isentropic exponent, you may 
either use an appropriate equation of 
state to determine values of γ as a func-
tion of measured pressures and tem-
peratures, or you may develop your 
own calibration equations based on 
good engineering judgment. 

(1) Calculate molar flow rate, ṅ, as 
follows: 

Where: 

Cd = discharge coefficient, as determined in 
paragraph (c)(2) of this section. 

Cf = flow coefficient, as determined in 
paragraph (c)(3) of this section. 

At = venturi throat cross-sectional area. 
pin = venturi inlet absolute static pressure. 

Z = compressibility factor. 
Mmix = molar mass of gas mixture. 
R = molar gas constant. 
Tin = venturi inlet absolute temperature. 

(2) Using the data collected in 
§ 1065.340, calculate Cd for each flow 
rate using the following equation: 

Where: 

ṅref = a reference molar flow rate. 

(3) Determine Cf using one of the fol-
lowing methods: 

(i) For CFV flow meters only, deter-
mine CfCFV from the following table 
based on your values for β and γ, using 
linear interpolation to find inter-
mediate values: 

TABLE 2 OF § 1065.640–CfCFV VERSUS β AND γ 

FOR CFV FLOW METERS 

CfCFV 

β 
γexh = 
385 

γdexh = 
γair = 
399 

0.000 0.6822 0.6846 
0.400 0.6857 0.6881 
0.500 0.6910 0.6934 
0.550 0.6953 0.6977 
0.600 0.7011 0.7036 
0.625 0.7047 0.7072 
0.650 0.7089 0.7114 
0.675 0.7137 0.7163 
0.700 0.7193 0.7219 
0.720 0.7245 0.7271 
0.740 0.7303 0.7329 
0.760 0.7368 0.7395 
0.770 0.7404 0.7431 
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TABLE 2 OF § 1065.640–CfCFV VERSUS β AND γ 

FOR CFV FLOW METERS—Continued 

CfCFV 

β 
γexh = 
385 

γdexh = 
γair = 
399 

0.780 0.7442 0.7470 
0.790 0.7483 0.7511 
0.800 0.7527 0.7555 
0.810 0.7573 0.7602 
0.820 0.7624 0.7652 
0.830 0.7677 0.7707 
0.840 0.7735 0.7765 

TABLE 2 OF § 1065.640–CfCFV VERSUS β AND γ 

FOR CFV FLOW METERS—Continued 

CfCFV 

β 
γexh = 
385 

γdexh = 
γair = 
399 

0.850 0.7798 0.7828 

(ii) For any CFV or SSV flow meter, 
you may use the following equation to 
calculate Cf for each flow rate: 

Where: 

γ = isentropic exponent. For an ideal gas, 
this is the ratio of specific heats of the 
gas mixture, Cp/Cv. 

r = pressure ratio, as determined in para-
graph (c)(4) of this section. 

β = ratio of venturi throat to inlet diame-
ters. 

(4) Calculate r as follows: 
(i) For SSV systems only, calculate 

rSSV using the following equation: 

Where: 

ΔpSSV = Differential static pressure; venturi 
inlet minus venturi throat. 

(ii) For CFV systems only, calculate 
rCFV iteratively using the following 
equation: 
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(5) You may apply any of the fol-
lowing simplifying assumptions or de-
velop other values as appropriate for 
your test configuration, consistent 
with good engineering judgment: 

(i) For raw exhaust, diluted exhaust, 
and dilution air, you may assume that 
the gas mixture behaves as an ideal 
gas: Z = 1. 

(ii) For raw exhaust, you may assume 
γ = 1.385. 

(iii) For diluted exhaust and dilution 
air, you may assume γ = 1.399. 

(iv) For diluted exhaust and dilution 
air, you may assume the molar mass of 
the mixture, Mmix, is a function only of 
the amount of water in the dilution air 
or calibration air, as follows: 

Where: 
Mair = molar mass of dry air. 
xH2O = amount of H2O in the dilution air or 

calibration air, determined as described 
in § 1065.645. 

MH2O = molar mass of water. 

Example:  
Mair = 28.96559 g/mol 
xH2O = 0.0169 mol/mol 
MH2O = 18.01528 g/mol 
Mmix = 28.96559 · (1– 0.0169) + 18.01528 · 0.0169 
Mmix = 28.7805 g/mol 

(v) For diluted exhaust and dilution 
air, you may assume a constant molar 
mass of the mixture, Mmix, for all cali-
bration and all testing as long as your 
assumed molar mass differs no more 
than ±1% from the estimated minimum 
and maximum molar mass during cali-
bration and testing. 

You may assume this, using good en-
gineering judgment, if you sufficiently 
control the amount of water in calibra-
tion air and in dilution air or if you re-
move sufficient water from both cali-
bration air and dilution air. The fol-
lowing table gives examples of permis-
sible ranges of dilution air dewpoint 
versus calibration air dewpoint: 

TABLE 3 OF § 1065.640—EXAMPLES OF DILU-
TION AIR AND CALIBRATION AIRDEWPOINTS AT 
WHICH YOU MAY ASSUME A CONSTANT Mmix 

If cali-
bration 
Tdew ( 
°C) is 
. . . 

assume the fol-
lowing constant 
Mmix (g/mol) . . . 

for the following ranges of Tdew 
( °C) during emission tests a 

dry ...... 28.96559 dry to 18 

TABLE 3 OF § 1065.640—EXAMPLES OF DILU-
TION AIR AND CALIBRATION AIRDEWPOINTS AT 
WHICH YOU MAY ASSUME A CONSTANT 
Mmix—Continued 

If cali-
bration 
Tdew ( 
°C) is 
. . . 

assume the fol-
lowing constant 
Mmix (g/mol) . . . 

for the following ranges of Tdew 
( °C) during emission tests a 

0 ......... 28.89263 dry to 21 
5 ......... 28.86148 dry to 22 
10 ....... 28.81911 dry to 24 
15 ....... 28.76224 dry to 26 
20 ....... 28.68685 –8 to 28 
25 ....... 28.58806 12 to 31 
30 ....... 28.46005 23 to 34 

a Range valid for all calibration and emission testing over 
the atmospheric pressure range (80.000 to 103.325) kPa. 

(6) The following example illustrates 
the use of the governing equations to 
calculate Cd of an SSV flow meter at 
one reference flow meter value. Note 
that calculating Cd for a CFV flow 
meter would be similar, except that Cf 
would be determined from Table 2 of 
this section or calculated iteratively 
using values of β and γ as described in 
paragraph (c)(2) of this section. 

Example:  
ṅref = 57.625 mol/s 
Z = 1 
Mmix = 28.7805 g/mol = 0.0287805 kg/mol 
R = 8.314472 J/(mol · K) = 8.314472 (m2 · kg)/(s2 

· mol · K) 
Tin = 298.15 K 
At = 0.01824 m2 
pin = 99.132 kPa = 99132.0 Pa = 99132 kg/(m·s2) 
γ = 1.399 
β = 0.8 
Δp = 2.312 kPa 
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Cf = 0.274 

Cd = 0.982 

(d) SSV calibration. Perform the fol-
lowing steps to calibrate an SSV flow 
meter: 

(1) Calculate the Reynolds number, 
Re#, for each reference molar flow rate, 
ṅref, using the throat diameter of the 
venturi, dt. Because the dynamic vis-

cosity, μ, is needed to compute Re#, you 
may use your own fluid viscosity model 
to determine μ for your calibration gas 
(usually air), using good engineering 
judgment. Alternatively, you may use 
the Sutherland three-coefficient vis-
cosity model to approximate μ, as 
shown in the following sample calcula-
tion for Re#: 

Where, using the Sutherland three- 
coefficient viscosity model: 

Where: 

μ0 = Sutherland reference viscosity. 

T0 = Sutherland reference temperature. 
S = Sutherland constant. 
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TABLE 4 OF § 1065.640—SUTHERLAND THREE-COEFFICIENT VISCOSITY MODEL PARAMETERS 

Gas a 

μ0 T0 S Temperature range within ± 2% 
error b 

Pressure limit b 

kg/(m·s) K K K kPa 

Air ................. 1.716 · 10¥5 273 111 170 to 1900 .............................. ≤ 1800 
CO2 ............... 1.370 · 10¥5 273 222 190 to 1700 .............................. ≤ 3600 
H2 .................. 1.12 · 10¥5 350 1064 360 to 1500 .............................. ≤ 10000 
O2 ................. 1.919 · 10¥5 273 139 190 to 2000 .............................. ≤ 2500 
N2 .................. 1.663 · 10¥5 273 107 100 to 1500 .............................. ≤ 1600 

a Use tabulated parameters only for the pure gases, as listed. Do not combine parameters in calculations to calculate viscos-
ities of gas mixtures. 

b The model results are valid only for ambient conditions in the specified ranges. 

Example:  
μ0 = 1.716 · 10¥5 kg/(m·s) 

T0 = 273 K 
S = 111 K 

μ = 1.838 · 10¥5 kg/(m·s) 
Mmix = 28.7805 g/mol 
ṅref = 57.625 mol/s 

dt = 152.4 mm = 0.1524 m 
Tin = 298.15 K 

Re# = 7.538·108 

(2) Create an equation for Cd as a 
function of Re#, using paired values of 
the two quantities. The equation may 
involve any mathematical expression, 

including a polynomial or a power se-
ries. The following equation is an ex-
ample of a commonly used mathe-
matical expression for relating Cd and 
Re#: 

(3) Perform a least-squares regression 
analysis to determine the best-fit coef-
ficients for the equation and calculate 
SEE as described in § 1065.602. 

(4) If the equation meets the cri-
terion of SEE ≤ 0.5% · Cdmax, you may 

use the equation for the corresponding 
range of Re#, as described in § 1065.642. 

(5) If the equation does not meet the 
specified statistical criterion, you may 
use good engineering judgment to omit 
calibration data points; however you 
must use at least seven calibration 
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data points to demonstrate that you 
meet the criterion. For example, this 
may involve narrowing the range of 
flow rates for a better curve fit. 

(6) Take corrective action if the 
equation does not meet the specified 
statistical criterion even after omit-
ting calibration data points. For exam-
ple, select another mathematical ex-
pression for the Cd versus Re# equation, 
check for leaks, or repeat the calibra-
tion process. If you must repeat the 
calibration process, we recommend ap-
plying tighter tolerances to measure-
ments and allowing more time for 
flows to stabilize. 

(7) Once you have an equation that 
meets the specified statistical cri-
terion, you may use the equation only 
for the corresponding range of Re#. 

(e) CFV calibration. Some CFV flow 
meters consist of a single venturi and 
some consist of multiple venturis, 
where different combinations of 
venturis are used to meter different 
flow rates. For CFV flow meters that 
consist of multiple venturis, either 
calibrate each venturi independently 
to determine a separate discharge coef-
ficient, Cd, for each venturi, or cali-

brate each combination of venturis as 
one venturi. In the case where you cali-
brate a combination of venturis, use 
the sum of the active venturi throat 
areas as At, the square root of the sum 
of the squares of the active venturi 
throat diameters as dt, and the ratio of 
the venturi throat to inlet diameters 
as the ratio of the square root of the 
sum of the active venturi throat diam-
eters (dt) to the diameter of the com-
mon entrance to all the venturis. (D). 
To determine the Cd for a single ven-
turi or a single combination of 
venturis, perform the following steps: 

(1) Use the data collected at each 
calibration set point to calculate an in-
dividual Cd for each point using Eq. 
1065.640–4. 

(2) Calculate the mean and standard 
deviation of all the Cd values according 
to Eqs. 1065.602–1 and 1065.602–2. 

(3) If the standard deviation of all the 
Cd values is less than or equal to 0.3% 
of the mean Cd, use the mean Cd in Eq. 
1065.642–4, and use the CFV only up to 
the highest venturi pressure ratio, r, 
measured during calibration using the 
following equation: 

Where: 

DpCFV = Differential static pressure; venturi 
inlet minus venturi outlet. 

(4) If the standard deviation of all the 
Cd values exceeds 0.3% of the mean Cd, 
omit the Cd value corresponding to the 
data point collected at the highest r 
measured during calibration. 

(5) If the number of remaining data 
points is less than seven, take correc-
tive action by checking your calibra-
tion data or repeating the calibration 
process. If you repeat the calibration 
process, we recommend checking for 
leaks, applying tighter tolerances to 
measurements and allowing more time 
for flows to stabilize. 

(6) If the number of remaining Cd val-
ues is seven or greater, recalculate the 
mean and standard deviation of the re-
maining Cd values. 

(7) If the standard deviation of the re-
maining Cd values is less than or equal 
to 0.3% of the mean of the remaining 
Cd, use that mean Cd in Eq. 1065.642–4, 
and use the CFV values only up to the 
highest r associated with the remain-
ing Cd. 

(8) If the standard deviation of the re-
maining Cd still exceeds 0.3% of the 
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mean of the remaining Cd values, re-
peat the steps in paragraph (e)(4) 
through (8) of this section. 

[79 FR 23785, Apr. 28, 2014, as amended at 81 
FR 74172, Oct. 25, 2016] 

§ 1065.642 PDP, SSV, and CFV molar 
flow rate calculations. 

This section describes the equations 
for calculating molar flow rates from 

various flow meters. After you cali-
brate a flow meter according to 
§ 1065.640, use the calculations described 
in this section to calculate flow during 
an emission test. 

(a) PDP molar flow rate. (1) Based on 
the speed at which you operate the 
PDP for a test interval, select the cor-
responding slope, a1, and intercept, a0, 
as calculated in § 1065.640, to calculate 
PDP molar flow rate,, as follows: 

Where: 

fnPDP = pump speed. 
Vrev = PDP volume pumped per revolution, as 

determined in paragraph (a)(2) of this 
section. 

pin = static absolute pressure at the PDP 
inlet. 

R = molar gas constant. 
Tin = absolute temperature at the PDP inlet. 

(2) Calculate Vrev using the following 
equation: 

pout = static absolute pressure at the 
PDP outlet. 

Example:  
a1 = 0.8405 (m3/s) 
fnPDP = 12.58 r/s 

Pout = 99.950 kPa 
Pin = 98.575 kPa = 98575 Pa = 98575 kg/(m·s2) 
a0 = 0.056 (m3/r) 
R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 

(s2·mol·K) 
Tin = 323.5 K 

ṅ = 29.428 mol/s (b) SSV molar flow rate. Calculate SSV 
molar flow rate, ṅ, as follows: 
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Where: 

Cd = discharge coefficient, as determined 
based on the Cd versus Re# equation in 
§ 1065.640(d)(2). 

Cf = flow coefficient, as determined in 
§ 1065.640(c)(2)(ii). 

At = venturi throat cross-sectional area. 
Pin = static absolute pressure at the venturi 

inlet. 
Z = compressibility factor. 
Mmix = molar mass of gas mixture. 
R = molar gas constant. 
Tin = absolute temperature at the venturi 

inlet. 

Example:  

At = 0.01824 m2 
pin = 99.132 kPa = 99132 Pa = 99132 kg/(m·s2) 
Z = 1 
Mmix = 28.7805 g/mol = 0.0287805 kg/mol 
R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 

(s2·mol·K) 
Tin = 298.15 K 
Re# = 7.232·105 
γ = 1.399 
β = 0.8 
Dp = 2.312 kPa 

Using Eq. 1065.640–7, rssv = 0.997 
Using Eq. 1065.640–6, Cf = 0.274 
Using Eq. 1065.640–5, Cd = 0.990 

ṅ = 58.173 mol/s 
(c) CFV molar flow rate. If you use 

multiple venturis and you calibrate 
each venturi independently to deter-
mine a separate discharge coefficient, 
Cd (or calibration coefficient, Kv), for 
each venturi, calculate the individual 
molar flow rates through each venturi 
and sum all their flow rates to deter-
mine CFV flow rate, ṅ. If you use mul-
tiple venturis and you calibrated 
venturis in combination, calculate ṅ 
using the sum of the active venturi 
throat areas as At, the square root of 

the sum of the squares of the active 
venturi throat diameters as dt, and the 
ratio of the venturi throat to inlet di-
ameters as the ratio of the square root 
of the sum of the active venturi throat 
diameters (dt) to the diameter of the 
common entrance to all the venturis 
(D). 

(1) To calculate ṅ through one ven-
turi or one combination of venturis, 
use its respective mean Cd and other 
constants you determined according to 
§ 1065.640 and calculate ṅ as follows: 

Example:  Cd = 0.985 
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Cf = 0.7219 
At = 0.00456 m2 
pin = 98.836 kPa = 98836 Pa = 98836 kg/(m·s2) 
Z = 1 

Mmix = 28.7805 g/mol = 0.0287805 kg/mol 
R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 

(s2·mol·K) 
Tin = 378.15 K 

ṅ = 33.690 mol/s 

(2) To calculate the molar flow rate 
through one venturi or a combination 
of venturis, you may use its respective 
mean, Kv, and other constants you de-
termined according to § 1065.640 and 

calculate its molar flow rate ṅ during 
an emission test. Note that if you fol-
low the permissible ranges of dilution 
air dewpoint versus calibration air 
dewpoint in Table 3 of § 1065.640, you 
may set Mmix-cal and Mmix equal to 1. Cal-
culate ṅ as follows: 

Where: 

Vstdref = volume flow rate of the standard at 
reference conditions of 293.15 K and 
101.325 kPa. 

Tin-cal = venturi inlet temperature during cali-
bration. 

Pin-cal = venturi inlet pressure during calibra-
tion. 

Mmix-cal = molar mass of gas mixture used dur-
ing calibration. 

Mmix = molar mass of gas mixture during the 
emission test calculated using Eq. 
1065.640–9. 

Example:  
Vstdref = 0.4895 m3 
Tin-cal = 302.52 K 
Pin-cal = 99.654 kPa = 99654 Pa = 99654 kg/(m·s2) 
pin = 98.836 kPa = 98836 Pa = 98836 kg/(m·s2) 
pstd = 101.325 kPa = 101325 Pa = 101325 kg/(m·s2) 
Mmix-cal = 28.9656 g/mol = 0.0289656 kg/mol 
Mmix = 28.7805 g/mol = 0.0287805 kg/mol 
Tin = 353.15 K 
Tstd = 293.15 K 
R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 

(s2·mol·K) 
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ṅ = 16.457 mol/s 

[81 FR 74177, Oct. 25, 2016] 

§ 1065.644 Vacuum-decay leak rate. 
This section describes how to cal-

culate the leak rate of a vacuum-decay 

leak verification, which is described in 
§ 1065.345(e). Use the following equation 
to calculate the leak rate ṅleak, and 
compare it to the criterion specified in 
§ 1065.345(e): 

Where: 
Vvac = geometric volume of the vacuum-side 

of the sampling system. 
R = molar gas constant. 
p2 = vacuum-side absolute pressure at time 

t2. 
T2 = vacuum-side absolute temperature at 

time t2. 
p1 = vacuum-side absolute pressure at time 

t1. 
T1 = vacuum-side absolute temperature at 

time t1. 
t2 = time at completion of vacuum-decay 

leak verification test. 

t1 = time at start of vacuum-decay leak 
verification test. 

Example: 

Vvac = 2.0000 L = 0.00200 m3 
R = 8.314472 J/(mol · K) = 8.314472 (m2 · kg)/(s2 

· mol · K) 
p2 = 50.600 kPa = 50600 Pa = 50600 kg/(m · s2) 
T2 = 293.15 K 
p1 = 25.300 kPa = 25300 Pa = 25300 kg/(m · s2) 
T1 = 293.15 K 
t2 = 10:57:35 a.m. 
t1 = 10:56:25 a.m. 
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[79 FR 23795, Apr. 28, 2014] 

§ 1065.645 Amount of water in an ideal 
gas. 

This section describes how to deter-
mine the amount of water in an ideal 
gas, which you need for various per-
formance verifications and emission 
calculations. Use the equation for the 
vapor pressure of water in paragraph 
(a) of this section or another appro-
priate equation and, depending on 
whether you measure dewpoint or rel-
ative humidity, perform one of the cal-
culations in paragraph (b) or (c) of this 
section. Paragraph (d) of this section 
provides an equation for determining 
dewpoint from relative humidity and 
dry bulb temperature measurements. 
The equations for the vapor pressure of 
water as presented in this section are 
derived from equations in ‘‘Saturation 
Pressure of Water on the New Kelvin 

Temperature Scale’’ (Goff, J.A., Trans-
actions American Society of Heating 
and Air-Conditioning Engineers, Vol. 
63, No. 1607, pages 347–354). Note that 
the equations were originally published 
to derive vapor pressure in units of 
atmospheres and have been modified to 
derive results in units of kPa by con-
verting the last term in each equation. 

(a) Vapor pressure of water. Calculate 
the vapor pressure of water for a given 
saturation temperature condition, Tsat, 
as follows, or use good engineering 
judgment to use a different relation-
ship of the vapor pressure of water to a 
given saturation temperature condi-
tion: 

(1) For humidity measurements made 
at ambient temperatures from (0 to 100) 
°C, or for humidity measurements 
made over super-cooled water at ambi-
ent temperatures from (¥50 to 0) °C, 
use the following equation: 
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(2) For humidity measurements over ice at ambient temperatures from (–100 to 
0) °C, use the following equation: 
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(b) Dewpoint. If you measure humidity as a dewpoint, determine the amount of 
water in an ideal gas, xH20, as follows: 

x
p

pH2O
H2O

abs

= Eq. 1065.645-3

Where: 
xH20 = amount of water in an ideal gas. 
pH20 = water vapor pressure at the measured 

dewpoint, Tsat = Tdew. 
pabs = wet static absolute pressure at the lo-

cation of your dewpoint measurement. 
Example:: 
pabs = 99.980 kPa 
Tsat = Tdew = 9.5 °C 

Using Eq. 1065.645–1, 
pH20 = 1.186581 kPa 
xH2O = 1.186581/99.980 
xH2O = 0.011868 mol/mol 

(c) Relative humidity. If you measure 
humidity as a relative humidity, RH, 
determine the amount of water in an 
ideal gas, xH2O, as follows: 
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Where: 
xH2O = amount of water in an ideal gas. 
RH = relative humidity. 
pH2O = water vapor pressure at 100% relative 

humidity at the location of your relative 
humidity measurement, Tsat = Tamb. 

pabs = wet static absolute pressure at the lo-
cation of your relative humidity meas-
urement. 

Example:  
RH = 50.77% = 0.5077 
pabs = 99.980 kPa 
Tsat = Tamb = 20 °C 

Using Eq. 1065.645–1, 
pH2O = 2.3371 kPa 
xH2O = (0.5077 · 2.3371)/99.980 
xH2O = 0.011868 mol/mol 

(d) Dewpoint determination from rel-
ative humidity and dry bulb temperature. 

This paragraph (d) describes how to 
calculate dewpoint temperature from 
relative humidity, RH. This is based on 
‘‘ITS–90 Formulations for Vapor Pres-
sure, Frostpoint Temperature, Dew-
point Temperature, and Enhancement 
Factors in the Range ¥100 to + 100 °C’’ 
(Hardy, B., The Proceedings of the 
Third International Symposium on Hu-
midity & Moisture, Teddington, Lon-
don, England, April 1998). Calculate 
pH20sat as described in paragraph (a) of 
this section based on setting Tsat equal 
to Tamb. Calculate pH20scaled by multi-
plying pH20sat by RH. Calculate the dew-
point, Tdew, from pH20 using the fol-
lowing equation: 

Where: 

ln(pH2O) = the natural log of pH2Oscaled, which is 
the water vapor pressure scaled to the 
relative humidity at the location of the 
relative humidity measurement, Tsat = 
Tamb 

Example:  
RH = 39.61% = 0.3961 
Tsat = Tamb = 20.00 °C = 293.15K 

Using Eq. 1065.645–1, 
pH2Osat = 2.3371 kPa 
pH2Oscaled = (0.3961 · 2.3371) = 0.925717 kPa = 

925.717 Pa 

[73 FR 37327, June 30, 2008, as amended at 73 
FR 59331, Oct. 8, 2008; 75 FR 23048, Apr. 30, 
2010; 76 FR 57456, Sept. 15, 2011;79 FR 23796, 
Apr. 28, 2014; 81 FR 74179, Oct. 25, 2016] 

§ 1065.650 Emission calculations. 

(a) General. Calculate brake-specific 
emissions over each applicable duty 
cycle or test interval. For test inter-

vals with zero work (or power), cal-
culate the emission mass (or mass 
rate), but do not calculate brake-spe-
cific emissions. For duty cycles with 
multiple test intervals, refer to the 
standard-setting part for calculations 
you need to determine a composite re-
sult, such as a calculation that weights 
and sums the results of individual test 
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intervals in a duty cycle. If the stand-
ard-setting part does not include those 
calculations, use the equations in para-
graph (g) of this section. This section is 
written based on rectangular integra-
tion, where each indexed value (i.e., 
‘‘i’’) represents (or approximates) the 
mean value of the parameter for its re-
spective time interval, delta-t. You 
may also integrate continuous signals 
using trapezoidal integration con-
sistent with good engineering judg-
ment. 

(b) Brake-specific emissions over a test 
interval. We specify three alternative 
ways to calculate brake-specific emis-
sions over a test interval, as follows: 

(1) For any testing, you may cal-
culate the total mass of emissions, as 
described in paragraph (c) of this sec-
tion, and divide it by the total work 
generated over the test interval, as de-
scribed in paragraph (d) of this section, 
using the following equation: 

e
m

W
= Eq. 1065.650-1

Example: 
mNOx = 64.975 g 
W = 25.783 kW · hr 
eNOx = 64.975/25.783 
eNOx = 2.520 g/(kW · hr) 

(2) For discrete-mode steady-state 
testing, you may calculate the brake- 

specific emissions over a test interval 
using the ratio of emission mass rate 
to power, as described in paragraph (e) 
of this section, using the following 
equation: 

e
m

P
=

�
Eq. 1065.650-2

(3) For field testing, you may cal-
culate the ratio of total mass to total 
work, where these individual values are 
determined as described in paragraph 
(f) of this section. You may also use 
this approach for laboratory testing, 
consistent with good engineering judg-
ment. Good engineering judgment dic-
tates that this method not be used if 
there are any work flow paths de-
scribed in § 1065.210 that cross the sys-
tem boundary, other than the primary 
output shaft (crankshaft). This is a 
special case in which you use a signal 
linearly proportional to raw exhaust 

molar flow rate to determine a value 
proportional to total emissions. You 
then use the same linearly propor-
tional signal to determine total work 
using a chemical balance of fuel, in-
take air, and exhaust as described in 
§ 1065.655, plus information about your 
engine’s brake-specific fuel consump-
tion. Under this method, flow meters 
need not meet accuracy specifications, 
but they must meet the applicable lin-
earity and repeatability specifications 
in subpart D or subpart J of this part. 
The result is a brake-specific emission 
value calculated as follows: 

e =
m

W

�
� Eq. 1065.650-3

Example: m̃ = 805.5 g 
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W̃ = 52.102 kW · hr 
eCO = 805.5/52.102 
eCO = 2.520 g/(kW · hr) 

(c) Total mass of emissions over a test 
interval. To calculate the total mass of 
an emission, multiply a concentration 
by its respective flow. For all systems, 
make preliminary calculations as de-
scribed in paragraph (c)(1) of this sec-
tion to correct concentrations. Next, 
use the method in paragraphs (c)(2) 
through (4) of this section that is ap-
propriate for your system. Finally, if 
necessary, calculate the mass of NMHC 
as described in paragraph (c)(5) of this 
section for all systems. Calculate the 
total mass of emissions as follows: 

(1) Concentration corrections. Perform 
the following sequence of preliminary 
calculations on recorded concentra-
tions: 

(i) Correct all gaseous emission ana-
lyzer concentration readings, including 
continuous readings, sample bag read-
ings, and dilution air background read-
ings, for drift as described in § 1065.672. 
Note that you must omit this step 
where brake-specific emissions are cal-
culated without the drift correction for 
performing the drift validation accord-
ing to § 1065.550(b). When applying the 
initial THC and CH4 contamination 
readings according to § 1065.520(f), use 
the same values for both sets of cal-
culations. You may also use as-meas-
ured values in the initial set of calcula-
tions and corrected values in the drift- 
corrected set of calculations as de-
scribed in § 1065.520(f)(7). 

(ii) Correct all THC and CH4 con-
centrations for initial contamination 
as described in § 1065.660(a), including 
continuous readings, sample bags read-
ings, and dilution air background read-
ings. 

(iii) Correct all concentrations meas-
ured on a ‘‘dry’’ basis to a ‘‘wet’’ basis, 
including dilution air background con-
centrations, as described in § 1065.659. 

(iv) Calculate all NMHC and CH4 con-
centrations, including dilution air 

background concentrations, as de-
scribed in § 1065.660. 

(v) For emission testing with an 
oxygenated fuel, calculate any HC con-
centrations, including dilution air 
background concentrations, as de-
scribed in § 1065.665. See subpart I of 
this part for testing with oxygenated 
fuels. 

(vi) Correct all the NOX concentra-
tions, including dilution air back-
ground concentrations, for intake-air 
humidity as described in § 1065.670. 

(2) Continuous sampling. For contin-
uous sampling, you must frequently 
record a continuously updated con-
centration signal. You may measure 
this concentration from a changing 
flow rate or a constant flow rate (in-
cluding discrete-mode steady-state 
testing), as follows: 

(i) Varying flow rate. If you continu-
ously sample from a changing exhaust 
flow rate, time align and then multiply 
concentration measurements by the 
flow rate from which you extracted it. 
Use good engineering judgment to time 
align flow and concentration data to 
match transformation time, t50, to 
within ±1 s. We consider the following 
to be examples of changing flows that 
require a continuous multiplication of 
concentration times molar flow rate: 
Raw exhaust, exhaust diluted with a 
constant flow rate of dilution air, and 
CVS dilution with a CVS flowmeter 
that does not have an upstream heat 
exchanger or electronic flow control. 
This multiplication results in the flow 
rate of the emission itself. Integrate 
the emission flow rate over a test in-
terval to determine the total emission. 
If the total emission is a molar quan-
tity, convert this quantity to a mass 
by multiplying it by its molar mass, M. 
The result is the mass of the emission, 
m. Calculate m for continuous sampling 
with variable flow using the following 
equations: 

m M x n ti i
i

N

= ⋅ ⋅ ⋅
=
∑ � Δ Eq. 1065.650-4

1

Where: 
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Δt f= 1/ Eq. 1065.650-5record

Example: 

MNMHC = 13.875389 g/mol 
N = 1200 
xNMHC1 = 84.5 μmol/mol = 84.5 · 10¥6 mol/mol 
xNMHC2 = 86.0 μmol/mol = 86.0 · 10¥6 mol/mol 
ṅexh1 = 2.876 mol/s 
ṅexh2 = 2.224 mol/s 
frecord = 1 Hz 

Using Eq. 1065.650–5, 

Dt = 1/1 = 1 s 
mNMHC = 13.875389 · (84.5 · 10¥6 · 2.876 + 86.0 · 

10¥6 · 2.224 + ... + xNMHC1200 · ṅexh) · 1 
mNMHC = 25.53 g 

(ii) Constant flow rate. If you continu-
ously sample from a constant exhaust 
flow rate, use the same emission cal-
culations described in paragraph 
(c)(2)(i) of this section or calculate the 
mean or flow-weighted concentration 
recorded over the test interval and 
treat the mean as a batch sample, as 
described in paragraph (c)(3)(ii) of this 
section. We consider the following to 
be examples of constant exhaust flows: 
CVS diluted exhaust with a CVS flow-
meter that has either an upstream heat 
exchanger, electronic flow control, or 
both. 

(3) Batch sampling. For batch sam-
pling, the concentration is a single 
value from a proportionally extracted 
batch sample (such as a bag, filter, im-
pinger, or cartridge). In this case, mul-
tiply the mean concentration of the 
batch sample by the total flow from 
which the sample was extracted. You 
may calculate total flow by integrating 
a changing flow rate or by determining 
the mean of a constant flow rate, as 
follows: 

(i) Varying flow rate. If you collect a 
batch sample from a changing exhaust 
flow rate, extract a sample propor-
tional to the changing exhaust flow 
rate. We consider the following to be 
examples of changing flows that re-
quire proportional sampling: Raw ex-
haust, exhaust diluted with a constant 
flow rate of dilution air, and CVS dilu-
tion with a CVS flowmeter that does 
not have an upstream heat exchanger 
or electronic flow control. Integrate 
the flow rate over a test interval to de-
termine the total flow from which you 
extracted the proportional sample. 

Multiply the mean concentration of 
the batch sample by the total flow 
from which the sample was extracted. 
If the total emission is a molar quan-
tity, convert this quantity to a mass 
by multiplying it by its molar mass, M. 
The result is the mass of the emission, 
m. In the case of PM emissions, where 
the mean PM concentration is already 
in units of mass per mole of sample, 
M̄PM, simply multiply it by the total 
flow. The result is the total mass of 
PM, mPM. Calculate m for batch sam-
pling with variable flow using the fol-
lowing equation: 

m M x n t
i

N

= ⋅ ⋅ ⋅
=
∑ �i Δ Eq. 1065.650-6

1

Example: 

MNOx = 46.0055 g/mol 
N = 9000 
x̄NOx = 85.6 μmol/mol = 85.6 · 10¥6 mol/mol 
ṅdexh1 = 25.534 mol/s 
ṅdexh2 = 26.950 mol/s 
frecord = 5 Hz 

Using Eq. 1065.650–5, 

Dt = 1/5 = 0.2 
mNOx = 46.0055 · 85.6 · 10¥6 · (25.534 + 26.950 + 

... + ṅexh9000) · 0.2 
mNOx = 4.201 g 

(ii) Constant flow rate. If you batch 
sample from a constant exhaust flow 
rate, extract a sample at a propor-
tional or constant flow rate. We con-
sider the following to be examples of 
constant exhaust flows: CVS diluted 
exhaust with a CVS flow meter that 
has either an upstream heat exchanger, 
electronic flow control, or both. Deter-
mine the mean molar flow rate from 
which you extracted the constant flow 
rate sample. Multiply the mean con-
centration of the batch sample by the 
mean molar flow rate of the exhaust 
from which the sample was extracted, 
and multiply the result by the time of 
the test interval. If the total emission 
is a molar quantity, convert this quan-
tity to a mass by multiplying it by its 
molar mass, M. The result is the mass 
of the emission, m. In the case of PM 
emissions, where the mean PM con-
centration is already in units of mass 
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per mole of sample, M̄PM, simply mul-
tiply it by the total flow, and the re-
sult is the total mass of PM, mPM. Cal-
culate m for sampling with constant 
flow using the following equations: 

m M x n t= ⋅ ⋅ ⋅� Δ Eq. 1065.650-7

and for PM or any other analysis of a 
batch sample that yields a mass per 
mole of sample, 

M M x= ⋅ Eq. 1065.650-8
Example: 

M̄PM = 144.0 μg/mol = 144.0 · 10¥6 g/mol 
n̄dexh = 57.692 mol/s 
Dt = 1200 s 
mPM = 144.0 · 10¥6 · 57.692 · 1200 
mPM = 9.9692 g 

(4) Additional provisions for diluted ex-
haust sampling; continuous or batch. The 
following additional provisions apply 
for sampling emissions from diluted ex-
haust: 

(i) For sampling with a constant dilu-
tion ratio, DR, of diluted exhaust 
versus exhaust flow (e.g., secondary di-
lution for PM sampling), calculate m 
using the following equation: 

Example: 

mPMdil = 6.853 g 
DR = 6:1 
mPM = 6.853 · 6 
mPM = 41.118 g 

(ii) For continuous or batch sam-
pling, you may measure background 
emissions in the dilution air. You may 
then subtract the measured back-
ground emissions, as described in 
§ 1065.667. 

(5) Mass of NMHC. Compare the cor-
rected mass of NMHC to corrected 
mass of THC. If the corrected mass of 
NMHC is greater than 0.98 times the 
corrected mass of THC, take the cor-
rected mass of NMHC to be 0.98 times 
the corrected mass of THC. If you omit 
the NMHC calculations as described in 
§ 1065.660(b)(1), take the corrected mass 
of NMHC to be 0.98 times the corrected 
mass of THC. 

(6) Mass of NMNEHC. If the test fuel 
has less than 0.010 mol/mol of ethane 
and you omit the NMNEHC calcula-
tions as described in § 1065.660(c)(1), 
take the corrected mass of NMNEHC to 
be 0.95 times the corrected mass of 
NMHC. 

(d) Total work over a test interval. To 
calculate the total work from the en-
gine over a test interval, add the total 
work from all the work paths described 
in § 1065.210 that cross the system 
boundary including electrical energy/ 

work, mechanical shaft work, and fluid 
pumping work. For all work paths, ex-
cept the engine’s primary output shaft 
(crankshaft), the total work for the 
path over the test interval is the inte-
gration of the net work flow rate 
(power) out of the system boundary. 
When energy/work flows into the sys-
tem boundary, this work flow rate sig-
nal becomes negative; in this case, in-
clude these negative work rate values 
in the integration to calculate total 
work from that work path. Some work 
paths may result in a negative total 
work. Include negative total work val-
ues from any work path in the cal-
culated total work from the engine 
rather than setting the values to zero. 
The rest of this paragraph (d) describes 
how to calculate total work from the 
engine’s primary output shaft over a 
test interval. Before integrating power 
on the engine’s primary output shaft, 
adjust the speed and torque data for 
the time alignment used in § 1065.514(c). 
Any advance or delay used on the feed-
back signals for cycle validation must 
also be used for calculating work. Ac-
count for work of accessories according 
to § 1065.110. Exclude any work during 
cranking and starting. Exclude work 
during actual motoring operation (neg-
ative feedback torques), unless the en-
gine was connected to one or more en-
ergy storage devices. Examples of such 
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energy storage devices include hybrid 
powertrain batteries and hydraulic ac-
cumulators, like the ones illustrated in 
Figure 1 of § 1065.210. Exclude any work 
during reference zero-load idle periods 
(0% speed or idle speed with 0 N · m ref-
erence torque). Note, that there must 
be two consecutive reference zero load 
idle points to establish a period where 
this applies. Include work during idle 
points with simulated minimum torque 
such as Curb Idle Transmissions 
Torque (CITT) for automatic trans-
missions in ‘‘drive’’. The work calcula-
tion method described in paragraphs 
(b)(1) through (7) of this section meets 
these requirements using rectangular 
integration. You may use other logic 
that gives equivalent results. For ex-
ample, you may use a trapezoidal inte-
gration method as described in para-
graph (b)(8) of this section. 

(1) Time align the recorded feedback 
speed and torque values by the amount 
used in § 1065.514(c). 

(2) Calculate shaft power at each 
point during the test interval by multi-
plying all the recorded feedback engine 
speeds by their respective feedback 
torques. 

(3) Adjust (reduce) the shaft power 
values for accessories according to 
§ 1065.110. 

(4) Set all power values during any 
cranking or starting period to zero. See 
§ 1065.525 for more information about 
engine cranking. 

(5) Set all negative power values to 
zero, unless the engine was connected 
to one or more energy storage devices. 
If the engine was tested with an energy 
storage device, leave negative power 
values unaltered. 

(6) Set all power values to zero dur-
ing idle periods with a corresponding 
reference torque of 0 N · m. 

(7) Integrate the resulting values for 
power over the test interval. Calculate 
total work as follows: 

Where: 

W = total work from the primary output 
shaft. 

Pi = instantaneous power from the primary 
output shaft over an interval i. 

Where: 

N = 9000 
ƒn1 = 1800.2 r/min 
ƒn2 = 1805.8 r/min 
T1 = 177.23 N · m 

T2 = 175.00 N · m 
Crev = 2 · π rad/r 
Ct1 = 60 s/min 
Cp = 1000 (N · m · rad/s)/kW 
ƒrecord = 5 Hz 
Ct2 = 3600 s/hr 
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P1 = 33.41 kW 
P2 = 33.09 kW 

Using Eq. 1065.650–5, 

Dt = 1/5 = 0.2 s 

W = 16.875 kW · hr 

(8) You may use a trapezoidal inte-
gration method instead of the rectan-
gular integration described in this 
paragraph (d). To do this, you must in-
tegrate the fraction of work between 
points where the torque is positive. 
You may assume that speed and torque 
are linear between data points. You 
may not set negative values to zero be-
fore running the integration. 

(e) Steady-state mass rate divided by 
power. To determine steady-state 
brake-specific emissions for a test in-
terval as described in paragraph (b)(2) 
of this section, calculate the mean 
steady-state mass rate of the emission, 
mÔ, and the mean steady-state power, P̄ 
as follows: 

(1) To calculate mÔ, multiply its mean 
concentration, x̄, by its corresponding 
mean molar flow rate, nÔ. If the result is 
a molar flow rate, convert this quan-
tity to a mass rate by multiplying it 
by its molar mass, M. The result is the 
mean mass rate of the emission, mÔ. In 
the case of PM emissions, where the 
mean PM concentration is already in 
units of mass per mole of sample, M̄PM, 
simply multiply it by the mean molar 
flow rate, nÔ. The result is the mass rate 
of PM, ṁPM. Calculate mÔ using the fol-
lowing equation: 

� �m M x n= ⋅ ⋅ Eq. 1065.650-12
(2) To calculate an engine’s mean 

steady-state total power, P̄, add the 
mean steady-state power from all the 
work paths described in § 1065.210 that 
cross the system boundary including 
electrical power, mechanical shaft 
power, and fluid pumping power. For 

all work paths, except the engine’s pri-
mary output shaft (crankshaft), the 
mean steady-state power over the test 
interval is the integration of the net 
work flow rate (power) out of the sys-
tem boundary divided by the period of 
the test interval. When power flows 
into the system boundary, the power/ 
work flow rate signal becomes nega-
tive; in this case, include these nega-
tive power/work rate values in the inte-
gration to calculate the mean power 
from that work path. Some work paths 
may result in a negative mean power. 
Include negative mean power values 
from any work path in the mean total 
power from the engine rather than set-
ting these values to zero. The rest of 
this paragraph (e)(2) describes how to 
calculate the mean power from the en-
gine’s primary output shaft. Calculate 
P̄ using Eq. 1065.650–13, noting that P̄, 
f̄n, and T̄ refer to mean power, mean ro-
tational shaft frequency, and mean 
torque from the primary output shaft. 
Account for the power of simulated ac-
cessories according to § 1065.110 (reduc-
ing the mean primary output shaft 
power or torque by the accessory power 
or torque). Set the power to zero dur-
ing actual motoring operation (nega-
tive feedback torques), unless the en-
gine was connected to one or more en-
ergy storage devices. Examples of such 
energy storage devices include hybrid 
powertrain batteries and hydraulic ac-
cumulators, like the ones illustrated in 
Figure 1 of § 1065.210. Set the power to 
zero for modes with a zero reference 
load (0 N·m reference torque or 0 kW 
reference power). Include power during 
idle modes with simulated minimum 
torque or power. 
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(3) Divide emission mass rate by 
power to calculate a brake-specific 
emission result as described in para-
graph (b)(2) of this section. 

(4) The following example shows how 
to calculate mass of emissions using 
mean mass rate and mean power: 

MCO = 28.0101 g/mol 
x̄CO = 12.00 mmol/mol = 0.01200 mol/mol 
nÔ = 1.530 mol/s 
f̄n = 3584.5 r/min = 375.37 rad/s 
T̄ = 121.50 N · m 
mÔ = 28.0101 · 0.01200 · 1.530 
mÔ = 0.514 g/s = 1850.4 g/hr 
P̄ = 121.5 · 375.37 
P̄ = 45607 W 
P̄ = 45.607 kW 
eCO = 1850.4/45.61 
eCO = 40.57 g/(kW · hr) 

(f) Ratio of total mass of emissions to 
total work. To determine brake-specific 
emissions for a test interval as de-
scribed in paragraph (b)(3) of this sec-
tion, calculate a value proportional to 
the total mass of each emission. Divide 
each proportional value by a value that 
is similarly proportional to total work. 

(1) Total mass. To determine a value 
proportional to the total mass of an 
emission, determine total mass as de-
scribed in paragraph (c) of this section, 
except substitute for the molar flow 
rate, ṅ, or the total flow, n, with a sig-
nal that is linearly proportional to 
molar flow rate, nÕ, or linearly propor-
tional to total flow, ñ as follows: 

��
��

m
w

M n x

xfueli
fuel

C i Ccombdryi

H Oexhdryi

Eq= ⋅
⋅ ⋅

+
1

1
1065 65

2

. . 00 14-

(2) Total work. To calculate a value 
proportional to total work over a test 
interval, integrate a value that is pro-
portional to power. Use information 
about the brake-specific fuel consump-
tion of your engine, efuel, to convert a 
signal proportional to fuel flow rate to 
a signal proportional to power. To de-
termine a signal proportional to fuel 
flow rate, divide a signal that is pro-
portional to the mass rate of carbon 
products by the fraction of carbon in 
your fuel, wC. You may use a measured 

wC or you may use default values for a 
given fuel as described in § 1065.655(e). 
Calculate the mass rate of carbon from 
the amount of carbon and water in the 
exhaust, which you determine with a 
chemical balance of fuel, intake air, 
and exhaust as described in § 1065.655. In 
the chemical balance, you must use 
concentrations from the flow that gen-
erated the signal proportional to molar 
flow rate, nÕ, in paragraph (e)(1) of this 
section. Calculate a value proportional 
to total work as follows: 

Where: 
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(3) Brake-specific emissions. Divide the 
value proportional to total mass by the 
value proportional to total work to de-
termine brake-specific emissions, as 
described in paragraph (b)(3) of this 
section. 

(4) Example: The following example 
shows how to calculate mass of emis-
sions using proportional values: 

N = 3000 
ƒrecord = 5 Hz 
efuel = 285 g/(kW·hr) 
wfuel = 0.869 g/g 
MC = 12.0107 g/mol 
nÕ1 = 3.922 mol/s = 14119.2 mol/hr 
xCcombdry1 = 91.634 mmol/mol = 0.091634 mol/mol 
xH2Oexh1 = 27.21 mmol/mol = 0.02721 mol/mol 

Using Eq. 1065.650–5, 
Dt = 0.2 s 

W̃ = 5.09 (kW·hr) 

(g) Brake-specific emissions over a duty 
cycle with multiple test intervals. The 
standard-setting part may specify a 
duty cycle with multiple test intervals, 
such as with discrete-mode steady- 
state testing. Unless we specify other-
wise, calculate composite brake-spe-
cific emissions over the duty cycle as 
described in this paragraph (g). If a 
measured mass (or mass rate) is nega-
tive, set it to zero for calculating com-
posite brake-specific emissions, but 
leave it unchanged for drift validation. 

In the case of calculating composite 
brake-specific emissions relative to a 
combined emission standard (such as a 
NOX + NMHC standard), change any 
negative mass (or mass rate) values to 
zero for a particular pollutant before 
combining the values for the different 
pollutants. 

(1) Use the following equation to cal-
culate composite brake-specific emis-
sions for duty cycles with multiple test 
intervals all with prescribed durations, 
such as cold-start and hot-start tran-
sient cycles: 

e

WF m

WF W

i i
i

N

i i
i

Ncomposite
=1

=1

=
⋅

⋅

∑

∑
Eq. 1065.650-17

Where: 

i = test interval number. 
N = number of test intervals. 
WF = weighting factor for the test interval 

as defined in the standard-setting part. 

m = mass of emissions over the test interval 
as determined in paragraph (c) of this 
section. 

W = total work from the engine over the test 
interval as determined in paragraph (d) 
of this section. 
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Example: 
N = 2 
WF1 = 0.1428 
WF2 = 0.8572 

m1 = 70.125 g 
m2 = 64.975 g 
W1 = 25.783 kW · hr 
W2 = 25.783 kW · hr 

e
xNO composite = ⋅ + ⋅

⋅
( . . ) ( . . )

( . .

0 1428 70 125 0 8572 64 975

0 1428 25 7833 0 8572 25 783) ( . . )+ ⋅

eNOxcomposite = 2.548 g/kW · hr 

(2) Calculate composite brake-spe-
cific emissions for duty cycles with 
multiple test intervals that allow use 
of varying duration, such as discrete- 

mode steady-state duty cycles, as fol-
lows: 

(i) Use the following equation if you 
calculate brake-specific emissions over 
test intervals based on total mass and 
total work as described in paragraph 
(b)(1) of this section: 

e

WF
m

t

WF
W

t

i
i

ii

N

i
i

ii

Ncomposite
=1

=1

=
⋅

⋅

∑

∑
Eq. 1065.650-18

Where: 

i = test interval number. 
N = number of test intervals. 
WF = weighting factor for the test interval 

as defined in the standard-setting part. 
m = mass of emissions over the test interval 

as determined in paragraph (c) of this 
section. 

W = total work from the engine over the test 
interval as determined in paragraph (d) 
of this section. 

t = duration of the test interval. 

Example: 

N = 2 
WF1 = 0.85 
WF2 = 0.15 
m1 = 1.3753 g 
m2 = 0.4135 g 
t1 = 120 s 
t2 = 200 s 
W1 = 2.8375 kW · hr 
W2 = 0.0 kW · hr 

e
xNO composite =

⋅⎛
⎝⎜

⎞
⎠⎟

+ ⋅⎛
⎝⎜

⎞
⎠⎟

0 85
1 3753

120
0 15

0 4135
200

0 8

.
.

.
.

. 55
2 8375

120
0 15

0 0
200

⋅⎛
⎝⎜

⎞
⎠⎟

+ ⋅⎛
⎝⎜

⎞
⎠⎟

.
.

.

eNOxcomposite = 0.5001 g/kW · hr 

(ii) Use the following equation if you 
calculate brake-specific emissions over 

test intervals based on the ratio of 
mass rate to power as described in 
paragraph (b)(2) of this section: 
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Where: 
i = test interval number. 
N = number of test intervals. 
WF = weighting factor for the test interval 

as defined in the standard-setting part. 
mÔ = mean steady-state mass rate of emis-

sions over the test interval as deter-
mined in paragraph (e) of this section. 

P̄ = mean steady-state power over the test 
interval as described in paragraph (e) of 
this section. 

Example:  
N = 2 
WF1 = 0.85 
WF2 = 0.15 
mÔ1 = 2.25842 g/hr 
mÔ2 = 0.063443 g/hr 
P̄1 = 4.5383 kW 
P̄2 = 0.0 kW 

eNOxcomposite = 0.5001 g/kW·hr 

(h) Rounding. Round the final brake- 
specific emission values to be com-
pared to the applicable standard only 
after all calculations are complete (in-
cluding any drift correction, applicable 
deterioration factors, adjustment fac-
tors, and allowances) and the result is 
in g/(kW · hr) or units equivalent to the 
units of the standard, such as g/(hp · 
hr). See the definition of ‘‘Round’’ in 
§ 1065.1001. 

[73 FR 37328, June 30, 2008, as amended at 73 
FR 59332, Oct. 8, 2008; 75 FR 23048, Apr. 30, 
2010; 76 FR 57457, Sept. 15, 2011;79 FR 23799, 
Apr. 28, 2014; 80 FR 9118, Feb. 19, 2015; 81 FR 
74180, Oct. 25, 2016] 

§ 1065.655 Chemical balances of fuel, 
intake air, and exhaust. 

(a) General. Chemical balances of 
fuel, intake air, and exhaust may be 
used to calculate flows, the amount of 
water in their flows, and the wet con-
centration of constituents in their 
flows. With one flow rate of either fuel, 
intake air, or exhaust, you may use 

chemical balances to determine the 
flows of the other two. For example, 
you may use chemical balances along 
with either intake air or fuel flow to 
determine raw exhaust flow. Note that 
chemical balance calculations require 
measured values for the flow rate of 
diesel exhaust fluid, if applicable. 

(b) Procedures that require chemical 
balances. We require chemical balances 
when you determine the following: 

(1) A value proportional to total 
work, W̃, when you choose to deter-
mine brake-specific emissions as de-
scribed in § 1065.650(f). 

(2) Raw exhaust molar flow rate ei-
ther from measured intake air molar 
flow rate or from fuel mass flow rate as 
described in paragraph (f) of this sec-
tion. 

(3) Raw exhaust molar flow rate from 
measured intake air molar flow rate 
and dilute exhaust molar flow rate, as 
described in paragraph (g) of this sec-
tion. 

(4) The amount of water in a raw or 
diluted exhaust flow, cH2Oexh, when you 
do not measure the amount of water to 
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correct for the amount of water re-
moved by a sampling system. Correct 
for removed water according to 
§ 1065.659. 

(5) The calculated total dilution air 
flow when you do not measure dilution 
air flow to correct for background 
emissions as described in § 1065.667(c) 
and (d). 

(c) Chemical balance procedure. The 
calculations for a chemical balance in-
volve a system of equations that re-
quire iteration. We recommend using a 
computer to solve this system of equa-
tions. You must guess the initial val-
ues of up to three quantities: The 
amount of water in the measured flow, 
χH2Oexh, fraction of dilution air in di-
luted exhaust, χdil/exh, and the amount of 
products on a C1 basis per dry mole of 
dry measured flow, χCcombdry. You may 
use time-weighted mean values of com-
bustion air humidity and dilution air 
humidity in the chemical balance; as 
long as your combustion air and dilu-
tion air humidities remain within tol-
erances of ±0.0025 mol/mol of their re-
spective mean values over the test in-
terval. For each emission concentra-
tion, c, and amount of water, χH2Oexh, 
you must determine their completely 
dry concentrations, χdry and χH2Oexhdry. 
You must also use your fuel mixture’s 
atomic hydrogen-to-carbon ratio, α, ox-
ygen-to-carbon ratio, β, sulfur-to-car-
bon ratio, γ, and nitrogen-to-carbon 
ratio, δ, you may optionally account 
for diesel exhaust fluid (or other fluids 
injected into the exhaust), if applica-
ble. You may calculate α, β, γ, and δ; 
based on measured fuel and diesel ex-
haust fluid composition or you may use 
default values as described in para-
graph (e) of this section. Use the fol-
lowing steps to complete a chemical 
balance: 

(1) Convert your measured concentra-
tions such as, xCO2meas, xNOmeas, and 
xH2Oint, to dry concentrations by divid-
ing them by one minus the amount of 
water present during their respective 
measurements; for example: 
xH2OxCO2meas, xH2OxNOmeas, and xH2Oint. If the 
amount of water present during a 
‘‘wet’’ measurement is the same as the 
unknown amount of water in the ex-
haust flow, xH2Oexh, iteratively solve for 
that value in the system of equations. 
If you measure only total NOX and not 

NO and NO2 separately, use good engi-
neering judgment to estimate a split in 
your total NOX concentration between 
NO and NO2 for the chemical balances. 
For example, if you measure emissions 
from a stoichiometric spark-ignition 
engine, you may assume all NOX is NO. 
For a compression-ignition engine, you 
may assume that your molar con-
centration of NOX, xNOx, is 75% NO and 
25% NO2. For NO2 storage 
aftertreatment systems, you may as-
sume xNOx is 25% NO and 75% NO2. Note 
that for calculating the mass of NOX 
emissions, you must use the molar 
mass of NO2 for the effective molar 
mass of all NOX species, regardless of 
the actual NO2 fraction of NOX. 

(2) Enter the equations in paragraph 
(c)(4) of this section into a computer 
program to iteratively solve for xH2Oexh, 
xCcombdry, and xdil/exh. Use good engineer-
ing judgment to guess initial values for 
xH2Oexh, xCcombdry, and xdil/exh. We rec-
ommend guessing an initial amount of 
water that is about twice the amount 
of water in your intake or dilution air. 
We recommend guessing an initial 
value of xCcombdry as the sum of your 
measured CO2, CO, and THC values. We 
also recommend guessing an initial 
xdil/exh between 0.75 and 0.95, such as 0.8. 
Iterate values in the system of equa-
tions until the most recently updated 
guesses are all within ±1% of their re-
spective most recently calculated val-
ues. 

(3) Use the following symbols and 
subscripts in the equations for per-
forming the chemical balance calcula-
tions in this paragraph (c): 

xdil/exh = amount of dilution gas or excess air 
per mole of exhaust. 

xH2Oexh = amount of H2O in exhaust per mole 
of exhaust. 

xCcombdry = amount of carbon from fuel in the 
exhaust per mole of dry exhaust. 

xH2dry = amount of H2 in exhaust per amount 
of dry exhaust. 

KH2Ogas = water-gas reaction equilibrium coef-
ficient. You may use 3.5 or calculate 
your own value using good engineering 
judgment. 

xH2Oexhdry = amount of H2O in exhaust per dry 
mole of dry exhaust. 

xprod/intdry = amount of dry stoichiometric 
products per dry mole of intake air. 

xdil/exhdry = amount of dilution gas and/or ex-
cess air per mole of dry exhaust. 
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xint/exhdry = amount of intake air required to 
produce actual combustion products per 
mole of dry (raw or diluted) exhaust. 

xraw/exhdry = amount of undiluted exhaust, 
without excess air, per mole of dry (raw 
or diluted) exhaust. 

xO2int = amount of intake air O2 per mole of 
intake air. 

xCO2intdry = amount of intake air CO2 per mole 
of dry intake air. You may use cCO2intdry = 
375 μmol/mol, but we recommend meas-
uring the actual concentration in the in-
take air. 

xH2Ointdry = amount of intake air H2O per mole 
of dry intake air. 

xCO2int = amount of intake air CO2 per mole of 
intake air. 

xCO2dil = amount of dilution gas CO2 per mole 
of dilution gas. 

xCO2dildry = amount of dilution gas CO2 per 
mole of dry dilution gas. If you use air as 
diluent, you may use cCO2dildry = 375 μmol/ 
mol, but we recommend measuring the 
actual concentration in the intake air. 

xH2Odildry = amount of dilution gas H2O per 
mole of dry dilution gas. 

xH2Odil = amount of dilution gas H2O per mole 
of dilution gas. 

x[emission]meas = amount of measured emission in 
the sample at the respective gas ana-
lyzer. 

x[emission]dry = amount of emission per dry mole 
of dry sample. 

xH2O[emission]meas = amount of H2O in sample at 
emission-detection location. Measure or 
estimate these values according to 
§ 1065.145(e)(2). 

xH2Oint = amount of H2O in the intake air, 
based on a humidity measurement of in-
take air. 

α = atomic hydrogen-to-carbon ratio of the 
fuel (or mixture of test fuels) and any in-
jected fluids. 

β = atomic oxygen-to-carbon ratio of the fuel 
(or mixture of test fuels) and any in-
jected fluids. 

γ = atomic sulfur-to-carbon ratio of the fuel 
(or mixture of test fuels) and any in-
jected fluids. 

δ = atomic nitrogen-to-carbon ratio of the 
fuel (or mixture of test fuels) and any in-
jected fluids. 

(4) Use the following equations to 
iteratively solve for xdil/exh, xH2Oexh, and 
xCcombdry: 

x
x

xdil exh/ = −1 raw/exhdry

H2Oexhdry1+
Eq. 1065.655-1

x
x

xH Oexh
H Oexhdry

H Oexhdry

Eq2
2

21
=

+
. 1065.655-2

x x x x x x xCcombdry CO dry COdry THCdry CO dil dil exhdry CO= + + − ⋅ −2 2 2/ innt int/⋅ x exhdry Eq. 1065.655-3

x
x x x x

K x
H2dry

COdry H2Oexhdry H2Odil dil/exhdry

H2O CO

=
⋅ − ⋅( )

⋅-gas 22dry CO2dil dil/exhdry− ⋅( )x x
Eq. 1065.655-4

x x x x x xH Oexhdry Ccombdry THCdry H Odil dil exhdry H O2 2 22
= −( ) + ⋅ +

/ innt int/⋅ −x xexhdry H2dry Eq. 1065.655-5

x
x

xdil exhdry
dil exh

H Oexh
/

/=
−1 2

Eq. 1065.655-6

x
x

x x xint/
int

exhdry
O

Ccombdry THCdry C=
⋅

− + +⎛
⎝⎜

⎞
⎠⎟

−( ) −1

2 2
2 2

2


  OOdry NOdry NO dry− − +( )⎛

⎝
⎜

⎞
⎠
⎟x x x2 2 H2dry Eq. 1065.655-7

x x x x xraw exhdry Ccombdry THCdry THCdry CO/ = + +⎛
⎝⎜

⎞
⎠⎟

−( ) + +1

2 2
2


  ddry NO dry exhdry− +( )⎛

⎝
⎜

⎞
⎠
⎟ +x x x2 H2dry int/ Eq. 1065.655-8

x
x

xO
CO

H O
2

2

2

0 209820

1int

.
=

−
+

intdry

intdry

Eq. 1065.655-9
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x
x

xCO
CO

H O
2

2

21int =
+

intdry

intdry

Eq. 1065.655-10

x
x

xH O
H O

H O
2

2

21intdry Eq. 1065.655-11=
−

int

int

x
x

xCO dil
CO

H O
2

2

21
=

+
dildry

dildry

Eq. 1065.655-12

x
x

xH Odildry
H Odil

H Odil
2

2

21
=

−
Eq. 1065.655-13

x
x

xCOdry
COmeas

H OCOmeas

=
−1 2

Eq. 1065.655-14

x
x

xCO dry
CO meas

H OCO meas
2

2

2 21
=

−
Eq. 1065.655-15

x
x

xNOdry
NOmeas

H ONOmeas

=
−1 2

Eq. 1065.655-16

x
x

xNO dry
NO meas

H ONO meas
2

2

2 21
=

−
Eq. 1065.655-17

x
x

xTHCdry
THCmeas

H OTHCmeas

=
−1 2

Eq. 1065.655-18

(5) The following example is a solu-
tion for xdil/exh,x, xH2Oexh, and xCcombdry 

using the equations in paragraph (c)(4) 
of this section: 
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α = 1.8 
β = 0.05 
γ = 0.0003 
δ = 0.0001 

(d) Carbon mass fraction of fuel. Deter-
mine carbon mass fraction of fuel, wC, 
based on the fuel properties as deter-
mined in paragraph (e) of this section, 
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accounting for diesel exhaust fluid’s 
contribution to α, β, γ, and δ, or that of 
any other fluid injected into the ex-

haust, if applicable. Calculate wC using 
the following equation: 

Where: 
wC = carbon mass fraction of the fuel (or 

mixture of test fuels) and any injected 
fluids. 

MC = molar mass of carbon. 
α = atomic hydrogen-to-carbon ratio of the 

fuel (or mixture of test fuels) and any in-
jected fluids. 

MH = molar mass of hydrogen. 
β = atomic oxygen-to-carbon ratio of the fuel 

(or mixture of test fuels) and any in-
jected fluids. 

MO = molar mass of oxygen. 
γ = atomic sulfur-to-carbon ratio of the fuel 

(or mixture of test fuels) and any in-
jected fluids. 

MS = molar mass of sulfur. 
δ = atomic nitrogen-to-carbon ratio of the 

fuel (or mixture of test fuels) and any in-
jected fluids. 

MN = molar mass of nitrogen. 

Example:  
α = 1.8 
β = 0.05 
γ = 0.0003 
δ = 0.0001 
MC = 12.0107 
MH = 1.00794 
MO = 15.9994 
MS = 32.065 
MN = 14.0067 

wC = 0.8206 

(e) Fuel and diesel exhaust fluid com-
position. Determine fuel and diesel ex-
haust fluid composition represented by 
α, β, γ, and δ as described in this para-
graph (e). When using measured fuel or 
diesel exhaust fluid properties, you 
must determine values for α and β; in 
all cases. If you determine composi-
tions based on measured values and the 
default value listed in Table 1 of this 
section is zero, you may set γ and δ to 
zero; otherwise determine γ and δ 

(along with α and β) based on measured 
values. Determine elemental mass frac-
tions and values for α, β, γ, and δ as fol-
lows: 

(1) For liquid fuels, use the default 
values for α, β, γ, and δ in Table 1 of 
this section or determine mass frac-
tions of liquid fuels for calculation of 
α, β, γ, and δ as follows: 

(i) Determine the carbon and hydro-
gen mass fractions according to ASTM 

D5291 (incorporated by reference in 
§ 1065.1010). When using ASTM D5291 to 
determine carbon and hydrogen mass 
fractions of gasoline (with or without 
blended ethanol), use good engineering 
judgment to adapt the method as ap-
propriate. This may include consulting 
with the instrument manufacturer on 
how to test high-volatility fuels. Allow 
the weight of volatile fuel samples to 
stabilize for 20 minutes before starting 
the analysis; if the weight still drifts 
after 20 minutes, prepare a new sample. 
Retest the sample if the carbon, hydro-
gen, and oxygen mass fractions do not 
add up to a total mass of 100 ±0.5%; if 
you do not measure oxygen, you may 
assume it has a zero concentration for 
this specification. 

(ii) Determine oxygen mass fraction 
of gasoline (with or without blended 
ethanol) according to ASTM D5599 (in-
corporated by reference in § 1065.1010). 
For all other liquid fuels, determine 
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the oxygen mass fraction using good 
engineering judgment. 

(iii) Determine the nitrogen mass 
fraction according to ASTM D4629 or 
ASTM D5762 (incorporated by reference 
in § 1065.1010) for all liquid fuels. Select 
the correct method based on the ex-
pected nitrogen content. 

(iv) Determine the sulfur mass frac-
tion according to subpart H of this 
part. 

(2) For gaseous fuels and diesel ex-
haust fluid, use the default values for 
α, β, γ, and δ in Table 1 of this section, 
or use good engineering judgment to 
determine those values based on meas-
urement. 

(3) For nonconstant fuel mixtures, 
you must account for the varying pro-
portions of the different fuels. This 
generally applies for dual-fuel engines, 

but it also applies if diesel exhaust 
fluid is injected in a way that is not 
strictly proportional to fuel flow. Ac-
count for these varying concentrations 
either with a batch measurement that 
provides averaged values to represent 
the test interval, or by analyzing data 
from continuous mass rate measure-
ments. Application of average values 
from a batch measurement generally 
applies to situations where one fluid is 
a minor component of the total fuel 
mixture, for example dual-fuel engines 
with diesel pilot injection, where the 
diesel pilot fuel mass is less than 5% of 
the total fuel mass and diesel exhaust 
fluid injection; consistent with good 
engineering judgment. 

(4) Calculate α, β, γ, and δ using the 
following equations: 
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Where: 

M = total number of fuels and injected fluids 
over the duty cycle. 

j = an indexing variable that represents one 
fuel or injected fluid, starting with j = 1. 

ṁj = the mass flow rate of the fuel or any in-
jected fluid j. For applications using a 
single fuel and no DEF fluid, set this 
value to 1. For batch measurements, di-
vide the total mass of fuel over the test 
interval duration to determine a mass 
rate. 

WHj = hydrogen mass fraction of fuel or any 
injected fluid j. 

WCj = carbon mass fraction of fuel or any in-
jected fluid j. 

WOj = oxygen mass fraction of fuel or any in-
jected fluid j. 

WSj = sulfur mass fraction of fuel or any in-
jected fluid j. 

WNj = nitrogen mass fraction of fuel or any 
injected fluid j. 

Example:  
N = 1 
j = 1 
ṁj = 1 
WHj = 0.1239 
WCj = 0.8206 
WOj = 0.0547 
WSj = 0.00066 
WNj = 0.000095 
MC = 12.0107 
MH = 1.00794 
MO = 15.9994 
MS = 32.065 
MN = 14.0067 

α = 1.799 
β = 0.05004 

γ = 0.0003012 
δ = 0.0001003 

TABLE 1 OF § 1065.655—DEFAULT VALUES OF α, β, γ, δ, AND WC 

Fuel or injected fluid 

Atomic hydrogen, 
oxygen, sulfur, and 

nitrogen-to-carbon ratios 
CHaObSgNd 

Carbon mass 
fraction, WC 

g/g 

Gasoline ...................................................................................................... CH1.85O0S0N0 ................................... 0.866 
E10 Gasoline ............................................................................................... CH1.92O0.03S0N0 ............................... 0.833 
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TABLE 1 OF § 1065.655—DEFAULT VALUES OF α, β, γ, δ, AND WC—Continued 

Fuel or injected fluid 

Atomic hydrogen, 
oxygen, sulfur, and 

nitrogen-to-carbon ratios 
CHaObSgNd 

Carbon mass 
fraction, WC 

g/g 

E15 Gasoline ............................................................................................... CH1.95O0.05S0N0 ............................... 0.817 
E85 Gasoline ............................................................................................... CH2.73O0.38S0N0 ............................... 0.576 
E100 Ethanol ............................................................................................... CH3O0.5S0N0 .................................... 0.521 
M100 Methanol ........................................................................................... CH4O1S0N0 ...................................... 0.375 
#1 Diesel ..................................................................................................... CH1.93O0S0N0 ................................... 0.861 
#2 Diesel ..................................................................................................... CH1.80O0S0N0 ................................... 0.869 
Liquefied petroleum gas .............................................................................. CH2.64O0S0N0 ................................... 0.819 
Natural gas .................................................................................................. CH3.78 O0.016S0N0 ............................. 0.747 
Residual fuel blends .................................................................................... Must be determined by measured fuel properties as 

described in paragraph (d)(1) of this section. 

Diesel exhaust fluid ..................................................................................... CH17.85O7.92S0N2 .............................. 0.065 

(f) Calculated raw exhaust molar flow 
rate from measured intake air molar flow 
rate or fuel mass flow rate. You may cal-
culate the raw exhaust molar flow rate 
from which you sampled emissions, 
ṅexh, based on the measured intake air 
molar flow rate, ṅint, or the measured 
fuel mass flow rate, ṁfuel, and the val-
ues calculated using the chemical bal-
ance in paragraph (c) of this section. 
The chemical balance must be based on 
raw exhaust gas concentrations. Solve 
for the chemical balance in paragraph 
(c) of this section at the same fre-
quency that you update and record or 
ṅint or ṁfuel. For laboratory tests, calcu-
lating raw exhaust molar flow rate 
using measured fuel mass flow rate is 
valid only for steady-state testing. See 
§ 1065.915(d)(5)(iv) for application to 
field testing. 

(1) Crankcase flow rate. If engines are 
not subject to crankcase controls 
under the standard-setting part, you 
may calculate raw exhaust flow based 
on ṅint or ṁfuel using one of the fol-
lowing: 

(i) You may measure flow rate 
through the crankcase vent and sub-
tract it from the calculated exhaust 
flow. 

(ii) You may estimate flow rate 
through the crankcase vent by engi-
neering analysis as long as the uncer-
tainty in your calculation does not ad-
versely affect your ability to show that 
your engines comply with applicable 
emission standards. 

(iii) You may assume your crankcase 
vent flow rate is zero. 

(2) Intake air molar flow rate calcula-
tion. Calculate ṅexh based on ṅint using 
the following equation: 

Where: 

ṅexh = raw exhaust molar flow rate from 
which you measured emissions. 

ṅint = intake air molar flow rate including 
humidity in intake air. 

Example: 

ṅint = 3.780 mol/s 
xint/exhdry = 0.69021 mol/mol 
xraw/exhdry = 1.10764 mol/mol 
xH20exhdry = 107.64 mmol/mol = 0.10764 mol/mol 
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(3) Fluid mass flow rate calculation. 
This calculation may be used only for 
steady-state laboratory testing. See 

§ 1065.915(d)(5)(iv) for application to 
field testing. Calculate ṅexh based on 
using the following equation: 

Where: 
ṅexh = raw exhaust molar flow rate from 

which you measured emissions. 
N = total number of fuels and injected fluids 

over the duty cycle. 
j = an indexing variable that represents one 

fuel or injected fluid, starting with j = 1. 
ṁj = the mass flow rate of the fuel or any in-

jected fluid j. 

Example:  
N = 1 
j = 1 
ṁj = 7.559 g/s 
wC = 0.869 g/g 
MC = 12.0107 g/mol 
χCcombdry = 99.87 mmol/mol = 0.09987 mol/mol 
χH20exhdry = 107.64 mmol/mol = 0.10764 mol/mol 
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ṅexh = 6.066 mol/s 

(g) Calculated raw exhaust molar flow 
rate from measured intake air molar flow 
rate, dilute exhaust molar flow rate, and 
dilute chemical balance. You may cal-
culate the raw exhaust molar flow rate, 
ṅexh, based on the measured intake air 
molar flow rate, ṅint, the measured di-
lute exhaust molar flow rate, ṅdexh, and 
the values calculated using the chem-
ical balance in paragraph (c) of this 
section. Note that the chemical bal-
ance must be based on dilute exhaust 
gas concentrations. For continuous- 
flow calculations, solve for the chem-
ical balance in paragraph (c) of this 
section at the same frequency that you 

update and record ṅint and ṅdexh. This 
calculated ṅexh may be used for the PM 
dilution ratio verification in § 1065.546; 
the calculation of dilution air molar 
flow rate in the background correction 
in § 1065.667; and the calculation of 
mass of emissions in § 1065.650(c) for 
species that are measured in the raw 
exhaust. 

(1) Crankcase flow rate. If engines are 
not subject to crankcase controls 
under the standard-setting part, cal-
culate raw exhaust flow as described in 
paragraph (e)(1) of this section. 

(2) Dilute exhaust and intake air molar 
flow rate calculation. Calculate ṅexh as 
follows: 

Example: 
ṅint = 7.930 mol/s 
xraw/exhdry = 0.1544 mol/mol 
xint/exhdry = 0.1451 mol/mol 
xH20/exh = 32.46 mmol/mol = 0.03246 mol/mol 
ṅdexh = 49.02 mol/s 
ṅexh = (0.1544 ¥ 0.1451) · (1 ¥ 0.03246) · 49.02 + 

7.930 = 0.4411 + 7.930 = 8.371 mol/s 

[73 FR 37331, June 30, 2008, as amended at 73 
FR 59334, Oct. 8, 2008; 75 FR 23051, Apr. 30, 
2010; 76 FR 57458, Sept. 15, 2011; 79 FR 23799, 
Apr. 28, 2014; 81 FR 74182, Oct. 25, 2016] 

§ 1065.659 Removed water correction. 
(a) If you remove water upstream of 

a concentration measurement, x, cor-
rect for the removed water. Perform 
this correction based on the amount of 
water at the concentration measure-
ment, xH2O[emission]meas, and at the flow 
meter, xH2Oexh, whose flow is used to de-
termine the mass emission rate or 
total mass over a test interval. For 
continuous analyzers downstream of a 
sample dryer for transient and ramped- 
modal cycles, you must apply this cor-
rection on a continuous basis over the 
test interval, even if you use one of the 
options in § 1065.145(e)(2) that results in 
a constant value for xH2O[emission]meas be-
cause xH2Oexh varies over the test inter-
val. For batch analyzers, determine the 
flow-weighted average based on the 

continuous xH2Oexh values determined as 
described in paragraph (c) of this sec-
tion. For batch analyzers, you may de-
termine the flow-weighted average 
xH2Oexh based on a single value of xH2Oexh 
determined as described in paragraphs 
(c)(2) and (3) of this section, using flow- 
weighted average or batch concentra-
tion inputs. 

(b) Determine the amount of water 
remaining downstream of a sample 
dryer and at the concentration meas-
urement using one of the methods de-
scribed in § 1065.145(e)(2). If you use a 
sample dryer upstream of an analyzer 
and if the calculated amount of water 
remaining downstream of the sample 
dryer and at the concentration meas-
urement, xH2O[emission]meas, is higher than 
the amount of water at the flow meter, 
xH2Oexh, set xH2O[emission]meas equal to 
xH2Oexh. If you use a sample dryer up-
stream of storage media, you must be 
able to demonstrate that the sample 
dryer is removing water continuously 
(i.e., xH2Oexh is higher than xH2O[emission]meas 
throughout the test interval). 

(c) For a concentration measurement 
where you did not remove water, you 
may set xH2O[emission]meas equal to xH2Oexh. 
You may determine the amount of 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00229 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187 E
R

28
A

P
14

.0
52

<
/G

P
H

>

js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



220 

40 CFR Ch. I (7–1–18 Edition) § 1065.660 

water at the flow meter, xH2Oexh, using 
any of the following methods: 

(1) Measure the dewpoint and abso-
lute pressure and calculate the amount 
of water as described in § 1065.645. 

(2) If the measurement comes from 
raw exhaust, you may determine the 
amount of water based on intake-air 
humidity, plus a chemical balance of 
fuel, intake air, and exhaust as de-
scribed in § 1065.655. 

(3) If the measurement comes from 
diluted exhaust, you may determine 
the amount of water based on intake- 
air humidity, dilution air humidity, 
and a chemical balance of fuel, intake 
air, and exhaust as described in 
§ 1065.655. 

(d) Perform a removed water correc-
tion to the concentration measurement 
using the following equation: 

[73 FR 37335, June 30, 2008, as amended at 76 
FR 57462, Sept. 15, 2011; 79 FR 23804, Apr. 28, 
2014] 

§ 1065.660 THC, NMHC, NMNEHC, CH4, 
and C2H6 determination. 

(a) THC determination and initial THC/ 
CH4 contamination corrections. (1) If we 

require you to determine THC emis-
sions, calculate xTHC[THC-FID]cor using the 
initial THC contamination concentra-
tion xTHC[THC-FID]init from § 1065.520 as fol-
lows: 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00230 Fmt 8010 Sfmt 8006 Y:\SGML\244187.XXX 244187 E
R

28
A

P
14

.0
53

<
/G

P
H

>
E

R
15

S
E

11
.0

58
<

/G
P

H
>

js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



221 

Environmental Protection Agency § 1065.660 

Example: 
xTHCuncor = 150.3 μmol/mol 
xTHCinit = 1.1 μmol/mol 
xTHCcor = 150.3—1.1 
xTHCcor = 149.2 μmol/mol 

(2) For the NMHC determination de-
scribed in paragraph (b) of this section, 
correct xTHC[THC-FID] for initial THC con-
tamination using Eq. 1065.660–1. You 
may correct xTHC[NMC-FID] for initial con-
tamination of the CH4 sample train 
using Eq. 1065.660–1, substituting in CH4 
concentrations for THC. 

(3) For the NMNEHC determination 
described in paragraph (c) of this sec-
tion, correct xTHC[THC-FID] for initial THC 
contamination using Eq. 1065.660–1. You 
may correct xTHC[NMC-FID] for initial con-
tamination of the CH4 sample train 
using Eq. 1065.660–1, substituting in CH4 
concentrations for THC. 

(4) For the CH4 determination de-
scribed in paragraph (d) of this section, 
you may correct xTHC[NMC–FID] for initial 
THC contamination of the CH4 sample 
train using Eq. 1065.660–1, substituting 
in CH4 concentrations for THC. 

(b) NMHC determination. Use one of 
the following to determine NMHC con-
centration, xNMHC: 

(1) If you do not measure CH4, you 
may omit the calculation of NMHC 
concentrations and calculate the mass 
of NMHC as described in § 1065.650(c)(5). 

(2) For nonmethane cutters, cal-
culate xNMHC using the nonmethane 
cutter’s penetration fraction (PF) of 
CH4 and the response factor penetra-
tion fraction (RFPF) of C2H6 from 
§ 1065.365, the response factor (RF) of 
the THC FID to CH4 from § 1065.360, the 
initial THC contamination and dry-to- 
wet corrected THC concentration 
xTHC[THC-FID]cor as determined in para-
graph (a) of this section, and the dry- 
to-wet corrected CH4 concentration 
xTHC[NMC-FID]cor optionally corrected for 
initial THC contamination as deter-
mined in paragraph (a) of this section. 

(i) Use the following equation for 
penetration fractions determined using 
an NMC configuration as outlined in 
§ 1065.365(d): 

Where: 

xNMHC = concentration of NMHC. 
xTHC[THC-FID]cor = concentration of THC, initial 

THC contamination and dry-to-wet cor-
rected, as measured by the THC FID dur-
ing sampling while bypassing the NMC. 

xTHC[NMC-FID]cor = concentration of THC, initial 
THC contamination (optional) and dry- 
to-wet corrected, as measured by the 
NMC FID during sampling through the 
NMC. 

RFCH4[THC-FID] = response factor of THC FID to 
CH4, according to § 1065.360(d). 

RFPFC2H6[NMC-FID] = nonmethane cutter com-
bined ethane response factor and pene-
tration fraction, according to 
§ 1065.365(d). 

Example: 

xTHC[THC-FID]cor = 150.3 μmol/mol 
xTHC[NMC-FID]cor = 20.5 μmol/mol 
RFPFC2H6[NMC-FID] = 0.019 
RFCH4[THC-FID] = 1.05 

xNMHC = 131.4 μmol/mol 

(ii) For penetration fractions deter-
mined using an NMC configuration as 

outlined in section § 1065.365(e), use the 
following equation: 
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Where: 

xNMHC = concentration of NMHC. 
xTHC[THC-FID]cor = concentration of THC, initial 

THC contamination and dry-to-wet cor-
rected, as measured by the THC FID dur-
ing sampling while bypassing the NMC. 

PFCH4[NMC-FID] = nonmethane cutter CH4 pene-
tration fraction, according to 
§ 1065.365(e). 

xTHC[NMC-FID]cor = concentration of THC, initial 
THC contamination (optional) and dry- 

to-wet corrected, as measured by the 
THC FID during sampling through the 
NMC. 

PFC2H6[NMC-FID] = nonmethane cutter ethane 
penetration fraction, according to 
§ 1065.365(e). 

Example: 

xTHC[THC-FID]cor = 150.3 μmol/mol 
PFCH4[NMC-FID] = 0.990 
xTHC[NMC-FID]cor = 20.5 μmol/mol 
PFC2H6[NMC-FID] = 0.020 

xNMHC = 132.3 μmol/mol 

(iii) For penetration fractions deter-
mined using an NMC configuration as 

outlined in section § 1065.365(f), use the 
following equation: 

Where: 
xNMHC = concentration of NMHC. 
xTHC[THC-FID]cor = concentration of THC, initial 

THC contamination and dry-to-wet cor-
rected, as measured by the THC FID dur-
ing sampling while bypassing the NMC. 

PFCH4[NMC-FID] = nonmethane cutter CH4 pene-
tration fraction, according to § 1065.365(f). 

xTHC[NMC-FID]cor = concentration of THC, initial 
THC contamination (optional) and dry- 
to-wet corrected, as measured by the 
THC FID during sampling through the 
NMC. 

RFPFC2H6[NMC-FID] = nonmethane cutter CH4 
combined ethane response factor and 
penetration fraction, according to 
§ 1065.365(f). 

RFCH4[THC-FID] = response factor of THC FID to 
CH4, according to § 1065.360(d). 

Example: 

xTHC[THC-FID]cor = 150.3 μmol/mol 
PFCH4[NMC-FID] = 0.990 
xTHC[NMC-FID]cor = 20.5 μmol/mol 
RFPFC2H6[NMC-FID] = 0.019 
RFCH4[THC-FID] = 0.980 
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xNMHC = 132.5 μmol/mol 

(3) For a GC–FID or FTIR, calculate 
xNMHC using the THC analyzer’s re-
sponse factor (RF) for CH4, from 

§ 1065.360, and the initial THC contami-
nation and dry-to-wet corrected THC 
concentration xTHC[THC–FID]cor as deter-
mined in paragraph (a) of this section 
as follows: 

Where: 
xNMHC = concentration of NMHC. 
xTHC[THC–FID]cor = concentration of THC, initial 

THC contamination and dry-to-wet cor-
rected, as measured by the THC FID. 

RFCH4[THC–FID] = response factor of THC–FID 
to CH4. 

xCH4 = concentration of CH4, dry-to-wet cor-
rected, as measured by the GC–FID or 
FTIR. 

Example:  
xTHC[THC–FID]cor = 145.6 μmol/mol 
RFCH4[THC–FID] = 0.970 
xCH4 = 18.9 μmol/mol 
xNMHC = 145.6¥0.970 · 18.9 
xNMHC = 127.3 μmol/mol 

(4) For an FTIR, calculate xNMHC by 
summing the hydrocarbon species list-
ed in § 1065.266(c) as follows: 

Where: 

xNMHC = concentration of NMHC. 
xHCi = the C1-equivalent concentration of hy-

drocarbon species i as measured by the 
FTIR, not corrected for initial contami-
nation. 

xHCi-init = the C1-equivalent concentration of 
the initial system contamination (op-
tional) of hydrocarbon species i, dry-to- 
wet corrected, as measured by the FTIR. 

Example:  
xC2H6 = 4.9 μmol/mol 
xC2H4 = 0.9 μmol/mol 
xC2H2 = 0.8 μmol/mol 
xC3H8 = 0.4 μmol/mol 
xC3H6 = 0.5 μmol/mol 
xC4H10 = 0.3 μmol/mol 
xCH2O = 0.8 μmol/mol 
xC2H4O = 0.3 μmol/mol 
xC2H2O2 = 0.1 μmol/mol 
xCH4O = 0.1 μmol/mol 

xNMHC = 4.9 + 0.9 + 0.8 + 0.4 + 0.5 + 0.3 + 0.8 + 
0.3 + 0.1 + 0.1 

xNMHC = 9.1 μmol/mol 

(c) NMNEHC determination. Use one of 
the following methods to determine 
NMNEHC concentration, xNMNEHC: 

(1) If the content of your test fuel 
contains less than 0.010 mol/mol of eth-
ane, you may omit the calculation of 
NMNEHC concentrations and calculate 
the mass of NMNEHC as described in 
§ 1065.650(c)(6). 

(2) For a GC–FID or FTIR, calculate 
xNMNEHC using the THC analyzer’s re-
sponse factors (RF) for CH4 and C2H6, 
from § 1065.360, and the initial contami-
nation and dry-to-wet corrected THC 
concentration xTHC[THC–FID]cor as deter-
mined in paragraph (a) of this section 
as follows: 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00233 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187 E
R

25
O

C
16

.2
13

<
/G

P
H

>
E

R
25

O
C

16
.2

14
<

/G
P

H
>

js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



224 

40 CFR Ch. I (7–1–18 Edition) § 1065.660 

Where: 
xNMNEHC = concentration of NMNEHC. 
xTHC[THC–FID]cor = concentration of THC, initial 

THC contamination and dry-to-wet cor-
rected, as measured by the THC FID. 

RFCH4[THC–FID] = response factor of THC–FID 
to CH4. 

xCH4 = concentration of CH4, dry-to-wet cor-
rected, as measured by the GC–FID or 
FTIR. 

RFC2H6[THC–FID] = response factor of THC–FID 
to C2H6. 

xC2H6 = the C1-equivalent concentration of 
C2H6, dry-to-wet corrected, as measured 
by the GC–FID or FTIR. 

Example:  
xTHC[THC–FID]cor = 145.6 μmol/mol 
RFCH4[THC–FID] = 0.970 
xCH4 = 18.9 μmol/mol 
RFC2H6[THC–FID] = 1.02 
xC2H6 = 10.6 μmol/mol 
xNMHC = 145.6—0.970 · 18.9—1.02 · 10.6 
xNMHC = 116.5 μmol/mol 

(3) For an FTIR, calculate xNMNEHC by 
summing the hydrocarbon species list-
ed in § 1065.266(c) as follows: 

Where: 

xNMNEHC = concentration of NMNEHC. 
xHCi = the C1-equivalent concentration of hy-

drocarbon species i as measured by the 
FTIR, not corrected for initial contami-
nation. 

xHCi-init = the C1-equivalent concentration of 
the initial system contamination (op-
tional) of hydrocarbon species i, dry-to- 
wet corrected, as measured by the FTIR. 

Example:  
xC2H4 = 0.9 μmol/mol 
xC2H2 = 0.8 μmol/mol 
xC3H8 = 0.4 μmol/mol 
xC3H6 = 0.5 μmol/mol 
xC4H10 = 0.3 μmol/mol 
xCH2O = 0.8 μmol/mol 
xC2H4O = 0.3 μmol/mol 
xC2H2O2 = 0.1 μmol/mol 
xCH4O = 0.1 μmol/mol 
xNMNEHC = 0.9 + 0.8 + 0.4 + 0.5 + 0.3 + 0.8 + 0.3 

+ 0.1 + 0.1 
xNMNEHC = 4.2 μmol/mol 

(d) CH4 determination. Use one of the 
following methods to determine CH4 
concentration, χCH4: 

(1) For nonmethane cutters, cal-
culate xCH4 using the nonmethane cut-
ter’s penetration fraction (PF) of CH4 
and the response factor penetration 
fraction (RFPF) of C2H6 from § 1065.365, 
the response factor (RF) of the THC 
FID to CH4 from § 1065.360, the initial 
THC contamination and dry-to-wet 
corrected THC concentration 
xTHC[THC–FID]cor as determined in para-
graph (a) of this section, and the dry- 
to-wet corrected CH4 concentration 
xTHC[NMC–FID]cor optionally corrected for 
initial THC contamination as deter-
mined in paragraph (a) of this section. 

(i) Use the following equation for 
penetration fractions determined using 
an NMC configuration as outlined in 
§ 1065.365(d): 
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Where: 

xCH4 = concentration of CH4. 
xTHC[NMC-FID]cor = concentration of THC, initial 

THC contamination (optional) and dry- 
to-wet corrected, as measured by the 
NMC FID during sampling through the 
NMC. 

xTHC[THC-FID]cor = concentration of THC, initial 
THC contamination and dry-to-wet cor-
rected, as measured by the THC FID dur-
ing sampling while bypassing the NMC. 

RFPFC2H6[NMC-FID] = the combined ethane re-
sponse factor and penetration fraction of 
the nonmethane cutter, according to 
§ 1065.365(d). 

RFCH4[THC–FID] = response factor of THC FID to 
CH4, according to § 1065.360(d). 

Example:  
xTHC[NMC-FID]cor = 10.4 μmol/mol 
xTHC[THC-FID]cor = 150.3 μmol/mol 
RFPFC2H6[NMC-FID] = 0.019 
RFCH4[THC-FID] = 1.05 

xCH4 = 7.69 μmol/mol 

(ii) For penetration fractions deter-
mined using an NMC configuration as 

outlined in § 1065.365(e), use the fol-
lowing equation: 

Where: 
xCH4 = concentration of CH4. 
xTHC[NMC-FID]cor = concentration of THC, initial 

THC contamination (optional) and dry- 
to-wet corrected, as measured by the 
NMC FID during sampling through the 
NMC. 

xTHC[THC-FID]cor = concentration of THC, initial 
THC contamination and dry-to-wet cor-
rected, as measured by the THC FID dur-
ing sampling while bypassing the NMC. 

PFC2H6[NMC–FID] = nonmethane cutter ethane 
penetration fraction, according to 
§ 1065.365(e). 

RFCH4[THC–FID] = response factor of THC FID to 
CH4, according to § 1065.360(d). 

PFCH4[NMC–FID] = nonmethane cutter CH4 pene-
tration fraction, according to 
§ 1065.365(e). 

Example:  
xTHC[NMC–FID]cor = 10.4 μmol/mol 
xTHC[THC–FID]cor = 150.3 μmol/mol 
PFC2H6[NMC–FID] = 0.020 
RFCH4[THC–FID] = 1.05 
PFCH4[NMC–FID] = 0.990 
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xCH4 = 7.25 μmol/mol 

(iii) For penetration fractions deter-
mined using an NMC configuration as 

outlined in § 1065.365(f), use the fol-
lowing equation: 

Where: 
xCH4 = concentration of CH4. 
xTHC[NMC–FID]cor = concentration of THC, initial 

THC contamination (optional) and dry- 
to-wet corrected, as measured by the 
NMC FID during sampling through the 
NMC. 

xTHC[THC–FID]cor = concentration of THC, initial 
THC contamination and dry-to-wet cor-
rected, as measured by the THC FID dur-
ing sampling while bypassing the NMC. 

RFPFC2H6[NMC–FID] = the combined ethane re-
sponse factor and penetration fraction of 

the nonmethane cutter, according to 
§ 1065.365(f). 

PFCH4[NMC–FID] = nonmethane cutter CH4 pene-
tration fraction, according to § 1065.365(f). 

RFCH4[THC–FID] = response factor of THC FID to 
CH4, according to § 1065.360(d). 

Example:  
xTHC[NMC–FID]cor = 10.4 μmol/mol 
xTHC[THC–FID]cor = 150.3 μmol/mol 
RFPFC2H6[NMC–FID] = 0.019 
PFCH4[NMC–FID] = 0.990 
RFCH4[THC–FID] = 1.05 

xCH4 = 7.78 μmol/mol 

(2) For a GC–FID or FTIR, xCH4 is the 
actual dry-to-wet corrected CH4 con-
centration as measured by the ana-
lyzer. 

(e) C2H6 determination. For a GC–FID 
or FTIR, xC2H6 is the C1-equivalent, dry- 
to-wet corrected C2H6 concentration as 
measured by the analyzer. 

[76 FR 57462, Sept. 15, 2011, as amended at 81 
FR 74184, Oct. 25, 2016] 

§ 1065.665 THCE and NMHCE deter-
mination. 

(a) If you measured an oxygenated 
hydrocarbon’s mass concentration, 

first calculate its molar concentration 
in the exhaust sample stream from 
which the sample was taken (raw or di-
luted exhaust), and convert this into a 
C1-equivalent molar concentration. 
Add these C1-equivalent molar con-
centrations to the molar concentration 
of non-oxygenated total hydrocarbon 
(NOTHC). The result is the molar con-
centration of total hydrocarbon equiv-
alent (THCE). Calculate THCE con-
centration using the following equa-
tions, noting that Eq. 1065.665–3 is re-
quired only if you need to convert your 
oxygenated hydrocarbon (OHC) con-
centration from mass to moles: 
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Where: 

xTHCE = the sum of the C1-equivalent con-
centrations of non-oxygenated hydro-
carbon, alcohols, and aldehydes. 

xNOTHC = the sum of the C1-equivalent con-
centrations of NOTHC. 

xOHCi = the C1-equivalent concentration of 
oxygenated species i in diluted exhaust, 
not corrected for initial contamination. 

xOHCi-init = the C1-equivalent concentration of 
the initial system contamination (op-
tional) of oxygenated species i, dry-to- 
wet corrected. 

xTHC[THC–FID]cor = the C1-equivalent response to 
NOTHC and all OHC in diluted exhaust, 
HC contamination and dry-to-wet cor-
rected, as measured by the THC–FID. 

RFOHCi[THC–FID] = the response factor of the 
FID to species i relative to propane on a 
C1-equivalent basis. 

C# = the mean number of carbon atoms in the 
particular compound. 

Mdexh = the molar mass of diluted exhaust as 
determine in § 1065.340. 

mdexhOHCi = the mass of oxygenated species i in 
dilute exhaust. 

MOHCi = the C1-equivalent molecular weight 
of oxygenated species i. 

mdexh = the mass of diluted exhaust 
ndexhOHCi = the number of moles of oxygenated 

species i in total diluted exhaust flow. 
ndexh = the total diluted exhaust flow. 

(b) If we require you to determine 
nonmethane hydrocarbon equivalent 
(NMHCE), use the following equation: 

Where: 

xNMHCE = the sum of the C1-equivalent con-
centrations of nonoxygenated non-
methane hydrocarbon (NONMHC), alco-
hols, and aldehydes. 

RFCH4[THC–FID] = the response factor of THC– 
FID to CH4. 

xCH4 = concentration of CH4, HC contamina-
tion (optional) and dry-to-wet corrected, 
as measured by the gas chromatograph 
FID. 

(c) The following example shows how 
to determine NMHCE emissions based 
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on ethanol (C2H5OH), methanol 
(CH3OH), acetaldehyde (C2H4O), and 
formaldehyde (CH2O) as C1-equivalent 
molar concentrations: 

xTHC[THC-FID]cor = 145.6 μmol/mol 
xCH4 = 18.9 μmol/mol 
xC2H5OH = 100.8 μmol/mol 
xCH3OH = 1.1 μmol/mol 
xC2H4O = 19.1 μmol/mol 
xCH2O = 1.3 μmol/mol 
RFCH4[THC-FID] = 1.07 
RFC2H5OH[THC-FID] = 0.76 
RFCH3OH[THC-FID] = 0.74 
RFH2H4O[THC-FID] = 0.50 
RFCH2O[THC-FID] = 0.0 
xNMHCE = xTHC[THC-FID]cor ¥ (xC2H5OH · 

RFC2H5OH[THC-FID] + xCH3OH · RFCH3OH[THC-FID] 
+ xC2H4O · RFC2H4O[THC-FID] + xCH2O · 
RFCH2O[THC-FID]) + xC2H5OH + xCH3OH + xC2H4O 
+ xCH2O ¥ (RFCH4[THC-FID] · xCH4) 

xNMHCE = 145.6 ¥ (100.8 · 0.76 + 1.1 · 0.74 + 19.1 
· 0.50 + 1.3 · 0) + 100.8 + 1.1 + 19.1 + 1.3 ¥ 

(1.07 · 18.9) 
xNMHCE = 160.71 μmol/mol 

[79 FR 23805, Apr. 28, 2014, as amended at 81 
FR 74187, Oct. 25, 2016] 

§ 1065.667 Dilution air background 
emission correction. 

(a) To determine the mass of back-
ground emissions to subtract from a di-
luted exhaust sample, first determine 
the total flow of dilution air, ndil, over 
the test interval. This may be a meas-
ured quantity or a calculated quantity. 
Multiply the total flow of dilution air 
by the mean mole fraction (i.e., con-
centration) of a background emission. 
This may be a time-weighted mean or a 
flow-weighted mean (e.g., a proportion-
ally sampled background). Finally, 
multiply by the molar mass, M, of the 
associated gaseous emission con-
stituent. The product of ndil and the 
mean molar concentration of a back-
ground emission and its molar mass, 
M, is the total background emission 
mass, m. In the case of PM, where the 
mean PM concentration is already in 
units of mass per mole of sample, M̄PM, 
multiply it by the total amount of di-
lution air flow, and the result is the 
total background mass of PM, mPM. 
Subtract total background mass from 
total mass to correct for background 
emissions. 

(b) You may determine the total flow 
of dilution air by a direct flow meas-
urement. 

(c) You may determine the total flow 
of dilution air by subtracting the cal-

culated raw exhaust molar flow as de-
scribed in § 1065.655(g) from the meas-
ured dilute exhaust flow. This may be 
done by totaling continuous calcula-
tions or by using batch results. 

(d) You may determine the total flow 
of dilution air from the measured di-
lute exhaust flow and a chemical bal-
ance of the fuel, intake air, and dilute 
exhaust as described in § 1065.655. For 
this option, the molar flow of dilution 
air is calculated by multiplying the di-
lute exhaust flow by the mole fraction 
of dilution gas to dilute exhaust, xdil/exh, 
from the dilute chemical balance. This 
may be done by totaling continuous 
calculations or by using batch results. 
For example, to use batch results, the 
total flow of dilution air is calculated 
by multiplying the total flow of diluted 
exhaust, ndexh, by the flow-weighted 
mean mole fraction of dilution air in 
diluted exhaust, x̄dil/exh. Calculate x̄dil/exh 
using flow-weighted mean concentra-
tions of emissions in the chemical bal-
ance, as described in § 1065.655. The 
chemical balance in § 1065.655 assumes 
that your engine operates 
stoichiometrically, even if it is a lean- 
burn engine, such as a compression-ig-
nition engine. Note that for lean-burn 
engines this assumption could result in 
an error in emission calculations. This 
error could occur because the chemical 
balance in § 1065.655 treats excess air 
passing through a lean-burn engine as 
if it was dilution air. If an emission 
concentration expected at the standard 
is about 100 times its dilution air back-
ground concentration, this error is neg-
ligible. However, if an emission con-
centration expected at the standard is 
similar to its background concentra-
tion, this error could be significant. If 
this error might affect your ability to 
show that your engines comply with 
applicable standards, we recommend 
that you either determine the total 
flow of dilution air using one of the 
more accurate methods in paragraph 
(b) or (c) of this section, or remove 
background emissions from dilution air 
by HEPA filtration, chemical adsorp-
tion, or catalytic scrubbing. You might 
also consider using a partial-flow dilu-
tion technique such as a bag mini-di-
luter, which uses purified air as the di-
lution air. 
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(e) The following is an example of 
using the flow-weighted mean fraction 
of dilution air in diluted exhaust, 
x̄dil/exh, and the total mass of back-

ground emissions calculated using the 
total flow of diluted exhaust, ndexh, as 
described in § 1065.650(c): 

Example: 

MNOx = 46.0055 g/mol 
x̄bkgnd = 0.05 μmol/mol = 0.05·10¥6 mol/mol 
ndexh = 23280.5 mol 
x̄dil/exh = 0.843 mol/mol 
mbkgndNOxdexh = 46.0055·0.05·10¥6·23280.5 
mbkgndNOxdexh = 0.0536 g 
mbkgndNOx = 0.843 · 0.0536 

mbkgndNOx = 0.0452 g 

(f) The following is an example of 
using the fraction of dilution air in di-
luted exhaust, xdil/exh, and the mass rate 
of background emissions calculated 
using the flow rate of diluted exhaust, 
ṅdexh, as described in § 1065.650(c): 

Example: 

MNOx = 46.0055 g/mol 
xbkgnd = 0.05 μmol/mol = 0.05·10¥6 mol/mol 
ṅdexh = 23280.5 mol/s 
xdil/exh = 0.843 mol/mol 
ṁbkgndNOxdexh = 46.0055·0.05·10¥6·23280.5 
ṁbkgndNOxdexh = 0.0536 g/hr 
ṁbkgndNOx = 0.843 · 0.0536 
ṁbkgndNOx = 0.0452 g/hr 

[76 FR 57465, Sept. 15, 2011, as amended at 81 
FR 74188, Oct. 25, 2016] 

§ 1065.670 NOX intake-air humidity 
and temperature corrections. 

See the standard-setting part to de-
termine if you may correct NOX emis-
sions for the effects of intake-air hu-
midity or temperature. Use the NOX in-
take-air humidity and temperature 
corrections specified in the standard- 
setting part instead of the NOX intake- 
air humidity correction specified in 
this part 1065. If the standard-setting 
part does not prohibit correcting NOX 
emissions for intake-air humidity ac-
cording to this part 1065, correct NOX 
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concentrations for intake-air humidity 
as described in this section. See 
§ 1065.650(c)(1) for the proper sequence 
for applying the NOX intake-air humid-
ity and temperature corrections. You 
may use a time-weighted mean com-
bustion air humidity to calculate this 

correction if your combustion air hu-
midity remains within a tolerance of 
±0.0025 mol/mol of the mean value over 
the test interval. For intake-air hu-
midity correction, use one of the fol-
lowing approaches: 

x x xNOxcor NOxuncor H20= ⋅ ⋅ +( )9 953 0 832. . Eq. 1065.670-1

Example: 

xNOxuncor = 700.5 μmol/mol 
xH2O = 0.022 mol/mol 
xNOxcor = 700.5 · (9.953 · 0.022 + 0.832) 

xNOxcor = 736.2 μmol/mol 

(b) For spark-ignition engines, cor-
rect for intake-air humidity using the 
following equation: 

x x xNOxcor NOxuncor H20= ⋅ ⋅ +( )18 840 0 68094. . Eq. 1065.670-2

Example: 

xNOxuncor = 154.7 μmol/mol 
xH2O = 0.022 mol/mol 
xNOxcor = 154.7 · (18.840 · 0.022 + 0.68094) 
xNOxcor = 169.5 μmol/mol 

(c) Develop your own correction, 
based on good engineering judgment. 

[75 FR 23056, Apr. 30, 2010, as amended at 76 
FR 57466, Sept. 15, 2011] 

§ 1065.672 Drift correction. 

(a) Scope and frequency. Perform the 
calculations in this section to deter-
mine if gas analyzer drift invalidates 
the results of a test interval. If drift 
does not invalidate the results of a test 
interval, correct that test interval’s 
gas analyzer responses for drift accord-
ing to this section. Use the drift-cor-
rected gas analyzer responses in all 
subsequent emission calculations. Note 
that the acceptable threshold for gas 
analyzer drift over a test interval is 
specified in § 1065.550 for both labora-
tory testing and field testing. 

(b) Correction principles. The calcula-
tions in this section utilize a gas ana-
lyzer’s responses to reference zero and 
span concentrations of analytical 

gases, as determined sometime before 
and after a test interval. The calcula-
tions correct the gas analyzer’s re-
sponses that were recorded during a 
test interval. The correction is based 
on an analyzer’s mean responses to ref-
erence zero and span gases, and it is 
based on the reference concentrations 
of the zero and span gases themselves. 
Validate and correct for drift as fol-
lows: 

(c) Drift validation. After applying all 
the other corrections—except drift cor-
rection—to all the gas analyzer signals, 
calculate brake-specific emissions ac-
cording to § 1065.650. Then correct all 
gas analyzer signals for drift according 
to this section. Recalculate brake-spe-
cific emissions using all of the drift- 
corrected gas analyzer signals. Vali-
date and report the brake-specific 
emission results before and after drift 
correction according to § 1065.550. 

(d) Drift correction. Correct all gas an-
alyzer signals as follows: 

(1) Correct each recorded concentra-
tion, xi, for continuous sampling or for 
batch sampling, x̄. 

(2) Correct for drift using the fol-
lowing equation: 
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Where: 
xidriftcorrected = concentration corrected for drift. 
xrefzero = reference concentration of the zero 

gas, which is usually zero unless known 
to be otherwise. 

xrefspan = reference concentration of the span 
gas. 

xprespan = pre-test interval gas analyzer re-
sponse to the span gas concentration. 

xpostspan = post-test interval gas analyzer re-
sponse to the span gas concentration. 

xi or x̄ = concentration recorded during test, 
before drift correction. 

xprezero = pre-test interval gas analyzer re-
sponse to the zero gas concentration. 

xpostzero = post-test interval gas analyzer re-
sponse to the zero gas concentration. 

Example: 

xrefzero = 0 μmol/mol 
xrefspan = 1800.0 μmol/mol 
xprespan = 1800.5 μmol/mol 
xpostspan = 1695.8 μmol/mol 
xi or x̄ = 435.5 μmol/mol 
xprezero = 0.6 μmol/mol 
xpostzero = ¥5.2 μmol/mol 

xidriftcorrected = + − ⋅ ⋅ − + −
+

0 1800 0 0
2 435 5 0 6 5 2

1800 5
( . )

. ( . ( . ))

( . 11695 8 0 6 5 2. ) ( . ( . ))− + −

xidriftcorrected = 450.2 μmol/mol 

(3) For any pre-test interval con-
centrations, use concentrations deter-
mined most recently before the test in-
terval. For some test intervals, the 
most recent pre-zero or pre-span might 
have occurred before one or more pre-
vious test intervals. 

(4) For any post-test interval con-
centrations, use concentrations deter-
mined most recently after the test in-
terval. For some test intervals, the 
most recent post-zero or post-span 
might have occurred after one or more 
subsequent test intervals. 

(5) If you do not record any pre-test 
interval analyzer response to the span 
gas concentration, xprespan, set xprespan 
equal to the reference concentration of 
the span gas: 

xprespan = xrefspan. 

(6) If you do not record any pre-test 
interval analyzer response to the zero 
gas concentration, xprezero, set xprezero 
equal to the reference concentration of 
the zero gas: 

xprezero = xrefzero. 

(7) Usually the reference concentra-
tion of the zero gas, xrefzero, is zero: 

xrefzero = 0 μmol/mol. However, in some 
cases you might know that xrefzero has a 
non-zero concentration. For example, if 
you zero a CO2 analyzer using ambient 
air, you may use the default ambient 
air concentration of CO2, which is 375 
μmol/mol. In this case, xrefzero = 375 
μmol/mol. Note that when you zero an 
analyzer using a non-zero xrefzero, you 
must set the analyzer to output the ac-
tual xrefzero concentration. For example, 
if xrefzero = 375 μmol/mol, set the ana-
lyzer to output a value of 375 μmol/mol 
when the zero gas is flowing to the ana-
lyzer. 

[70 FR 40516, July 13, 2005, as amended at 74 
FR 8427, Feb. 24, 2009; 75 FR 23056, Apr. 30, 
2010] 

§ 1065.675 CLD quench verification 
calculations. 

Perform CLD quench-check calcula-
tions as follows: 

(a) Perform a CLD analyzer quench 
verification test as described in 
§ 1065.370. 

(b) Estimate the maximum expected 
mole fraction of water during emission 
testing, xH2Oexp. Make this estimate 
where the humidified NO span gas was 
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introduced in § 1065.370(e)(6). When esti-
mating the maximum expected mole 
fraction of water, consider the max-
imum expected water content in com-
bustion air, fuel combustion products, 
and dilution air (if applicable). If you 
introduced the humidified NO span gas 
into the sample system upstream of a 
sample dryer during the verification 
test, you need not estimate the max-
imum expected mole fraction of water 
and you must set xH2Oexp equal to 
xH2Omeas. 

(c) Estimate the maximum expected 
CO2 concentration during emission 
testing, xCO2exp. Make this estimate at 
the sample system location where the 
blended NO and CO2 span gases are in-
troduced according to § 1065.370(d)(10). 
When estimating the maximum ex-
pected CO2 concentration, consider the 
maximum expected CO2 content in fuel 
combustion products and dilution air. 

(d) Calculate quench as follows: 

Where: 
quench = amount of CLD quench. 
xNOdry = concentration of NO upstream of a 

bubbler, according to § 1065.370(e)(4). 
xNOwet = measured concentration of NO down-

stream of a bubbler, according to 
§ 1065.370(e)(9). 

xH2Oexp = maximum expected mole fraction of 
water during emission testing, according 
to paragraph (b) of this section. 

xH2Omeas = measured mole fraction of water 
during the quench verification, according 
to § 1065.370(e)(7). 

xNOmeas = measured concentration of NO when 
NO span gas is blended with CO2 span 
gas, according to § 1065.370(d)(10). 

xNOact = actual concentration of NO when NO 
span gas is blended with CO2 span gas, ac-
cording to § 1065.370(d)(11) and calculated 
according to Eq. 1065.675–2. 

xCO2exp = maximum expected concentration of 
CO2 during emission testing, according to 
paragraph (c) of this section. 

xCO2act = actual concentration of CO2 when NO 
span gas is blended with CO2 span gas, ac-
cording to § 1065.370(d)(9). 

Where: 
xNOspan = The NO span gas concentration 

input to the gas divider, according to 
§ 1065.370(d)(5). 

xCO2span = the CO2 span gas concentration 
input to the gas divider, according to 
§ 1065.370(d)(4). 

Example:  

xNOdry = 1800.0 μmol/mol 
xNOwet = 1739.6 μmol/mol 
xH2Oexp = 0.030 mol/mol 
xH2Omeas = 0.030 mol/mol 
xNOmeas = 1515.2 μmol/mol 
xNOspan = 3001.6 μmol/mol 
xCO2exp = 3.2% 
xCO2span = 6.1% 
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xCO2act = 2.98% 

quench = (¥0.0036655¥0.014020171)·100% = 
¥1.7685671% 

[73 FR 59340, Oct. 8, 2008, as amended at 76 FR 
57466, Sept. 15, 2011; 81 FR 74188, Oct. 25, 2016] 

§ 1065.680 Adjusting emission levels to 
account for infrequently regen-
erating aftertreatment devices. 

This section describes how to cal-
culate and apply emission adjustment 
factors for engines using 
aftertreatment technology with infre-
quent regeneration events that may 
occur during testing. These adjustment 
factors are typically calculated based 
on measurements conducted for the 
purposes of engine certification, and 
then used to adjust the results of test-
ing related to demonstrating compli-
ance with emission standards. For this 
section, ‘‘regeneration’’ means an in-
tended event during which emission 
levels change while the system restores 
aftertreatment performance. For ex-
ample, exhaust gas temperatures may 
increase temporarily to remove sulfur 
from adsorbers or to oxidize accumu-

lated particulate matter in a trap. 
Also, ‘‘infrequent’’ refers to regenera-
tion events that are expected to occur 
on average less than once over a tran-
sient or ramped-modal duty cycle, or 
on average less than once per mode in 
a discrete-mode test. 

(a) Apply adjustment factors based 
on whether there is active regeneration 
during a test segment. The test seg-
ment may be a test interval or a full 
duty cycle, as described in paragraph 
(b) of this section. For engines subject 
to standards over more than one duty 
cycle, you must develop adjustment 
factors under this section for each sep-
arate duty cycle. You must be able to 
identify active regeneration in a way 
that is readily apparent during all test-
ing. All adjustment factors for regen-
eration are additive. 

(1) If active regeneration does not 
occur during a test segment, apply an 
upward adjustment factor, UAF, that 
will be added to the measured emission 
rate for that test segment. Use the fol-
lowing equation to calculate UAF: 

Where: 

EFA[cycle] = the average emission factor over 
the test segment as determined in para-
graph (a)(4) of this section. 

EFL[cycle] = measured emissions over a com-
plete test segment in which active regen-
eration does not occur. 

Example:  
EFARMC = 0.15 g/kW·hr 
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EFLRMC = 0.11 g/kW·hr 
UAFRMC = 0.15 ¥ 0.11 = 0.04 g/kW·hr 

(2) If active regeneration occurs or 
starts to occur during a test segment, 

apply a downward adjustment factor, 
DAF, that will be subtracted from the 
measured emission rate for that test 
segment. Use the following equation to 
calculate DAF: 

Where: 
EFH[cycle] = measured emissions over the test 

segment from a complete regeneration 
event, or the average emission rate over 
multiple complete test segments with re-
generation if the complete regeneration 
event lasts longer than one test segment. 

Example:  
EFARMC = 0.15 g/kW·hr 
EFHRMC = 0.50 g/kW·hr 

DAFRMC = 0.50 ¥ 0.15 = 0.35 g/kW·hr 

(3) Note that emissions for a given 
pollutant may be lower during regen-
eration, in which case EFL would be 
greater than EFH, and both UAF and 
DAF would be negative. 

(4) Calculate the average emission 
factor, EFA, as follows: 

Where: 

F[cycle] = the frequency of the regeneration 
event during the test segment, expressed 
in terms of the fraction of equivalent 
test segments during which active regen-
eration occurs, as described in paragraph 
(a)(5) of this section. 

Example:  
FRMC = 0.10 

EFARMC = 0.10 · 0.50 + (1.00 ¥ 0.10) · 0.11 = 0.15 
g/kW·hr 

(5) The frequency of regeneration, F, 
generally characterizes how often a re-
generation event occurs within a series 
of test segments. Determine F using 
the following equation, subject to the 
provisions of paragraph (a)(6) of this 
section: 

Where: 

ir[cycle] = the number of successive test seg-
ments required to complete an active re-
generation, rounded up to the next whole 
number. 

if[cycle] = the number of test segments from 
the end of one complete regeneration 
event to the start of the next active re-
generation, without rounding. 

Example:  
irRMC = 2 
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ifRMC = 17.86 

(6) Use good engineering judgment to 
determine ir and if, as follows: 

(i) For engines that are programmed 
to regenerate after a specific time in-
terval, you may determine the dura-
tion of a regeneration event and the 
time between regeneration events 
based on the engine’s design param-
eters. For other engines, determine 
these values based on measurements 
from in-use operation or from running 
repetitive duty cycles in a laboratory. 

(ii) For engines subject to standards 
over multiple duty cycles, such as for 
transient and steady-state testing, 
apply this same calculation to deter-
mine a value of F for each duty cycle. 

(iii) Consider an example for an en-
gine that is designed to regenerate its 
PM filter 500 minutes after the end of 
the last regeneration event, with the 
regeneration event lasting 30 minutes. 
If the RMC takes 28 minutes, irRMC = 2 
(30 ÷ 28 = 1.07, which rounds up to 2), 
and ifRMC = 500 ÷ 28 = 17.86. 

(b) Develop adjustment factors for 
different types of testing as follows: 

(1) Discrete-mode testing. Develop sepa-
rate adjustment factors for each test 
mode (test interval) of a discrete-mode 
test. When measuring EFH, if a regen-
eration event has started but is not 
complete when you reach the end of 
the sampling time for a test interval, 
extend the sampling period for that 
test interval until the regeneration 
event is complete. 

(2) Ramped-modal and transient testing. 
Develop a separate set of adjustment 
factors for an entire ramped-modal 
cycle or transient duty cycle. When 
measuring EFH, if a regeneration event 
has started but is not complete when 
you reach the end of the duty cycle, 
start the next repeat test as soon as 
possible, allowing for the time needed 
to complete emission measurement and 
installation of new filters for PM meas-
urement; in that case EFH is the aver-

age emission level for the test seg-
ments that included regeneration. 

(3) Accounting for cold-start measure-
ments. For engines subject to cold-start 
testing requirements, incorporate cold- 
start operation into your analysis as 
follows: 

(i) Determine the frequency of regen-
eration, F, in a way that incorporates 
the impact of cold-start operation in 
proportion to the cold-start weighting 
factor specified in the standard-setting 
part. You may use good engineering 
judgment to determine the effect of 
cold-start operation analytically. 

(ii) Treat cold-start testing and hot- 
start testing together as a single test 
segment for adjusting measured emis-
sion results under this section. Apply 
the adjustment factor to the composite 
emission result. 

(iii) You may apply the adjustment 
factor only to the hot-start test result 
if your aftertreatment technology does 
not regenerate during cold operation as 
represented by the cold-start transient 
duty cycle. If we ask for it, you must 
demonstrate this by engineering anal-
ysis or by test data. 

(c) If an engine has multiple regen-
eration strategies, determine and apply 
adjustment factors under this section 
separately for each type of regenera-
tion. 

[81 FR 74189, Oct. 25, 2016] 

§ 1065.690 Buoyancy correction for PM 
sample media. 

(a) General. Correct PM sample media 
for their buoyancy in air if you weigh 
them on a balance. The buoyancy cor-
rection depends on the sample media 
density, the density of air, and the den-
sity of the calibration weight used to 
calibrate the balance. The buoyancy 
correction does not account for the 
buoyancy of the PM itself, because the 
mass of PM typically accounts for only 
(0.01 to 0.10)% of the total weight. A 
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correction to this small fraction of 
mass would be at the most 0.010%. 

(b) PM sample media density. Different 
PM sample media have different den-
sities. Use the known density of your 
sample media, or use one of the den-
sities for some common sampling 
media, as follows: 

(1) For PTFE-coated borosilicate 
glass, use a sample media density of 
2300 kg/m3. 

(2) For PTFE membrane (film) media 
with an integral support ring of 
polymethylpentene that accounts for 
95% of the media mass, use a sample 
media density of 920 kg/m3. 

(3) For PTFE membrane (film) media 
with an integral support ring of PTFE, 
use a sample media density of 2144 kg/ 
m3. 

(c) Air density. Because a PM balance 
environment must be tightly con-

trolled to an ambient temperature of 
(22 ±1) °C and humidity has an insignifi-
cant effect on buoyancy correction, air 
density is primarily a function of at-
mospheric pressure. Therefore you may 
use nominal constant values for tem-
perature and humidity when deter-
mining the air density of the balance 
environment in Eq. 1065.690–2. 

(d) Calibration weight density. Use the 
stated density of the material of your 
metal calibration weight. The example 
calculation in this section uses a den-
sity of 8000 kg/m3, but you should know 
the density of your weight from the 
calibration weight supplier or the bal-
ance manufacturer if it is an internal 
weight. 

(e) Correction calculation. Correct the 
PM sample media for buoyancy using 
the following equations: 

Where: 
mcor = PM mass corrected for buoyancy. 
muncor = PM mass uncorrected for buoyancy. 
ρair = density of air in balance environment. 

ρweight = density of calibration weight used to 
span balance. 

ρmedia = density of PM sample media, such as 
a filter. 

Where: 

pabs = absolute pressure in balance environ-
ment. 

Mmix = molar mass of air in balance environ-
ment. 

R = molar gas constant. 
Tamb = absolute ambient temperature of bal-

ance environment. 
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[70 FR 40516, July 13, 2005, as amended at 73 
FR 37339, June 30, 2008; 75 FR 23056, Apr. 30, 
2010; 79 FR 23805, Apr. 28, 2014; 81 FR 74191, 
Oct. 25, 2016] 

§ 1065.695 Data requirements. 
(a) To determine the information we 

require from engine tests, refer to the 
standard-setting part and request from 
your Designated Compliance Officer 
the format used to apply for certifi-
cation or demonstrate compliance. We 
may require different information for 
different purposes, such as for certifi-
cation applications, approval requests 
for alternate procedures, selective en-
forcement audits, laboratory audits, 
production-line test reports, and field- 
test reports. 

(b) See the standard-setting part and 
§ 1065.25 regarding recordkeeping. 

(c) We may ask you the following 
about your testing, and we may ask 
you for other information as allowed 
under the Act: 

(1) What approved alternate proce-
dures did you use? For example: 

(i) Partial-flow dilution for propor-
tional PM. 

(ii) CARB test procedures. 
(iii) ISO test procedures. 
(2) What laboratory equipment did 

you use? For example, the make, 
model, and description of the fol-
lowing: 

(i) Engine dynamometer and operator 
demand. 

(ii) Probes, dilution, transfer lines, 
and sample preconditioning compo-
nents. 

(iii) Batch storage media (such as the 
bag material or PM filter material). 

(3) What measurement instruments 
did you use? For example, the make, 
model, and description of the fol-
lowing: 

(i) Speed and torque instruments. 

(ii) Flow meters. 
(iii) Gas analyzers. 
(iv) PM balance. 
(4) When did you conduct calibrations 

and performance checks and what were 
the results? For example, the dates and 
results of the following: 

(i) Linearity verification. 
(ii) Interference checks. 
(iii) Response checks. 
(iv) Leak checks. 
(v) Flow meter checks. 
(5) What engine did you test? For ex-

ample, the following: 
(i) Manufacturer. 
(ii) Family name on engine label. 
(iii) Model. 
(iv) Model year. 
(v) Identification number. 
(6) How did you prepare and configure 

your engine for testing? Consider the 
following examples: 

(i) Dates, hours, duty cycle and fuel 
used for service accumulation. 

(ii) Dates and description of sched-
uled and unscheduled maintenance. 

(iii) Allowable pressure range of in-
take restriction. 

(iv) Allowable pressure range of ex-
haust restriction. 

(v) Charge air cooler volume. 
(vi) Charge air cooler outlet tempera-

ture, specified engine conditions and 
location of temperature measurement. 

(vii) Fuel temperature and location 
of measurement. 

(viii) Any aftertreatment system 
configuration and description. 

(ix) Any crankcase ventilation con-
figuration and description (e.g., open, 
closed, PCV, crankcase scavenged). 

(x) Number and type of precondi-
tioning cycles. 

(7) How did you test your engine? For 
example: 

(i) Constant speed or variable speed. 
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(ii) Mapping procedure (step or 
sweep). 

(iii) Continuous or batch sampling 
for each emission. 

(iv) Raw or dilute sampling; any dilu-
tion-air background sampling. 

(v) Duty cycle and test intervals. 
(vi) Cold-start, hot-start, warmed-up 

running. 
(vii) Absolute pressure, temperature, 

and dewpoint of intake and dilution 
air. 

(viii) Simulated engine loads, curb 
idle transmission torque value. 

(ix) Warm-idle speed value. 
(x) Simulated vehicle signals applied 

during testing. 
(xi) Bypassed governor controls dur-

ing testing. 
(xii) Date, time, and location of test 

(e.g., dynamometer laboratory identi-
fication). 

(xiii) Cooling medium for engine and 
charge air. 

(xiv) Operating temperatures of cool-
ant, head, and block. 

(xv) Natural or forced cool-down and 
cool-down time. 

(xvi) Canister loading. 
(8) How did you validate your test-

ing? For example, results from the fol-
lowing: 

(i) Duty cycle regression statistics 
for each test interval. 

(ii) Proportional sampling. 
(iii) Drift. 
(iv) Reference PM sample media in 

PM-stabilization environment. 
(9) How did you calculate results? 

For example, results from the fol-
lowing: 

(i) Drift correction. 
(ii) Noise correction. 
(iii) ‘‘Dry-to-wet’’ correction. 
(iv) NMHC, CH4, and contamination 

correction. 
(v) NOX humidity correction. 
(vi) Brake-specific emission formula-

tion—total mass divided by total work, 
mass rate divided by power, or ratio of 
mass to work. 

(vii) Rounding emission results. 
(10) What were the results of your 

testing? For example: 
(i) Maximum mapped power and 

speed at maximum power. 
(ii) Maximum mapped torque and 

speed at maximum torque. 
(iii) For constant-speed engines: no- 

load governed speed. 

(iv) For constant-speed engines: test 
torque. 

(v) For variable-speed engines: max-
imum test speed. 

(vi) Speed versus torque map. 
(vii) Speed versus power map. 
(viii) Brake-specific emissions over 

the duty cycle and each test interval. 
(ix) Brake-specific fuel consumption. 
(11) What fuel did you use? For exam-

ple: 
(i) Fuel that met specifications of 

subpart H of this part. 
(ii) Alternate fuel. 
(iii) Oxygenated fuel. 
(12) How did you field test your en-

gine? For example: 
(i) Data from paragraphs (c)(1), (3), 

(4), (5), and (9) of this section. 
(ii) Probes, dilution, transfer lines, 

and sample preconditioning compo-
nents. 

(iii) Batch storage media (such as the 
bag material or PM filter material). 

(iv) Continuous or batch sampling for 
each emission. 

(v) Raw or dilute sampling; any dilu-
tion air background sampling. 

(vi) Cold-start, hot-start, warmed-up 
running. 

(vii) Intake and dilution air absolute 
pressure, temperature, dewpoint. 

(viii) Curb idle transmission torque 
value. 

(ix) Warm idle speed value, any en-
hanced idle speed value. 

(x) Date, time, and location of test 
(e.g., identify the testing laboratory). 

(xi) Proportional sampling valida-
tion. 

(xii) Drift validation. 
(xiii) Operating temperatures of cool-

ant, head, and block. 
(xiv) Vehicle make, model, model 

year, identification number. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37339, June 30, 2008; 79 FR 23807, Apr. 28, 
2014] 

Subpart H—Engine Fluids, Test 
Fuels, Analytical Gases and 
Other Calibration Standards 

§ 1065.701 General requirements for 
test fuels. 

(a) General. For all emission measure-
ments, use test fuels that meet the 
specifications in this subpart, unless 
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the standard-setting part directs other-
wise. Section 1065.10(c)(1) does not 
apply with respect to test fuels. Note 
that the standard-setting parts gen-
erally require that you design your 
emission controls to function properly 
when using commercially available 
fuels, even if they differ from the test 
fuel. Where we specify multiple grades 
of a certain fuel type (such as diesel 
fuel with different sulfur concentra-
tions), see the standard-setting part to 
determine which grade to use. 

(b) Fuels meeting alternate specifica-
tions. We may allow you to use a dif-
ferent test fuel (such as California 
Phase 2 gasoline) if it does not affect 
your ability to show that your engines 
would comply with all applicable emis-
sion standards using the fuel specified 
in this subpart. 

(c) Fuels not specified in this subpart. If 
you produce engines that run on a type 
of fuel (or mixture of fuels) that we do 
not specify in this subpart, you must 
get our written approval to establish 
the appropriate test fuel. See the 
standard-setting part for provisions re-
lated to fuels and fuel mixtures not 
specified in this subpart. 

(1) For engines designed to operate 
on a single fuel, we will generally allow 
you to use the fuel if you show us all 
the following things are true: 

(i) Show that your engines will use 
only the designated fuel in service. 

(ii) Show that this type of fuel is 
commercially available. 

(iii) Show that operating the engines 
on the fuel we specify would be inap-
propriate, as in the following examples: 

(A) The engine will not run on the 
specified fuel. 

(B) The engine or emission controls 
will not be durable or work properly 
when operating with the specified fuel. 

(C) The measured emission results 
would otherwise be substantially un-
representative of in-use emissions. 

(2) For engines that are designed to 
operate on different fuel types, the pro-
visions of paragraphs (c)(1)(ii) and (iii) 
of this section apply with respect to 
each fuel type. 

(3) For engines that are designed to 
operate on different fuel types as well 
as continuous mixtures of those fuels, 
we may require you to test with either 
the worst-case fuel mixture or the 
most representative fuel mixture, un-
less the standard-setting part specifies 
otherwise. 

(d) Fuel specifications. Specifications 
in this section apply as follows: 

(1) Measure and calculate values as 
described in the appropriate reference 
procedure. Record and report final val-
ues expressed to at least the same 
number of decimal places as the appli-
cable limit value. The right-most digit 
for each limit value is significant un-
less specified otherwise. For example, 
for a specified distillation temperature 
of 60 °C, determine the test fuel’s value 
to at least the nearest whole number. 

(2) The fuel parameters specified in 
this subpart depend on measurement 
procedures that are incorporated by 
reference. For any of these procedures, 
you may instead rely upon the proce-
dures identified in 40 CFR part 80 for 
measuring the same parameter. For ex-
ample, we may identify different ref-
erence procedures for measuring gaso-
line parameters in 40 CFR 80.46. 

(e) Two-stroke fuel/oil mixing. For 
two-stroke engines, use a fuel/oil mix-
ture meeting the manufacturer’s speci-
fications. 

(f) Service accumulation and field test-
ing fuels. If we do not specify a service- 
accumulation or field-testing fuel in 
the standard-setting part, use an ap-
propriate commercially available fuel 
such as those meeting minimum speci-
fications from the following table: 

TABLE 1 OF § 1065.701—EXAMPLES OF SERVICE-ACCUMULATION AND FIELD-TESTING FUELS 

Fuel category Subcategory Reference procedure 1 

Diesel ................................................................ Light distillate and light blends with residual ... ASTM D975 
Middle distillate ................................................ ASTM D6985 
Biodiesel (B100) ............................................... ASTM D6751 

Intermediate and residual fuel .......................... All ..................................................................... See § 1065.705 
Gasoline ............................................................ Automotive gasoline ......................................... ASTM D4814 

Automotive gasoline with ethanol concentra-
tion up to 10 volume %..

ASTM D4814 

Alcohol .............................................................. Ethanol (E51–83) ............................................. ASTM D5798 
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TABLE 1 OF § 1065.701—EXAMPLES OF SERVICE-ACCUMULATION AND FIELD-TESTING FUELS— 
Continued 

Fuel category Subcategory Reference procedure 1 

Methanol (M70–M85) ....................................... ASTM D5797 
Aviation fuel ...................................................... Aviation gasoline .............................................. ASTM D910 

Gas turbine ...................................................... ASTM D1655 
Jet B wide cut .................................................. ASTM D6615 

Gas turbine fuel ................................................ General ............................................................ ASTM D2880 

1 ASTM specifications are incorporated by reference in § 1065.1010. 

[70 FR 40516, July 13, 2005, as amended at 73 FR 37339, June 30, 2008; 73 FR 59341, Oct. 8, 2008; 
75 FR 23057, Apr. 30, 2010;79 FR 23807, Apr. 28, 2014] 

§ 1065.703 Distillate diesel fuel. 

(a) Distillate diesel fuels for testing 
must be clean and bright, with pour 
and cloud points adequate for proper 
engine operation. 

(b) There are three grades of #2 diesel 
fuel specified for use as a test fuel. See 

the standard-setting part to determine 
which grade to use. If the standard-set-
ting part does not specify which grade 
to use, use good engineering judgment 
to select the grade that represents the 
fuel on which the engines will operate 
in use. The three grades are specified in 
the following table: 

TABLE 1 OF § 1065.703—TEST FUEL SPECIFICATIONS FOR DISTILLATE DIESEL FUEL 

Property Unit Ultra low 
sulfur Low sulfur High sulfur Reference procedure 1 

Cetane Number ....................................... — ............ 40¥50 40¥50 40¥50 ASTM D613. 
Distillation range: 

Initial boiling point ..................... °C ............ 171–204 171–204 171–204 ASTM D86. 
10 pct. point .............................. ................. 204–238 204–238 204–238 ASTM D86. 
50 pct. point .............................. ................. 243–282 243–282 243–282 ASTM D86. 
90 pct. point .............................. ................. 293–332 293–332 293–332 ASTM D86. 
Endpoint .................................... ................. 321–366 321–366 321–366 ASTM D86. 

Gravity ..................................................... °API ........ 32–37 32–37 32–37 ASTM D4052. 
Total sulfur, ultra low sulfur .................... mg/kg ...... 7–15 .................. .................. See 40 CFR 80.580. 
Total sulfur, low and high sulfur ............. mg/kg ...... .................. 300–500 800–2500 ASTM D2622 or alternates as 

allowed under 40 CFR 
80.580. 

Aromatics, min. (Remainder shall be 
paraffins, naphthenes, and olefins).

g/kg ......... 100 100 100 ASTM D5186. 

Flashpoint, min. ....................................... °C ............ 54 54 54 ASTM D93. 
Kinematic Viscosity ................................. cSt .......... 2.0–3.2 2.0–3.2 2.0–3.2 ASTM D445. 

1 ASTM procedures are incorporated by reference in § 1065.1010. See § 1065.701(d) for other allowed procedures. 

(c) You may use the following non-
metallic additives with distillate diesel 
fuels: 

(1) Cetane improver. 
(2) Metal deactivator. 
(3) Antioxidant, dehazer. 
(4) Rust inhibitor. 
(5) Pour depressant. 
(6) Dye. 
(7) Dispersant. 
(8) Biocide. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37340, June 30, 2008; 73 FR 59341, Oct. 8, 
2008; 75 FR 23057, Apr. 30, 2010; 77 FR 2464, 
Jan. 18, 2012;79 FR 23807, Apr. 28, 2014] 

§ 1065.705 Residual and intermediate 
residual fuel. 

This section describes the specifica-
tions for fuels meeting the definition of 
residual fuel in 40 CFR 80.2, including 
fuels marketed as intermediate fuel. 
Residual fuels for service accumulation 
and any testing must meet the fol-
lowing specifications: 

(a) The fuel must be a commercially 
available fuel that is representative of 
the fuel that will be used by the engine 
in actual use. 

(b) The fuel must be free of used lu-
bricating oil. Demonstrate this by 
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showing that the fuel meets at least 
one of the following specifications. 

(1) Zinc is at or below 15 mg per kg of 
fuel based on the procedures specified 
in IP470, IP501, or ISO 8217 (incor-
porated by reference in § 1065.1010). 

(2) Phosphorus is at or below 15 mg 
per kg of fuel based on the procedures 
specified in IP500, IP501, or ISO 8217 

(incorporated by reference in 
§ 1065.1010). 

(3) Calcium is at or below 30 mg per 
kg of fuel based on the procedures spec-
ified in IP470, IP501, or ISO 8217 (incor-
porated by reference in § 1065.1010). 

(c) The fuel must meet the specifica-
tions for one of the categories in the 
following table: 
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§ 1065.710 Gasoline. 
(a) This section specifies test fuel 

properties for gasoline with ethanol 
(low-level blend only) and for gasoline 
without ethanol. Note that the ‘‘fuel 
type’’ for the fuels specified in para-
graphs (b) and (c) of this section is con-
sidered to be gasoline. In contrast, 
fuels with higher ethanol concentra-
tions, such as fuel containing 82 per-
cent ethanol, are considered to be eth-
anol fuels rather than gasoline. We 
specify some test fuel parameters that 
apply uniquely for low-temperature 
testing and for testing at altitudes 
above 1,219 m. For all other testing, use 
the test fuel parameters specified for 
general testing. Unless the standard- 
setting part specifies otherwise, use 
the fuel specified in paragraph (c) of 
this section for general testing. 

(b) The following specifications apply 
for a blended gasoline test fuel that has 

nominally 10% ethanol (commonly 
called E10 test fuel): 

(1) Prepare the blended test fuel from 
typical refinery gasoline blending com-
ponents. You may not use pure com-
pounds, except as follows: 

(i) You may use neat ethanol as a 
blendstock. 

(ii) You may adjust the test fuel’s 
vapor pressure by adding butane. 

(iii) You may adjust the test fuel’s 
benzene content by adding benzene. 

(iv) You may adjust the test fuel’s 
sulfur content by adding sulfur com-
pounds that are representative of those 
found with in-use fuels. 

(2) Table 1 of this section identifies 
limit values consistent with the units 
in the reference procedure for each fuel 
property. These values are generally 
specified in international units. Values 
presented in parentheses are for infor-
mation only. Table 1 follows: 

TABLE 1 OF § 1065.710—TEST FUEL SPECIFICATIONS FOR A LOW-LEVEL ETHANOL-GASOLINE BLEND 

Property Unit 

Specification 

Reference 
procedure 1 General 

testing 

Low-tem-
perature 
testing 

High alti-
tude testing 

Antiknock Index (R + M)/2 ..................... .......................... 87.0—88.4 2 87.0 Min-
imum.

ASTM D2699 and 
D2700. 

Sensitivity (R–M) .................................... .......................... 7.5 Minimum ASTM D2699 and 
D2700. 

Dry Vapor Pressure Equivalent 
(DVPE) 3,4.

kPa (psi) .......... 60.0–63.4 ..
(8.7–9.2) ....

77.2–81.4 ..
(11.2–11.8) 

52.4–55.2 ..
(7.6–8.0) ....

ASTM D5191. 

Distillation 4 .............................................
10% evaporated .....................................

°C ( °F) ............ 49–60 ........
(120–140) ..

43–54 ........
(110–130) ..

49–60 ........
(120–140) 

ASTM D86. 

50% evaporated ..................................... °C ( °F) ............ 88–99 (190–210). 
90% evaporated ..................................... °C ( °F) ............ 157–168 (315–335). 
Evaporated final boiling point ................. °C ( °F) ............ 193–216 (380–420). 
Residue .................................................. milliliter ............ 2.0 Maximum. 
Total Aromatic Hydrocarbons ................ volume % ........ 21.0–25.0 ASTM D5769. 
C6 Aromatics (benzene) ........................ volume % ........ 0.5–0.7. 
C7 Aromatics (toluene) .......................... volume % ........ 5.2–6.4. 
C8 Aromatics .......................................... volume % ........ 5.2–6.4. 
C9 Aromatics .......................................... volume % ........ 5.2–6.4. 
C10 + Aromatics .................................... volume % ........ 4.4–5.6. 
Olefins 5 .................................................. mass % ........... 4.0–10.0 ASTM D6550. 
Ethanol blended ..................................... volume % ........ 9.6–10.0 See paragraph (b)(3) of 

this section. 
Ethanol confirmatory 6 ............................ volume % ........ 9.4–10.2 ASTM D4815 or D5599. 
Total Content of Oxygenates Other than 

Ethanol 6.
volume % ........ 0.1 Maximum ASTM D4815 or D5599. 

Sulfur ...................................................... mg/kg ............... 8.0–11.0 ASTM D2622, D5453 or 
D7039. 

Lead ....................................................... g/liter ................ 0.0026 Maximum ASTM D3237. 
Phosphorus ............................................ g/liter ................ 0.0013 Maximum ASTM D3231. 
Copper Corrosion ................................... .......................... No. 1 Maximum ASTM D130. 
Solvent-Washed Gum Content .............. mg/100 milliliter 3.0 Maximum ASTM D381. 
Oxidation Stability .................................. minute .............. 1000 Minimum ASTM D525. 

1 ASTM procedures are incorporated by reference in § 1065.1010. See § 1065.701(d) for other allowed procedures. 
2 Octane specifications apply only for testing related to exhaust emissions. For engines or vehicles that require the use of pre-

mium fuel, as described in paragraph (d) of this section, the adjusted specification for antiknock index is a minimum value of 
91.0; no maximum value applies. All other specifications apply for this high-octane fuel. 
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3 Calculate dry vapor pressure equivalent, DVPE, based on the measured total vapor pressure, pT, using the following equa-
tion: DVPE (kPa) = 0.956 · pT—2.39 or DVPE (psi) = 0.956 · pT—0.347. DVPE is intended to be equivalent to Reid Vapor Pres-
sure using a different test method. 

4 Parenthetical values are shown for informational purposes only. 
5 The reference procedure prescribes measurement of olefin concentration in mass %. Multiply this result by 0.857 and round 

to the first decimal place to determine the olefin concentration in volume %. 
6 ASTM D5599 prescribes concentration measurements for ethanol and other oxygenates in mass %. Convert results to vol-

ume % as specified in Section 14.3 of ASTM D4815. 

(3) The ethanol-blended specification 
in Table 1 of this section is based on 
the volume % ethanol content of the 
fuel as determined during blending by 
the fuel supplier and as stated by the 
supplier at the time of fuel delivery. 
Use good engineering judgment to de-
termine the volume % of ethanol based 
on the volume of each blendstock. We 
recommend using a flow-based or 

gravimetric procedure that has an ac-
curacy and repeatability of ±0.1%. 

(c) The specifications of this para-
graph (c) apply for testing with neat 
gasoline. This is sometimes called 
indolene or E0 test fuel. Gasoline for 
testing must have octane values that 
represent commercially available fuels 
for the appropriate application. Test 
fuel specifications apply as follows: 

TABLE 2 OF § 1065.710—TEST FUEL SPECIFICATIONS FOR NEAT (E0) GASOLINE 

Property Unit 

Specification 
Reference proce-

dure 1 General testing Low-temperature 
testing 

Distillation Range: 
Evaporated initial boiling point °C .......................... 24–352 ................... 24–36 .................... ASTM D86 
10% evaporated ....................... ................................ 49–57 .................... 37–48.
50% evaporated ....................... ................................ 93–110 .................. 82–101.
90% evaporated ....................... ................................ 149–163 ................ 158–174.
Evaporated final boiling point .. ................................ Maximum, 213 ....... Maximum, 212.

Hydrocarbon composition: 
Olefins ...................................... volume % .............. Maximum, 10 ......... Maximum, 17.5 ...... ASTM D1319 
Aromatics ................................. ................................ Maximum, 35 ......... Maximum, 30.4.
Saturates .................................. ................................ Remainder ............. Remainder.

Lead ....................................................... g/liter ...................... Maximum, 0.013 .... Maximum, 0.013 .... ASTM D3237 
Phosphorous .......................................... g/liter ...................... Maximum, 0.0013 .. Maximum, 0.005 .... ASTM D3231 
Total sulfur ............................................. mg/kg ..................... Maximum, 80 ......... Maximum, 80 ......... ASTM D2622 
Dry vapor pressure equivalent 3 ............. kPa (psi) ................ 60.0–63.4 2,4 (8.7– 

9.2).
77.2–81.4 (11.2– 

11.8).
ASTM D5191 

1 ASTM procedures are incorporated by reference in § 1065.1010. See § 1065.701(d) for other allowed procedures. 
2 For testing at altitudes above 1219 m, the specified initial boiling point range is (23.9 to 40.6) °C and the specified volatility 

range is (52.0 to 55.2) kPa ((7.5 to 8.0) psi). 
3 Calculate dry vapor pressure equivalent, DVPE, based on the measured total vapor pressure, pT, in kPa using the following 

equation: DVPE (kPa) = 0.956 · pT¥2.39 or DVPE (psi) = 0.956 · pT¥0.347. DVPE is intended to be equivalent to Reid Vapor 
Pressure using a different test method. 

4 For testing unrelated to evaporative emissions, the specified range is (55.2 to 63.4) kPa ((8.0 to 9.2) psi). 

(d) Use the high-octane gasoline spec-
ified in paragraph (b) of this section 
only for engines or vehicles for which 
the manufacturer conditions the war-
ranty on the use of premium gasoline. 

[79 FR 23809, Apr. 28, 2014, as amended at 80 
FR 9119, Feb. 19, 2015] 

§ 1065.715 Natural gas. 

(a) Except as specified in paragraph 
(b) of this section, natural gas for test-
ing must meet the specifications in the 
following table: 

TABLE 1 OF § 1065.715—TEST FUEL SPECIFICATIONS FOR NATURAL GAS 

Property Value 1 

Methane, CH4 .................................................................................................................. Minimum, 0.87 mol/mol. 
Ethane, C2H6 ................................................................................................................... Maximum, 0.055 mol/mol. 
Propane, C3H8 ................................................................................................................. Maximum, 0.012 mol/mol. 
Butane, C4H10 .................................................................................................................. Maximum, 0.0035 mol/mol. 
Pentane, C5H12 ................................................................................................................ Maximum, 0.0013 mol/mol. 
C6 and higher .................................................................................................................. Maximum, 0.001 mol/mol. 
Oxygen ............................................................................................................................ Maximum, 0.001 mol/mol. 
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TABLE 1 OF § 1065.715—TEST FUEL SPECIFICATIONS FOR NATURAL GAS—Continued 

Property Value 1 

Inert gases (sum of CO2 and N2) .................................................................................... Maximum, 0.051 mol/mol. 

1 Demonstrate compliance with fuel specifications based on the reference procedures in ASTM D1945 (incorporated by ref-
erence in § 1065.1010), or on other measurement procedures using good engineering judgment. See § 1065.701(d) for other al-
lowed procedures. 

(b) In certain cases you may use test 
fuel not meeting the specifications in 
paragraph (a) of this section, as fol-
lows: 

(1) You may use fuel that your in-use 
engines normally use, such as pipeline 
natural gas. 

(2) You may use fuel meeting alter-
nate specifications if the standard-set-
ting part allows it. 

(3) You may ask for approval to use 
fuel that does not meet the specifica-
tions in paragraph (a) of this section, 
but only if using the fuel would not ad-
versely affect your ability to dem-
onstrate compliance with the applica-
ble standards. 

(c) When we conduct testing using 
natural gas, we will use fuel that meets 
the specifications in paragraph (a) of 
this section. 

(d) At ambient conditions, natural 
gas must have a distinctive odor de-
tectable down to a concentration in air 
not more than one-fifth the lower flam-
mable limit. 

[73 FR 37342, June 30, 2008, as amended at 79 
FR 23811, Apr. 28, 2014] 

§ 1065.720 Liquefied petroleum gas. 
(a) Except as specified in paragraph 

(b) of this section, liquefied petroleum 
gas for testing must meet the speci-
fications in the following table: 

TABLE 1 OF § 1065.720—TEST FUEL SPECIFICATIONS FOR LIQUEFIED PETROLEUM GAS 

Property Value Reference procedure 1 

Propane, C3H8 ....................................................................... Minimum, 0.85 m3/m3 ................ ASTM D2163. 
Vapor pressure at 38 °C ....................................................... Maximum, 1400 kPa .................. ASTM D1267or D2598.2 
Volatility residue (evaporated temperature, 35 °C) ............... Maximum, ¥38 °C ..................... ASTM D1837. 
Butanes ................................................................................. Maximum, 0.05 m3/m3 ............... ASTM D2163. 
Butenes ................................................................................. Maximum, 0.02 m3/m3 ............... ASTM D2163. 
Pentenes and heavier ........................................................... Maximum, 0.005 m3/m3 ............. ASTM D2163. 
Propene ................................................................................. Maximum, 0.1 m3/m3 ................. ASTM D2163. 
Residual matter (residue on evaporation of 100 ml oil stain 

observation).
Maximum, 0.05 ml pass3 ........... ASTM D2158. 

Corrosion, copper strip .......................................................... Maximum, No. 1 ......................... ASTM D1838. 
Sulfur ..................................................................................... Maximum, 80 mg/kg ................... ASTM D2784. 
Moisture content .................................................................... pass ............................................ ASTM D2713. 

1 ASTM procedures are incorporated by reference in § 1065.1010. See § 1065.701(d) for other allowed procedures. 
2 If these two test methods yield different results, use the results from ASTM D1267. 
3 The test fuel must not yield a persistent oil ring when you add 0.3 ml of solvent residue mixture to a filter paper in 0.1 ml in-

crements and examine it in daylight after two minutes. 

(b) In certain cases you may use test 
fuel not meeting the specifications in 
paragraph (a) of this section, as fol-
lows: 

(1) You may use fuel that your in-use 
engines normally use, such as commer-
cial-quality liquefied petroleum gas. 

(2) You may use fuel meeting alter-
nate specifications if the standard-set-
ting part allows it. 

(3) You may ask for approval to use 
fuel that does not meet the specifica-
tions in paragraph (a) of this section, 
but only if using the fuel would not ad-

versely affect your ability to dem-
onstrate compliance with the applica-
ble standards. 

(c) When we conduct testing using 
liquefied petroleum gas, we will use 
fuel that meets the specifications in 
paragraph (a) of this section. 

(d) At ambient conditions, liquefied 
petroleum gas must have a distinctive 
odor detectable down to a concentra-
tion in air not more than one-fifth the 
lower flammable limit. 

[73 FR 37342, June 30, 2008, as amended at 79 
FR 23811, Apr. 28, 2014] 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00256 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



247 

Environmental Protection Agency § 1065.750 

§ 1065.725 High-level ethanol-gasoline 
blends. 

For testing vehicles capable of oper-
ating on a high-level ethanol-gasoline 
blend, create a test fuel as follows: 

(a) Add ethanol to an E10 fuel meet-
ing the specifications described in 
§ 1065.710 until the ethanol content of 
the blended fuel is between 80 and 83 
volume %. 

(b) You may alternatively add eth-
anol to a gasoline base fuel with no 
ethanol if you can demonstrate that 
such a base fuel blended with the prop-
er amount of ethanol would meet all 
the specifications for E10 test fuel de-
scribed in § 1065.710, other than the eth-
anol content. 

(c) The ethanol used for blending 
must be either denatured ethanol 
meeting the specifications in 40 CFR 
80.1610, or fuel-grade ethanol with no 
denaturant. Account for the volume of 
any denaturant when calculating volu-
metric percentages. 

(d) The blended test fuel must have a 
dry vapor pressure equivalent between 
41.5 and 45.1 kPa (6.0 and 6.5 psi) when 
measured using the procedure specified 
in § 1065.710. You may add commercial 
grade butane as needed to meet this 
specification. 

[79 FR 23811, Apr. 28, 2014] 

§ 1065.735 Diesel exhaust fluid. 

(a) Use commercially available diesel 
exhaust fluid that represents the prod-
uct that will be used in your in-use en-
gines. 

(b) Diesel exhaust fluid for testing 
must generally conform to the speci-
fications referenced in the definition of 
‘‘diesel exhaust fluid’’ in § 1065.1001. Use 
marine-grade diesel exhaust fluid only 
for marine engines. 

[81 FR 74191, Oct. 25, 2016] 

§ 1065.740 Lubricants. 
(a) Use commercially available lubri-

cating oil that represents the oil that 
will be used in your engine in use. 

(b) You may use lubrication addi-
tives, up to the levels that the additive 
manufacturer recommends. 

§ 1065.745 Coolants. 
(a) You may use commercially avail-

able antifreeze mixtures or other cool-
ants that will be used in your engine in 
use. 

(b) For laboratory testing of liquid- 
cooled engines, you may use water 
with or without rust inhibitors. 

(c) For coolants allowed in para-
graphs (a) and (b) of this section, you 
may use rust inhibitors and additives 
required for lubricity, up to the levels 
that the additive manufacturer rec-
ommends. 

§ 1065.750 Analytical gases. 
Analytical gases must meet the accu-

racy and purity specifications of this 
section, unless you can show that other 
specifications would not affect your 
ability to show that you comply with 
all applicable emission standards. 

(a) Subparts C, D, F, and J of this 
part refer to the following gas speci-
fications: 

(1) Use purified gases to zero meas-
urement instruments and to blend with 
calibration gases. Use gases with con-
tamination no higher than the highest 
of the following values in the gas cyl-
inder or at the outlet of a zero-gas gen-
erator: 

(i) 2% contamination, measured rel-
ative to the flow-weighted mean con-
centration expected at the standard. 
For example, if you would expect a 
flow-weighted CO concentration of 100.0 
μmol/mol, then you would be allowed to 
use a zero gas with CO contamination 
less than or equal to 2.000 μmol/mol. 

(ii) Contamination as specified in the 
following table: 

TABLE 1 OF § 1065.750—GENERAL SPECIFICATIONS FOR PURIFIED GASES 1 

Constituent Purified air Purified N2 

THC (C1-equivalent) .............................................. ≤0.05 μmol/mol .................................................... ≤0.05 μmol/mol. 
CO ......................................................................... ≤1 μmol/mol ......................................................... ≤1 μmol/mol. 
CO2 ........................................................................ ≤10 μmol/mol ....................................................... ≤10 μmol/mol. 
O2 .......................................................................... 0.205 to 0.215 mol/mol ....................................... ≤2 μmol/mol. 
NOX ....................................................................... ≤0.02 μmol/mol .................................................... ≤0.02 μmol/mol. 
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TABLE 1 OF § 1065.750—GENERAL SPECIFICATIONS FOR PURIFIED GASES 1—Continued 

Constituent Purified air Purified N2 

N2O2 ...................................................................... ≤0.02 μmol/mol .................................................... ≤0.02 μmol/mol. 

1 We do not require these levels of purity to be NIST-traceable. 
2 The N2O limit applies only if the standard-setting part requires you to report N2O or certify to an N2O standard. 

(2) Use the following gases with a 
FID analyzer: 

(i) FID fuel. Use FID fuel with a stat-
ed H2 concentration of (0.39 to 0.41) 
mol/mol, balance He or N2, and a stated 
total hydrocarbon concentration of 0.05 
μmol/mol or less. For GC–FIDs that 
measure methane (CH4) using a FID 
fuel that is balance N2, perform the CH4 
measurement as described in SAE J1151 
(incorporated by reference in 
§ 1065.1010). 

(ii) FID burner air. Use FID burner air 
that meets the specifications of puri-
fied air in paragraph (a)(1) of this sec-
tion. For field testing, you may use 
ambient air. 

(iii) FID zero gas. Zero flame-ioniza-
tion detectors with purified gas that 
meets the specifications in paragraph 
(a)(1) of this section, except that the 
purified gas O2 concentration may be 
any value. Note that FID zero balance 
gases may be any combination of puri-
fied air and purified nitrogen. We rec-
ommend FID analyzer zero gases that 
contain approximately the expected 
flow-weighted mean concentration of 
O2 in the exhaust sample during test-
ing. 

(iv) FID propane span gas. Span and 
calibrate THC FID with span con-
centrations of propane, C3H8. Calibrate 
on a carbon number basis of one (C1). 
For example, if you use a C3H8 span gas 
of concentration 200 μmol/mol, span a 
FID to respond with a value of 600 
μmol/mol. Note that FID span balance 
gases may be any combination of puri-
fied air and purified nitrogen. We rec-
ommend FID analyzer span gases that 
contain approximately the flow- 
weighted mean concentration of O2 ex-
pected during testing. If the expected 
O2 concentration in the exhaust sample 
is zero, we recommend using a balance 
gas of purified nitrogen. 

(v) FID CH4 span gas. If you always 
span and calibrate a CH4 FID with a 
nonmethane cutter, then span and cali-
brate the FID with span concentrations 

of CH4. Calibrate on a carbon number 
basis of one (C1). For example, if you 
use a CH4 span gas of concentration 200 
μmol/mol, span a FID to respond with a 
value of 200 μmol/mol. Note that FID 
span balance gases may be any com-
bination of purified air and purified ni-
trogen. We recommend FID analyzer 
span gases that contain approximately 
the expected flow-weighted mean con-
centration of O2 in the exhaust sample 
during testing. If the expected O2 con-
centration in the exhaust sample is 
zero, we recommend using a balance 
gas of purified nitrogen. 

(3) Use the following gas mixtures, 
with gases traceable within ±1% of the 
NIST-accepted value or other gas 
standards we approve: 

(i) CH4, balance purified air and/or N2 
(as applicable). 

(ii) C2H6, balance purified air and/or 
N2 (as applicable). 

(iii) C3H8, balance purified air and/or 
N2 (as applicable). 

(iv) CO, balance purified N2. 
(v) CO2, balance purified N2. 
(vi) NO, balance purified N2. 
(vii) NO2, balance purified air. 
(viii) O2, balance purified N2. 
(ix) C3H8, CO, CO2, NO, balance puri-

fied N2. 
(x) C3H8, CH4, CO, CO2, NO, balance 

purified N2. 
(xi) N2O, balance purified air and/or 

N2 (as applicable). 
(xii) CH4, C2H6, balance purified air 

and/or N2 (as applicable). 
(xiii) CH4, CH2O, CH2O2, C2H2, C2H4, 

C2H4O, C2H6, C3H8, C3H6, CH4O, and 
C4H10. You may omit individual gas 
constituents from this gas mixture. If 
your gas mixture contains oxygenated 
hydrocarbon, your gas mixture must be 
in balance purified N2, otherwise you 
may use balance purified air. 

(4) You may use gases for species 
other than those listed in paragraph 
(a)(3) of this section (such as methanol 
in air, which you may use to determine 
response factors), as long as they are 
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traceable to within ±3% of the NIST- 
accepted value or other similar stand-
ards we approve, and meet the stability 
requirements of paragraph (b) of this 
section. 

(5) You may generate your own cali-
bration gases using a precision blend-
ing device, such as a gas divider, to di-
lute gases with purified N2 or purified 
air. If your gas divider meets the speci-
fications in § 1065.248, and the gases 
being blended meet the requirements of 
paragraphs (a)(1) and (3) of this section, 
the resulting blends are considered to 
meet the requirements of this para-
graph (a). 

(b) Record the concentration of any 
calibration gas standard and its expira-
tion date specified by the gas supplier. 

(1) Do not use any calibration gas 
standard after its expiration date, ex-
cept as allowed by paragraph (b)(2) of 
this section. 

(2) Calibration gases may be re-
labeled and used after their expiration 
date as follows: 

(i) Alcohol/carbonyl calibration gases 
used to determine response factors ac-
cording to subpart I of this part may be 
relabeled as specified in subpart I of 
this part. 

(ii) Other gases may be relabeled and 
used after the expiration date only if 
we approve it in advance. 

(c) Transfer gases from their source 
to analyzers using components that are 
dedicated to controlling and transfer-
ring only those gases. For example, do 
not use a regulator, valve, or transfer 
line for zero gas if those components 
were previously used to transfer a dif-
ferent gas mixture. We recommend 
that you label regulators, valves, and 
transfer lines to prevent contamina-
tion. Note that even small traces of a 
gas mixture in the dead volume of a 
regulator, valve, or transfer line can 
diffuse upstream into a high-pressure 
volume of gas, which would contami-
nate the entire high-pressure gas 
source, such as a compressed-gas cyl-
inder. 

(d) To maintain stability and purity 
of gas standards, use good engineering 
judgment and follow the gas standard 
supplier’s recommendations for storing 
and handling zero, span, and calibra-
tion gases. For example, it may be nec-

essary to store bottles of condensable 
gases in a heated environment. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37343, June 30, 2008; 74 FR 56518, Oct. 30, 
2009; 75 FR 68465, Nov. 8, 2010; 76 FR 57467, 
Sept. 15, 2011; 79 FR 23811, Apr. 28, 2014; 81 FR 
74191, Oct. 25, 2016] 

§ 1065.790 Mass standards. 

(a) PM balance calibration weights. Use 
PM balance calibration weights that 
are certified as NIST-traceable within 
0.1% uncertainty. Calibration weights 
may be certified by any calibration lab 
that maintains NIST-traceability. 
Make sure your highest calibration 
weight has no greater than ten times 
the mass of an unused PM-sample me-
dium. 

(b) Dynamometer calibration weights. 
[Reserved] 

[70 FR 40516, July 13, 2005, as amended at 76 
FR 57467, Sept. 15, 2011] 

Subpart I—Testing With 
Oxygenated Fuels 

§ 1065.801 Applicability. 

(a) This subpart applies for testing 
with oxygenated fuels. Unless the 
standard-setting part specifies other-
wise, the requirements of this subpart 
do not apply for fuels that contain less 
than 25% oxygenated compounds by 
volume. For example, you generally do 
not need to follow the requirements of 
this subpart for tests performed using a 
fuel containing 10% ethanol and 90% 
gasoline, but you must follow these re-
quirements for tests performed using a 
fuel containing 85% ethanol and 15% 
gasoline. 

(b) Section 1065.805 applies for all 
other testing that requires measure-
ment of any alcohols or carbonyls. 

(c) This subpart specifies sampling 
procedures and calculations that are 
different than those used for non- 
oxygenated fuels. All other test proce-
dures of this part 1065 apply for testing 
with oxygenated fuels. 

§ 1065.805 Sampling system. 

(a) Dilute engine exhaust, and use 
batch sampling to collect proportional 
flow-weighted dilute samples of the ap-
plicable alcohols and carbonyls. You 
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may not use raw sampling for alcohols 
and carbonyls. 

(b) You may collect background sam-
ples for correcting dilution air for 
background concentrations of alcohols 
and carbonyls. 

(c) Maintain sample temperatures 
within the dilution tunnel, probes, and 
sample lines high enough to prevent 
aqueous condensation up to the point 
where a sample is collected to prevent 
loss of the alcohols and carbonyls by 
dissolution in condensed water. Use 
good engineering judgment to ensure 
that surface reactions of alcohols and 
carbonyls do not occur, as surface de-
composition of methanol has been 
shown to occur at temperatures great-
er than 120 °C in exhaust from meth-
anol-fueled engines. 

(d) You may bubble a sample of the 
exhaust through water to collect alco-
hols for later analysis. You may also 
use a photoacoustic analyzer to quan-
tify ethanol and methanol in an ex-
haust sample as described in § 1065.269. 

(e) Sample the exhaust through car-
tridges impregnated with 2,4-dinitro-
phenylhydrazine to collect carbonyls 
for later analysis. If the standard-set-
ting part specifies a duty cycle that 
has multiple test intervals (such as 
multiple engine starts or an engine-off 
soak phase), you may proportionally 
collect a single carbonyl sample for the 
entire duty cycle. For example, if the 
standard-setting part specifies a six-to- 
one weighting of hot-start to cold-start 
emissions, you may collect a single 
carbonyl sample for the entire duty 
cycle by using a hot-start sample flow 
rate that is six times the cold-start 
sample flow rate. 

(f) You may sample alcohols or 
carbonyls using ‘‘California Non-Meth-
ane Organic Gas Test Procedures’’ (in-
corporated by reference in § 1065.1010). 
If you use this method, follow its cal-
culations to determine the mass of the 
alcohol/carbonyl in the exhaust sam-
ple, but follow subpart G of this part 
for all other calculations (40 CFR part 
1066, subpart G, for vehicle testing). 

(g) Use good engineering judgment to 
sample other oxygenated hydrocarbon 
compounds in the exhaust. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37343, June 30, 2008; 79 FR 23812, Apr. 28, 
2014] 

§ 1065.845 Response factor determina-
tion. 

Since FID analyzers generally have 
an incomplete response to alcohols and 
carbonyls, determine each FID ana-
lyzer’s alcohol/carbonyl response factor 
(RFOHCi[THC-FID]) after FID optimization 
to subtract those responses from the 
FID reading. Use the most recently de-
termined alcohol/carbonyl response 
factors to compensate for alcohol/car-
bonyl response. You are not required to 
determine the response factor for a 
compound unless you will subtract its 
response to compensate for a response. 

(a) You may generate response fac-
tors as described in paragraph (b) of 
this section, or you may use the fol-
lowing default response factors, con-
sistent with good engineering judg-
ment: 

TABLE 1 OF § 1065.845—DEFAULT VALUES FOR 
THC FID RESPONSE FACTOR RELATIVE TO 
PROPANE ON A C1-EQUIVALENT BASIS 

Compound Response 
factor (RF) 

acetaldehyde ............................................... 0.50 
ethanol ......................................................... 0.75 
formaldehyde ............................................... 0.00 
methanol ...................................................... 0.63 
propanol ....................................................... 0.85 

(b) Determine the alcohol/carbonyl 
response factors as follows: 

(1) Select a C3H8 span gas that meets 
the specifications of § 1065.750. Note 
that FID zero and span balance gases 
may be any combination of purified air 
or purified nitrogen that meets the 
specifications of § 1065.750. We rec-
ommend FID analyzer zero and span 
gases that contain approximately the 
flow-weighted mean concentration of 
O2 expected during testing. Record the 
C3H8 concentration of the gas. 

(2) Select or prepare an alcohol/car-
bonyl calibration gas that meets the 
specifications of § 1065.750 and has a 
concentration typical of the peak con-
centration expected at the hydrocarbon 
standard. Record the calibration con-
centration of the gas. 

(3) Start and operate the FID ana-
lyzer according to the manufacturer’s 
instructions. 

(4) Confirm that the FID analyzer has 
been calibrated using C3H8. Calibrate 
on a carbon number basis of one (C1). 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00260 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



251 

Environmental Protection Agency § 1065.901 

For example, if you use a C3H8 span gas 
of concentration 200 μmol/mol, span the 
FID to respond with a value of 600 
μmol/mol. 

(5) Zero the FID. Note that FID zero 
and span balance gases may be any 
combination of purified air or purified 
nitrogen that meets the specifications 
of § 1065.750. We recommend FID ana-
lyzer zero and span gases that contain 
approximately the flow-weighted mean 
concentration of O2 expected during 
testing. 

(6) Span the FID with the C3H8 span 
gas that you selected under paragraph 
(a)(1) of this section. 

(7) Introduce at the inlet of the FID 
analyzer the alcohol/carbonyl calibra-
tion gas that you selected under para-
graph (a)(2) of this section. 

(8) Allow time for the analyzer re-
sponse to stabilize. Stabilization time 
may include time to purge the analyzer 
and to account for its response. 

(9) While the analyzer measures the 
alcohol/carbonyl concentration, record 
30 seconds of sampled data. Calculate 
the arithmetic mean of these values. 

(10) Divide the mean measured con-
centration by the recorded span con-
centration of the alcohol/carbonyl cali-
bration gas on a C1-equivalent basis. 
The result is the FID analyzer’s re-
sponse factor for alcohol/carbonyl, 
RFOHCi[THC-FID] on a C1-equivalent basis. 

(c) Alcohol/carbonyl calibration 
gases must remain within ±2% of the 
labeled concentration. You must dem-
onstrate the stability based on a quar-
terly measurement procedure with a 
precision of ±2% percent or another 
method that we approve. Your meas-
urement procedure may incorporate 
multiple measurements. If the true 
concentration of the gas changes devi-
ates by more than ±2%, but less than 
±10%, the gas may be relabeled with 
the new concentration. 

[79 FR 23812, Apr. 28, 2014, as amended at 79 
FR 36658, June 30, 2014] 

§ 1065.850 Calculations. 

Use the calculations specified in 
§ 1065.665 to determine THCE or 
NMHCE and the calculations specified 
in 40 CFR 1066.635 to determine NMOG. 

[79 FR 23813, Apr. 28, 2014] 

Subpart J—Field Testing and Port-
able Emission Measurement 
Systems 

§ 1065.901 Applicability. 
(a) Field testing. This subpart speci-

fies procedures for field-testing engines 
to determine brake-specific emissions 
using portable emission measurement 
systems (PEMS). These procedures are 
designed primarily for in-field meas-
urements of engines that remain in-
stalled in vehicles or equipment in the 
field. Field-test procedures apply to 
your engines only as specified in the 
standard-setting part. 

(b) Laboratory testing. You may use 
PEMS for any testing in a laboratory 
or similar environment without re-
striction or prior approval if the PEMS 
meets all applicable specifications for 
laboratory testing. You may also use 
PEMS for any testing in a laboratory 
or similar environment if we approve it 
in advance, subject to the following 
provisions: 

(1) Follow the laboratory test proce-
dures specified in this part 1065, accord-
ing to § 1065.905(e). 

(2) Do not apply any PEMS-related 
field-testing adjustments or measure-
ment allowances to laboratory emis-
sion results or standards. 

(3) Do not use PEMS for laboratory 
measurements if it prevents you from 
demonstrating compliance with the ap-
plicable standards. Some of the PEMS 
requirements in this part 1065 are less 
stringent than the corresponding lab-
oratory requirements. Depending on 
actual PEMS performance, you might 
therefore need to account for some ad-
ditional measurement uncertainty 
when using PEMS for laboratory test-
ing. If we ask, you must show us by en-
gineering analysis that any additional 
measurement uncertainty due to your 
use of PEMS for laboratory testing is 
offset by the extent to which your en-
gine’s emissions are below the applica-
ble standards. For example, you might 
show that PEMS versus laboratory un-
certainty represents 5% of the stand-
ard, but your engine’s deteriorated 
emissions are at least 20% below the 
standard for each pollutant. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37344, June 30, 2008] 
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§ 1065.905 General provisions. 
(a) General. Unless the standard-set-

ting part specifies deviations from the 
provisions of this subpart, field testing 
and laboratory testing with PEMS 
must conform to the provisions of this 
subpart. Use good engineering judg-
ment when testing with PEMS to en-
sure proper function of the instruments 
under test conditions. For example, 
this may require additional mainte-
nance or calibration for field testing or 
may require verification after moving 
the PEMS unit. 

(b) Field-testing scope. Field testing 
conducted under this subpart may in-
clude any normal in-use operation of 
an engine. 

(c) Field testing and the standard-set-
ting part. This subpart J specifies pro-
cedures for field-testing various cat-
egories of engines. See the standard- 
setting part for specific provisions for a 
particular type of engine. Before using 
this subpart’s procedures for field test-
ing, read the standard-setting part to 
answer at least the following ques-
tions: 

(1) How many engines must I test in 
the field? 

(2) How many times must I repeat a 
field test on an individual engine? 

(3) How do I select vehicles for field 
testing? 

(4) What maintenance steps may I 
take before or between tests? 

(5) What data are needed for a single 
field test on an individual engine? 

(6) What are the limits on ambient 
conditions for field testing? Note that 
the ambient condition limits in 
§ 1065.520 do not apply for field testing. 
Field testing may occur at any ambi-
ent temperature, pressure, and humid-
ity unless otherwise specified in the 
standard-setting part. 

(7) Which exhaust constituents do I 
need to measure? 

(8) How do I account for crankcase 
emissions? 

(9) Which engine and ambient param-
eters do I need to measure? 

(10) How do I process the data re-
corded during field testing to deter-
mine if my engine meets field-testing 
standards? How do I determine indi-
vidual test intervals? Note that ‘‘test 
interval’’ is defined in subpart K of this 
part 1065. 

(11) Should I warm up the test engine 
before measuring emissions, or do I 
need to measure cold-start emissions 
during a warm-up segment of in-use op-
eration? 

(12) Do any unique specifications 
apply for test fuels? 

(13) Do any special conditions invali-
date parts of a field test or all of a field 
test? 

(14) Does any special measurement 
allowance apply to field-test emission 
results or standards, based on using 
PEMS for field-testing versus using 
laboratory equipment and instruments 
for laboratory testing? 

(15) Do results of initial field testing 
trigger any requirement for additional 
field testing or laboratory testing? 

(16) How do I report field-testing re-
sults? 

(d) Field testing and this part 1065. Use 
the following specifications for field 
testing: 

(1) Use the applicability and general 
provisions of subpart A of this part. 

(2) Use equipment specifications in 
§ 1065.101 and in the sections from 
§ 1065.140 to the end of subpart B of this 
part, with the exception of 
§§ 1065.140(e)(1) and (4), 1065.170(c)(1)(vi), 
and 1065.195(c). Section 1065.910 identi-
fies additional equipment that is spe-
cific to field testing. 

(i) For PM samples, configure dilu-
tion systems as follows: 

(A) Use good engineering judgment to 
control dilution air temperature. If you 
choose to directly and actively control 
dilution air temperature, set the tem-
perature to 25 °C. 

(B) Control sample temperature to a 
(32 to 62) °C tolerance, as measured 
anywhere within 20 cm upstream or 
downstream of the PM storage media 
(such as a filter or oscillating crystal), 
where the tolerance applies only during 
sampling. 

(C) Maintain filter face velocity to a 
(5 to 100) cm/s tolerance for flow- 
through media. Compliance with this 
provision can be verified by engineer-
ing analysis. This provision does not 
apply for non-flow-through media. 

(ii) For inertial PM balances, there is 
no requirement to control the sta-
bilization environment temperature or 
dewpoint. 
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(3) Use measurement instruments in 
subpart C of this part, except as speci-
fied in § 1065.915. 

(4) Use calibrations and verifications 
in subpart D of this part, except as 
specified in § 1065.920. Section 1065.920 
also specifies additional calibrations 
and verifications for field testing. 

(5) Use the provisions of the stand-
ard-setting part for selecting and main-
taining engines in the field instead of 
the specifications in subpart E of this 
part. 

(6) Use the procedures in §§ 1065.930 
and 1065.935 to start and run a field 
test. If you use a gravimetric balance 
for PM, weigh PM samples according to 
§§ 1065.590 and 1065.595. 

(7) Use the calculations in subpart G 
of this part to calculate emissions over 
each test interval. Note that ‘‘test in-
terval’’ is defined in subpart K of this 
part 1065, and that the standard setting 
part indicates how to determine test 
intervals for your engine. 

Section 1065.940 specifies additional 
calculations for field testing. Use any 
calculations specified in the standard- 
setting part to determine if your en-
gines meet the field-testing standards. 
The standard-setting part may also 
contain additional calculations that 
determine when further field testing is 
required. 

(8) Use a typical in-use fuel meeting 
the specifications of § 1065.701(d). 

(9) Use the lubricant and coolant 
specifications in §§ 1065.740 and 1065.745. 

(10) Use the analytical gases and 
other calibration standards in § 1065.750 
and § 1065.790. 

(11) If you are testing with 
oxygenated fuels, use the procedures 
specified for testing with oxygenated 
fuels in subpart I of this part. 

(12) Apply the definitions and ref-
erence materials in subpart K of this 
part. 

(e) Laboratory testing using PEMS. 
You may use PEMS for testing in a 

laboratory as described in § 1065.901(b). 
Use the following procedures and speci-
fications when using PEMS for labora-
tory testing: 

(1) Use the applicability and general 
provisions of subpart A of this part. 

(2) Use equipment specifications in 
subpart B of this part. Section 1065.910 
specifies additional equipment specific 
to testing with PEMS. 

(3) Use measurement instruments in 
subpart C of this part, except as speci-
fied in § 1065.915. 

(4) Use calibrations and verifications 
in subpart D of this part, except as 
specified in § 1065.920. Section 1065.920 
also specifies additional calibration 
and verifications for PEMS. 

(5) Use the provisions of § 1065.401 for 
selecting engines for testing. Use the 
provisions of subpart E of this part for 
maintaining engines, except as speci-
fied in the standard-setting part. 

(6) Use the procedures in subpart F of 
this part and in the standard-setting 
part to start and run a laboratory test. 

(7) Use the calculations in subpart G 
of this part to calculate emissions over 
the applicable duty cycle. Section 
1065.940 specifies additional calcula-
tions for testing with PEMS. 

(8) Use a fuel meeting the specifica-
tions of subpart H of this part, as speci-
fied in the standard-setting part. 

(9) Use the lubricant and coolant 
specifications in §§ 1065.740 and 1065.745. 

(10) Use the analytical gases and 
other calibration standards in 
§§ 1065.750 and 1065.790. 

(11) If you are testing with 
oxygenated fuels, use the procedures 
specified for testing with oxygenated 
fuels in subpart I of this part. 

(12) Apply the definitions and ref-
erence materials in subpart K of this 
part. 

(f) Summary. The following table sum-
marizes the requirements of para-
graphs (d) and (e) of this section: 

TABLE 1 OF § 1065.905—SUMMARY OF TESTING REQUIREMENTS SPECIFIED OUTSIDE OF THIS 
SUBPART J 

Subpart Applicability for field testing 1 

Applicability for labora-
tory or similar testing 

with PEMS without re-
striction 1 

Applicability for labora-
tory or similar testing 

with PEMS with 
restrictions 1 

A: Applicability and gen-
eral provisions.

Use all ................................................................. Use all .......................... Use all. 
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TABLE 1 OF § 1065.905—SUMMARY OF TESTING REQUIREMENTS SPECIFIED OUTSIDE OF THIS 
SUBPART J—Continued 

Subpart Applicability for field testing 1 

Applicability for labora-
tory or similar testing 

with PEMS without re-
striction 1 

Applicability for labora-
tory or similar testing 

with PEMS with 
restrictions 1 

B: Equipment for testing Use § 1065.101 and § 1065.140 through the end 
of subpart B, except § 1065.140(e)(1) and (4), 
§ 1065.170(c)(1)(vi), and § 1065.195(c). 
§ 1065.910 specifies equipment specific to 
field testing.

Use all .......................... Use all. § 1065.910 
specifies equipment 
specific to laboratory 
testing with PEMS. 

C: Measurement instru-
ments.

Use all. § 1065.915 allows deviations ................. Use all except 
§ 1065.295(c).

Use all except 
§ 1065.295(c). 
§ 1065.915 allows de-
viations. 

D: Calibrations and 
verifications.

Use all except § 1065.308 and § 1065.309. 
§ 1065.920 allows deviations, but also has ad-
ditional specifications.

Use all .......................... Use all. § 1065.920 al-
lows deviations, but 
also has additional 
specifications. 

E: Test engine selection, 
maintenance, and du-
rability.

Do not use. Use standard-setting part ................ Use all .......................... Use all. 

F: Running an emission 
test in the laboratory.

Use §§ 1065.590 and 1065.595 for PM 
§ 1065.930 and § 1065.935 to start and run a 
field test.

Use all .......................... Use all. 

G: Calculations and data 
requirements.

Use all. § 1065.940 has additional calculation in-
structions.

Use all .......................... Use all. § 1065.940 has 
additional calculation 
instructions. 

H: Fuels, engine fluids, 
analytical gases, and 
other calibration mate-
rials.

Use all ................................................................. Use all .......................... Use all. 

I: Testing with 
oxygenated fuels.

Use all ................................................................. Use all .......................... Use all. 

K: Definitions and ref-
erence materials.

Use all ................................................................. Use all .......................... Use all. 

1 Refer to paragraphs (d) and (e) of this section for complete specifications. 

[70 FR 40516, July 13, 2005, as amended at 73 FR 37344, June 30, 2008; 75 FR 68465, Nov. 8, 2010; 
79 FR 23813, Apr. 28, 2014] 

§ 1065.910 PEMS auxiliary equipment 
for field testing. 

For field testing you may use various 
types of auxiliary equipment to attach 
PEMS to a vehicle or engine and to 
power PEMS. 

(a) When you use PEMS, you may 
route engine intake air or exhaust 
through a flow meter. Route the engine 
intake air or exhaust as follows: 

(1) Flexible connections. Use short 
flexible connectors where necessary. 

(i) You may use flexible connectors 
to enlarge or reduce the pipe diameters 
to match that of your test equipment. 

(ii) We recommend that you use flexi-
ble connectors that do not exceed a 
length of three times their largest in-
side diameter. 

(iii) We recommend that you use 
four-ply silicone-fiberglass fabric with 
a temperature rating of at least 315 °C 
for flexible connectors. You may use 

connectors with a spring-steel wire 
helix for support and you may use 
Nomex TM coverings or linings for dura-
bility. You may also use any other 
nonreactive material with equivalent 
permeation-resistance and durability, 
as long as it seals tightly. 

(iv) Use stainless-steel hose clamps 
to seal flexible connectors, or use 
clamps that seal equivalently. 

(v) You may use additional flexible 
connectors to connect to flow meters. 

(2) Tubing. Use rigid 300 series stain-
less steel tubing to connect between 
flexible connectors. Tubing may be 
straight or bent to accommodate vehi-
cle geometry. You may use ‘‘T’’ or ‘‘Y’’ 
fittings made of 300 series stainless 
steel tubing to join multiple connec-
tions, or you may cap or plug redun-
dant flow paths if the engine manufac-
turer recommends it. 
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(3) Flow restriction. Use flow meters, 
connectors, and tubing that do not in-
crease flow restriction so much that it 
exceeds the manufacturer’s maximum 
specified value. You may verify this at 
the maximum exhaust flow rate by 
measuring pressure at the manufac-
turer-specified location with your sys-
tem connected. You may also perform 
an engineering analysis to verify an ac-
ceptable configuration, taking into ac-
count the maximum exhaust flow rate 
expected, the field test system’s flexi-
ble connectors, and the tubing’s char-
acteristics for pressure drops versus 
flow. 

(b) For vehicles or other motive 
equipment, we recommend installing 
PEMS in the same location where a 
passenger might sit. Follow PEMS 
manufacturer instructions for install-
ing PEMS in cargo spaces, engine 
spaces, or externally such that PEMS 
is directly exposed to the outside envi-
ronment. We recommend locating 
PEMS where it will be subject to mini-
mal sources of the following param-
eters: 

(1) Ambient temperature changes. 
(2) Ambient pressure changes. 
(3) Electromagnetic radiation. 
(4) Mechanical shock and vibration. 
(5) Ambient hydrocarbons—if using a 

FID analyzer that uses ambient air as 
FID burner air. 

(c) Use mounting hardware as re-
quired for securing flexible connectors, 
ambient sensors, and other equipment. 
Use structurally sound mounting 
points such as vehicle frames, trailer 
hitch receivers, walk spaces, and pay-
load tie-down fittings. We recommend 
mounting hardware such as clamps, 
suction cups, and magnets that are spe-
cifically designed for your application. 
We also recommend considering 
mounting hardware such as commer-
cially available bicycle racks, trailer 
hitches, and luggage racks where appli-
cable. 

(d) Field testing may require port-
able electrical power to run your test 
equipment. Power your equipment, as 
follows: 

(1) You may use electrical power 
from the vehicle, equipment, or vessel, 
up to the highest power level, such 
that all the following are true: 

(i) The power system is capable of 
safely supplying power, such that the 
power demand for testing does not 
overload the power system. 

(ii) The engine emissions do not 
change significantly as a result of the 
power demand for testing. 

(iii) The power demand for testing 
does not increase output from the en-
gine by more than 1% of its maximum 
power. 

(2) You may install your own port-
able power supply. For example, you 
may use batteries, fuel cells, a portable 
generator, or any other power supply 
to supplement or replace your use of 
vehicle power. You may connect an ex-
ternal power source directly to the ve-
hicle’s, vessel’s, or equipment’s power 
system; however, during a test interval 
(such as an NTE event) you must not 
supply power to the vehicle’s power 
system in excess of 1% of the engine’s 
maximum power. 

[73 FR 37344, June 30, 2008, as amended at 75 
FR 23058, Apr. 30, 2010] 

§ 1065.915 PEMS instruments. 
(a) Instrument specifications. We rec-

ommend that you use PEMS that meet 
the specifications of subpart C of this 
part. For unrestricted use of PEMS in 
a laboratory or similar environment, 
use a PEMS that meets the same speci-
fications as each lab instrument it re-
places. For field testing or for testing 
with PEMS in a laboratory or similar 
environment, under the provisions of 
§ 1065.905(b), the specifications in the 
following table apply instead of the 
specifications in Table 1 of § 1065.205. 

TABLE 1 OF § 1065.915—RECOMMENDED MINIMUM PEMS MEASUREMENT INSTRUMENT 
PERFORMANCE 

Measurement Measured 
quantity symbol 

Rise time, 
t10–90, and 
fall time, 

t90–10 

Recording 
update fre-

quency 
Accuracy 1 Repeat-

ability 1 Noise 1 

Engine speed transducer ....... fn ..................... 1 s 1 Hz means 5% of pt. or 
1% of max.

2% of pt. or 
1% of max.

0.5% of max. 
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TABLE 1 OF § 1065.915—RECOMMENDED MINIMUM PEMS MEASUREMENT INSTRUMENT 
PERFORMANCE—Continued 

Measurement Measured 
quantity symbol 

Rise time, 
t10–90, and 
fall time, 

t90–10 

Recording 
update fre-

quency 
Accuracy 1 Repeat-

ability 1 Noise 1 

Engine torque estimator, 
BSFC (This is a signal from 
an engine’s ECM).

T or BSFC ...... 1 s 1 Hz means 8% of pt. or 
5% of max.

2% of pt. or 
1% of max.

1% of max. 

General pressure transducer 
(not a part of another in-
strument).

p ...................... 5 s 1 Hz ............. 5% of pt. or 
5% of max.

2% of pt. or 
0.5% of 
max.

1% of max. 

Atmospheric pressure meter patmos ............... 50 s 0.1 Hz .......... 250 Pa ......... 200 Pa ......... 100 Pa. 
General temperature sensor 

(not a part of another in-
strument).

T ..................... 5 s 1 Hz ............. 1% of pt. K 
or 5 K.

0.5% of pt. K 
or 2 K.

0.5% of max 
0.5 K. 

General dewpoint sensor ....... Tdew ................. 50 s 0.1 Hz .......... 3 K ............... 1 K ............... 1 K. 
Exhaust flow meter ................ ṅ ...................... 1 s 1 Hz means 5% of pt. or 

3% of max.
2% of pt ....... 2% of max. 

Dilution air, inlet air, exhaust, 
and sample flow meters.

ṅ ...................... 1 s 1 Hz means 2.5% of pt. or 
1.5% of 
max.

1.25% of pt. 
or 0.75% 
of max.

1% of max. 

Continuous gas analyzer ....... x ...................... 5 s 1 Hz ............. 4% of pt. or 
4% of 
meas.

2% of pt. or 
2% of 
meas.

1% of max. 

Gravimetric PM balance ........ mPM ................ .................... ...................... See 
§ 1065.790.

0.5 μg.

Inertial PM balance ................ mPM ................ .................... ...................... 4% of pt. or 
4% of 
meas.

2% of pt. or 
2% of 
meas.

1% of max. 

1 Accuracy, repeatability, and noise are all determined with the same collected data, as described in § 1065.305, and based on 
absolute values. ‘‘pt.’’ refers to the overall flow-weighted mean value expected at the standard; ‘‘max.’’ refers to the peak value 
expected at the standard over any test interval, not the maximum of the instrument’s range; ‘‘meas’’ refers to the actual flow- 
weighted mean measured over any test interval. 

(b) Redundant measurements. For all 
PEMS described in this subpart, you 
may use data from multiple instru-
ments to calculate test results for a 
single test. If you use redundant sys-
tems, use good engineering judgment 
to use multiple measured values in cal-
culations or to disregard individual 
measurements. Note that you must 
keep your results from all measure-
ments, as described in § 1065.25. This re-
quirement applies whether or not you 
actually use the measurements in your 
calculations. 

(c) Field-testing ambient effects on 
PEMS. We recommend that you use 
PEMS that are only minimally af-
fected by ambient conditions such as 
temperature, pressure, humidity, phys-
ical orientation, mechanical shock and 
vibration, electromagnetic radiation, 
and ambient hydrocarbons. Follow the 
PEMS manufacturer’s instructions for 
proper installation to isolate PEMS 
from ambient conditions that affect 
their performance. If a PEMS is inher-
ently affected by ambient conditions 
that you cannot control, you may mon-
itor those conditions and adjust the 

PEMS signals to compensate for the 
ambient effect. The standard-setting 
part may also specify the use of one or 
more field-testing adjustments or 
measurement allowances that you 
apply to results or standards to ac-
count for ambient effects on PEMS. 

(d) ECM signals. You may use signals 
from the engine’s electronic control 
module (ECM) in place of values meas-
ured by individual instruments within 
a PEMS, subject to the following provi-
sions: 

(1) Recording ECM signals. If your 
ECM updates a broadcast signal more 
or less frequently than 1 Hz, process 
data as follows: 

(i) If your ECM updates a broadcast 
signal more frequently than 1 Hz, use 
PEMS to sample and record the sig-
nal’s value more frequently. Calculate 
and record the 1 Hz mean of the more 
frequently updated data. 

(ii) If your ECM updates a broadcast 
signal less frequently than 1 Hz, use 
PEMS to sample and record the sig-
nal’s value at the most frequent rate. 
Linearly interpolate between recorded 
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values and record the interpolated val-
ues at 1 Hz. 

(iii) Optionally, you may use PEMS 
to electronically filter the ECM signals 
to meet the rise time and fall time 
specifications in Table 1 of this sec-
tion. Record the filtered signal at 1 Hz. 

(2) Omitting ECM signals. Replace any 
discontinuous or irrational ECM data 
with linearly interpolated values from 
adjacent data. 

(3) Aligning ECM signals with other 
data. You must perform time-align-
ment and dispersion of ECM signals, 
according to PEMS manufacturer in-
structions and using good engineering 
judgment. 

(4) ECM signals for determining test in-
tervals. You may use any combination 
of ECM signals, with or without other 
measurements, to determine the start- 
time and end-time of a test interval. 

(5) ECM signals for determining brake- 
specific emissions. You may use any 
combination of ECM signals, with or 
without other measurements, to esti-
mate engine speed, torque, brake-spe-
cific fuel consumption (BSFC, in units 
of mass of fuel per kW-hr), and fuel 
rate for use in brake-specific emission 
calculations. We recommend that the 
overall performance of any speed, 
torque, or BSFC estimator should meet 
the performance specifications in Table 
1 of this section. We recommend using 
one of the following methods: 

(i) Speed. Use the engine speed signal 
directly from the ECM. This signal is 
generally accurate and precise. You 
may develop your own speed algorithm 
based on other ECM signals. 

(ii) Torque. Use one of the following: 
(A) ECM torque. Use the engine- 

torque signal directly from the ECM, if 
broadcast. Determine if this signal is 
proportional to indicated torque or 
brake torque. If it is proportional to in-
dicated torque, subtract friction torque 
from indicated torque and record the 
result as brake torque. Friction torque 
may be a separate signal broadcast 
from the ECM or you may have to de-
termine it from laboratory data as a 
function of engine speed. 

(B) ECM %-load. Use the %-load sig-
nal directly from the ECM, if broad-
cast. Determine if this signal is propor-
tional to indicated torque or brake 
torque. If it is proportional to indi-

cated torque, subtract the minimum 
%-load value from the %-load signal. 
Multiply this result by the maximum 
brake torque at the corresponding en-
gine speed. Maximum brake torque 
versus speed information is commonly 
published by the engine manufacturer. 

(C) Your algorithms. You may develop 
and use your own combination of ECM 
signals to determine torque. 

(iii) BSFC. Use one of the following: 
(A) Use ECM engine speed and ECM 

fuel flow signals to interpolate brake- 
specific fuel consumption data, which 
might be available from an engine lab-
oratory as a function of ECM engine 
speed and ECM fuel signals. 

(B) Use a single BSFC value that ap-
proximates the BSFC value over a test 
interval (as defined in subpart K of this 
part). This value may be a nominal 
BSFC value for all engine operation de-
termined over one or more laboratory 
duty cycles, or it may be any other 
BSFC that you determine. If you use a 
nominal BSFC, we recommend that 
you select a value based on the BSFC 
measured over laboratory duty cycles 
that best represent the range of engine 
operation that defines a test interval 
for field-testing. You may use the 
methods of this paragraph (d)(5)(iii)(B) 
only if it does not adversely affect your 
ability to demonstrate compliance 
with applicable standards. 

(C) You may develop and use your 
own combination of ECM signals to de-
termine BSFC. 

(iv) ECM fuel rate. Use the fuel rate 
signal directly from the ECM and 
chemical balance to determine the 
molar flow rate of exhaust. Use 
§ 1065.655(d) to determine the carbon 
mass fraction of fuel. You may alter-
natively develop and use your own 
combination of ECM signals to deter-
mine fuel mass flow rate. 

(v) Other ECM signals. You may ask 
to use other ECM signals for deter-
mining brake-specific emissions, such 
as ECM air flow. We must approve the 
use of such signals in advance. 

(6) Permissible deviations. ECM signals 
may deviate from the specifications of 
this part 1065, but the expected devi-
ation must not prevent you from dem-
onstrating that you meet the applica-
ble standards. For example, your emis-
sion results may be sufficiently below 
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an applicable standard, such that the 
deviation would not significantly 
change the result. As another example, 
a very low engine-coolant temperature 
may define a logical statement that de-
termines when a test interval may 
start. In this case, even if the ECM’s 
sensor for detecting coolant tempera-
ture was not very accurate or repeat-
able, its output would never deviate so 
far as to significantly affect when a 
test interval may start. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37344, June 30, 2008; 73 FR 59342, Oct. 8, 
2008; 75 FR 68466, Nov. 8, 2010; 76 FR 57467, 
Sept. 15, 2011; 79 FR 23813, Apr. 28, 2014] 

§ 1065.920 PEMS calibrations and 
verifications. 

(a) Subsystem calibrations and 
verifications. Use all the applicable cali-
brations and verifications in subpart D 
of this part, including the linearity 
verifications in § 1065.307, to calibrate 
and verify PEMS. Note that a PEMS 
does not have to meet the system-re-
sponse and updating-recording 
verifications of § 1065.308 and § 1065.309 if 
it meets the overall verification de-
scribed in paragraph (b) of this section 
or if it measures PM using any method 
other than that described in 
§ 1065.170(c)(1). This section does not 
apply to ECM signals. Note that be-
cause the regulations of this part re-
quire you to use good engineering judg-
ment, it may be necessary to perform 
additional verifications and analysis. It 
may also be necessary to limit the 
range of conditions under which the 
PEMS can be used or to include spe-
cific additional maintenance to ensure 
that it functions properly under the 
test conditions. As provided in 40 CFR 
1068.5, we will deem your system to not 
meet the requirements of this section 
if we determine that you did not use 
good engineering judgment to verify 
the measurement equipment. We may 
also deem your system to meet these 
requirements only under certain test 
conditions. If we ask for it, you must 
send us a summary of your 
verifications. We may also ask you to 
provide additional information or anal-
ysis to support your conclusions. 

(b) Overall verification. This para-
graph (b) specifies methods and criteria 
for verifying the overall performance 

of systems not fully compliant with re-
quirements that apply for laboratory 
testing. Maintain records to show that 
the particular make, model, and con-
figuration of your PEMS meets this 
verification. You may rely on data and 
other information from the PEMS 
manufacturer. However, we recommend 
that you generate your own records to 
show that your specific PEMS meets 
this verification. If you upgrade or 
change the configuration of your 
PEMS, your record must show that 
your new configuration meets this 
verification. The verification required 
by this section consists of operating an 
engine over a duty cycle in the labora-
tory and statistically comparing data 
generated and recorded by the PEMS 
with data simultaneously generated 
and recorded by laboratory equipment 
as follows: 

(1) Mount an engine on a dynamom-
eter for laboratory testing. Prepare the 
laboratory and PEMS for emission 
testing, as described in this part, to get 
simultaneous measurements. We rec-
ommend selecting an engine with emis-
sion levels close to the applicable duty- 
cycle standards, if possible. 

(2) Select or create a duty cycle that 
has all the following characteristics: 

(i) Engine operation that represents 
normal in-use speeds, loads, and degree 
of transient activity. Consider using 
data from previous field tests to gen-
erate a cycle. 

(ii) A duration of (20 to 40) min. 
(iii) At least 50% of engine operating 

time must include at least 10 valid test 
intervals for calculating emission lev-
els for field testing. For example, for 
highway compression-ignition engines, 
select a duty cycle in which at least 
50% of the engine operating time can 
be used to calculate valid NTE events. 

(3) Starting with a warmed-up en-
gine, run a valid emission test with the 
duty cycle from paragraph (b)(2) of this 
section. The laboratory and PEMS 
must both meet applicable validation 
requirements, such as drift validation, 
hydrocarbon contamination validation, 
and proportional validation. 

(4) Determine the brake-specific 
emissions for each test interval for 
both laboratory and the PEMS meas-
urements, as follows: 
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(i) For both laboratory and PEMS 
measurements, use identical values to 
determine the beginning and end of 
each test interval. 

(ii) For both laboratory and PEMS 
measurements, use identical values to 
determine total work over each test in-
terval. 

(iii) If the standard-setting part 
specifies the use of a measurement al-
lowance for field testing, also apply the 
measurement allowance during calibra-
tion using good engineering judgment. 
If the measurement allowance is nor-
mally added to the standard, this 
means you must subtract the measure-
ment allowance from the measured 
PEMS brake-specific emission result. 

(iv) Round results to the same num-
ber of significant digits as the stand-
ard. 

(5) Repeat the engine duty cycle and 
calculations until you have at least 100 
valid test intervals. 

(6) For each test interval and emis-
sion, subtract the lab result from the 
PEMS result. 

(7) The PEMS passes the verification 
of this paragraph (b) if any one of the 
following are true for each constituent: 

(i) 91% or more of the differences are 
zero or less than zero. 

(ii) The entire set of test-interval re-
sults passes the 95% confidence alter-
nate-procedure statistics for field test-
ing (t-test and F-test) specified in sub-
part A of this part. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37345, June 30, 2008; 75 FR 68467, Nov. 8, 
2010; 79 FR 23814, Apr. 28, 2014] 

§ 1065.925 PEMS preparation for field 
testing. 

Take the following steps to prepare 
PEMS for field testing: 

(a) Verify that ambient conditions at 
the start of the test are within the lim-
its specified in the standard-setting 
part. Continue to monitor these values 
to determine if ambient conditions ex-
ceed the limits during the test. 

(b) Install a PEMS and any acces-
sories needed to conduct a field test. 

(c) Power the PEMS and allow pres-
sures, temperatures, and flows to sta-
bilize to their operating set points. 

(d) Bypass or purge any gaseous sam-
pling PEMS instruments with ambient 
air until sampling begins to prevent 

system contamination from excessive 
cold-start emissions. 

(e) Conduct calibrations and 
verifications. 

(f) Operate any PEMS dilution sys-
tems at their expected flow rates using 
a bypass. 

(g) If you use a gravimetric balance 
to determine whether an engine meets 
an applicable PM standard, follow the 
procedures for PM sample precondi-
tioning and tare weighing as described 
in § 1065.590. Operate the PM-sampling 
system at its expected flow rates using 
a bypass. 

(h) Verify the amount of contamina-
tion in the PEMS HC sampling system 
before the start of the field test as fol-
lows: 

(1) Select the HC analyzer range for 
measuring the maximum concentra-
tion expected at the HC standard. 

(2) Zero the HC analyzers using a zero 
gas or ambient air introduced at the 
analyzer port. When zeroing a FID, use 
the FID’s burner air that would be used 
for in-use measurements (generally ei-
ther ambient air or a portable source of 
burner air). 

(3) Span the HC analyzer using span 
gas introduced at the analyzer port. 

(4) Overflow zero or ambient air at 
the HC probe inlet or into a tee near 
the probe outlet. 

(5) Measure the HC concentration in 
the sampling system: 

(i) For continuous sampling, record 
the mean HC concentration as overflow 
zero air flows. 

(ii) For batch sampling, fill the sam-
ple medium and record its mean con-
centration. 

(6) Record this value as the initial HC 
concentration, xTHCinit, and use it to cor-
rect measured values as described in 
§ 1065.660. 

(7) If the initial HC concentration ex-
ceeds the greater of the following val-
ues, determine the source of the con-
tamination and take corrective action, 
such as purging the system or replac-
ing contaminated portions: 

(i) 2% of the flow-weighted mean con-
centration expected at the standard or 
measured during testing. 

(ii) 2 μmol/mol. 
(8) If corrective action does not re-

solve the deficiency, you may use a 
contaminated HC system if it does not 
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prevent you from demonstrating com-
pliance with the applicable emission 
standards. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37345, June 30, 2008; 73 FR 59342, Oct. 8, 
2008; 75 FR 68467, Nov. 8, 2010; 76 FR 57467, 
Sept. 15, 2011] 

§ 1065.930 Engine starting, restarting, 
and shutdown. 

Unless the standard-setting part 
specifies otherwise, start, restart, and 
shut down the test engine for field test-
ing as follows: 

(a) Start or restart the engine as de-
scribed in the owners manual. 

(b) If the engine does not start after 
15 seconds of cranking, stop cranking 
and determine the reason it failed to 
start. However, you may crank the en-
gine longer than 15 seconds, as long as 
the owners manual or the service-re-
pair manual describes the longer 
cranking time as normal. 

(c) Respond to engine stalling with 
the following steps: 

(1) If the engine stalls during a re-
quired warm-up before emission sam-
pling begins, restart the engine and 
continue warm-up. 

(2) If the engine stalls at any other 
time after emission sampling begins, 
restart the engine and continue test-
ing. 

(d) Shut down and restart the engine 
according to the manufacturer’s speci-
fications, as needed during normal op-
eration in-use, but continue emission 
sampling until the field test is com-
plete. 

§ 1065.935 Emission test sequence for 
field testing. 

(a) Time the start of field testing as 
follows: 

(1) If the standard-setting part re-
quires only hot-stabilized emission 
measurements, operate the engine in- 
use until the engine coolant, block, or 
head absolute temperature is within 
±10% of its mean value for the previous 
2 min or until an engine thermostat 
controls engine temperature with cool-
ant or air flow. 

(2) If the standard-setting part re-
quires hot-start emission measure-
ments, shut down the engine after at 
least 2 min at the temperature toler-
ance specified in paragraph (a)(1) of 

this section. Start the field test within 
20 min of engine shutdown. 

(3) If the standard-setting part re-
quires cold-start emission measure-
ments, proceed to the steps specified in 
paragraph (b) of this section. 

(b) Take the following steps before 
emission sampling begins: 

(1) For batch sampling, connect clean 
storage media, such as evacuated bags 
or tare-weighed PM sample media. 

(2) Operate the PEMS according to 
the instrument manufacturer’s instruc-
tions and using good engineering judg-
ment. 

(3) Operate PEMS heaters, dilution 
systems, sample pumps, cooling fans, 
and the data-collection system. 

(4) Pre-heat or pre-cool PEMS heat 
exchangers in the sampling system to 
within their tolerances for operating 
temperatures. 

(5) Allow all other PEMS components 
such as sample lines, filters, and pumps 
to stabilize at operating temperature. 

(6) Verify that no significant vacu-
um-side leak exists in the PEMS, as de-
scribed in § 1065.345. 

(7) Adjust PEMS flow rates to desired 
levels, using bypass flow if applicable. 

(8) Zero and span all PEMS gas ana-
lyzers using NIST-traceable gases that 
meet the specifications of § 1065.750. 

(c) Start testing as follows: 
(1) Before the start of the first test 

interval, zero or re-zero any PEMS 
electronic integrating devices, as need-
ed. 

(2) If the engine is already running 
and warmed up and starting is not part 
of field testing, start the field test by 
simultaneously starting to sample ex-
haust, record engine and ambient data, 
and integrate measured values using a 
PEMS. 

(3) If engine starting is part of field 
testing, start field testing by simulta-
neously starting to sample from the ex-
haust system, record engine and ambi-
ent data, and integrate measured val-
ues using a PEMS. Then start the en-
gine. 

(d) Continue the test as follows: 
(1) Continue to sample exhaust, 

record data and integrate measured 
values throughout normal in-use oper-
ation of the engine. 

(2) Between each test interval, zero 
or re-zero any electronic integrating 
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devices, and reset batch storage media, 
as needed. 

(3) The engine may be stopped and 
started, but continue to sample emis-
sions throughout the entire field test. 

(4) Conduct periodic verifications 
such as zero and span verifications on 
PEMS gas analyzers, as recommended 
by the PEMS manufacturer or as indi-
cated by good engineering judgment. 
Results from these verifications will be 
used to calculate and correct for drift 
according to paragraph (g) of this sec-
tion. Do not include data recorded dur-
ing verifications in emission calcula-
tions. 

(5) You may periodically condition 
and analyze batch samples in-situ, in-
cluding PM samples; for example you 
may condition an inertial PM balance 
substrate if you use an inertial balance 
to measure PM. 

(6) You may have personnel moni-
toring and adjusting the PEMS during 
a test, or you may operate the PEMS 
unattended. 

(e) Stop testing as follows: 
(1) Continue sampling as needed to 

get an appropriate amount of emission 
measurement, according to the stand-
ard setting part. If the standard-set-
ting part does not describe when to 
stop sampling, develop a written pro-
tocol before you start testing to estab-
lish how you will stop sampling. You 
may not determine when to stop test-
ing based on emission results. 

(2) At the end of the field test, allow 
the sampling systems’ response times 
to elapse and then stop sampling. Stop 
any integrators and indicate the end of 
the test cycle on the data-collection 
medium. 

(3) You may shut down the engine be-
fore or after you stop sampling. 

(f) For any proportional batch sam-
ple, such as a bag sample or PM sam-
ple, verify for each test interval wheth-
er or not proportional sampling was 
maintained according to § 1065.545. Void 
the sample for any test interval that 
did not maintain proportional sam-
pling according to § 1065.545. 

(g) Take the following steps after 
emission sampling is complete: 

(1) As soon as practical after the 
emission sampling, analyze any gas-
eous batch samples. 

(2) If you used dilution air, either 
analyze background samples or assume 
that background emissions were zero. 
Refer to § 1065.140 for dilution-air speci-
fications. 

(3) After quantifying all exhaust 
gases, record mean analyzer values 
after stabilizing a zero gas to each ana-
lyzer, then record mean analyzer val-
ues after stabilizing the span gas to the 
analyzer. Stabilization may include 
time to purge an analyzer of any sam-
ple gas, plus any additional time to ac-
count for analyzer response. Use these 
recorded values to correct for drift as 
described in § 1065.550. 

(4) Invalidate any test intervals that 
do not meet the range criteria in 
§ 1065.550. Note that it is acceptable 
that analyzers exceed 100% of their 
ranges when measuring emissions be-
tween test intervals, but not during 
test intervals. You do not have to 
retest an engine in the field if the 
range criteria are not met. 

(5) Invalidate any test intervals that 
do not meet the drift criterion in 
§ 1065.550. For NMHC, invalidate any 
test intervals if the difference between 
the uncorrected and the corrected 
brake-specific NMHC emission values 
are within ±10% of the uncorrected re-
sults or the applicable standard, which-
ever is greater. For test intervals that 
do meet the drift criterion, correct 
those test intervals for drift according 
to § 1065.672 and use the drift corrected 
results in emissions calculations. 

(6) Unless you weighed PM in-situ, 
such as by using an inertial PM bal-
ance, place any used PM samples into 
covered or sealed containers and return 
them to the PM-stabilization environ-
ment and weigh them as described in 
§ 1065.595. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37345, June 30, 2008] 

§ 1065.940 Emission calculations. 

(a) Perform emission calculations as 
described in § 1065.650 to calculate 
brake-specific emissions for each test 
interval using any applicable informa-
tion and instructions in the standard- 
setting part. 

(b) You may use a fixed molar mass 
for the diluted exhaust mixture for 
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field testing. Determine this fixed 
value by engineering analysis. 

[75 FR 68467, Nov. 8, 2010] 

Subpart K—Definitions and Other 
Reference Information 

§ 1065.1001 Definitions. 
The definitions in this section apply 

to this part. The definitions apply to 
all subparts unless we note otherwise. 
All undefined terms have the meaning 
the Act gives them. The definitions fol-
low: 

300 series stainless steel means any 
stainless steel alloy with a Unified 
Numbering System for Metals and Al-
loys number designated from S30100 to 
S39000. For all instances in this part 
where we specify 300 series stainless 
steel, such parts must also have a 
smooth inner-wall construction. We 
recommend an average roughness, Ra, 
no greater than 4 μm. 

Accuracy means the absolute dif-
ference between a reference quantity 
and the arithmetic mean of ten mean 
measurements of that quantity. Deter-
mine instrument accuracy, repeat-
ability, and noise from the same data 
set. We specify a procedure for deter-
mining accuracy in § 1065.305. 

Act means the Clean Air Act, as 
amended, 42 U.S.C. 7401–7671q. 

Adjustable parameter means any de-
vice, system, or element of design that 
someone can adjust (including those 
which are difficult to access) and that, 
if adjusted, may affect emissions or en-
gine performance during emission test-
ing or normal in-use operation. This in-
cludes, but is not limited to, param-
eters related to injection timing and 
fueling rate. In some cases, this may 
exclude a parameter that is difficult to 
access if it cannot be adjusted to affect 
emissions without significantly de-
grading engine performance, or if it 
will not be adjusted in a way that af-
fects emissions during in-use oper-
ation. 

Aerodynamic diameter means the di-
ameter of a spherical water droplet 
that settles at the same constant ve-
locity as the particle being sampled. 

Aftertreatment means relating to a 
catalytic converter, particulate filter, 
or any other system, component, or 

technology mounted downstream of the 
exhaust valve (or exhaust port) whose 
design function is to decrease emis-
sions in the engine exhaust before it is 
exhausted to the environment. Ex-
haust-gas recirculation (EGR) and 
turbochargers are not aftertreatment. 

Allowed procedures means procedures 
that we either specify in this part 1065 
or in the standard-setting part or ap-
prove under § 1065.10. 

Alternate procedures means procedures 
allowed under § 1065.10(c)(7). 

Applicable standard means an emis-
sion standard to which an engine is 
subject; or a family emission limit to 
which an engine is certified under an 
emission credit program in the stand-
ard-setting part. 

Aqueous condensation means the pre-
cipitation of water-containing con-
stituents from a gas phase to a liquid 
phase. Aqueous condensation is a func-
tion of humidity, pressure, tempera-
ture, and concentrations of other con-
stituents such as sulfuric acid. These 
parameters vary as a function of en-
gine intake-air humidity, dilution-air 
humidity, engine air-to-fuel ratio, and 
fuel composition—including the 
amount of hydrogen and sulfur in the 
fuel. 

Atmospheric pressure means the wet, 
absolute, atmospheric static pressure. 
Note that if you measure atmospheric 
pressure in a duct, you must ensure 
that there are negligible pressure 
losses between the atmosphere and 
your measurement location, and you 
must account for changes in the duct’s 
static pressure resulting from the flow. 

Auto-ranging means a gas analyzer 
function that automatically changes 
the analyzer digital resolution to a 
larger range of concentrations as the 
concentration approaches 100% of the 
analyzer’s current range. Auto-ranging 
does not mean changing an analog am-
plifier gain within an analyzer. 

Auxiliary emission-control device 
means any element of design that 
senses temperature, motive speed, en-
gine RPM, transmission gear, or any 
other parameter for the purpose of ac-
tivating, modulating, delaying, or de-
activating the operation of any part of 
the emission-control system. 

Average means the arithmetic mean 
of a sample. 
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Brake power has the meaning given in 
the standard-setting part. If it is not 
defined in the standard-setting part, 
brake power means the usable power 
output of the engine, not including 
power required to fuel, lubricate, or 
heat the engine, circulate coolant to 
the engine, or to operate 
aftertreatment devices. If the engine 
does not power these accessories during 
a test, subtract the work required to 
perform these functions from the total 
work used in brake-specific emission 
calculations. Subtract engine fan work 
from total work only for air-cooled en-
gines. 

C1-equivalent means a convention of 
expressing HC concentrations based on 
the total number of carbon atoms 
present, such that the C1-equivalent of 
a molar HC concentration equals the 
molar concentration multiplied by the 
mean number of carbon atoms in each 
HC molecule. For example, the C1- 
equivalent of 10 μmol/mol of propane 
(C3H8) is 30 μmol/mol. C1-equivalent 
molar values may be denoted as 
‘‘ppmC’’ in the standard-setting part. 
Molar mass may also be expressed on a 
C1 basis. Note that calculating HC 
masses from molar concentrations and 
molar masses is only valid where they 
are each expressed on the same carbon 
basis. 

Calibration means the process of set-
ting a measurement system’s response 
so that its output agrees with a range 
of reference signals. Contrast with 
‘‘verification’’. 

Calibration gas means a purified gas 
mixture used to calibrate gas ana-
lyzers. Calibration gases must meet the 
specifications of § 1065.750. Note that 
calibration gases and span gases are 
qualitatively the same, but differ in 
terms of their primary function. Var-
ious performance verification checks 
for gas analyzers and sample handling 
components might refer to either cali-
bration gases or span gases. 

Certification means relating to the 
process of obtaining a certificate of 
conformity for an engine family that 
complies with the emission standards 
and requirements in the standard-set-
ting part. 

Compression-ignition means relating 
to a type of reciprocating, internal- 

combustion engine that is not a spark- 
ignition engine. 

Confidence interval means the range 
associated with a probability that a 
quantity will be considered statis-
tically equivalent to a reference quan-
tity. 

Constant-speed engine means an en-
gine whose certification is limited to 
constant-speed operation. Engines 
whose constant-speed governor func-
tion is removed or disabled are no 
longer constant-speed engines. 

Constant-speed operation means en-
gine operation with a governor that 
automatically controls the operator 
demand to maintain engine speed, even 
under changing load. Governors do not 
always maintain speed exactly con-
stant. Typically speed can decrease (0.1 
to 10) % below the speed at zero load, 
such that the minimum speed occurs 
near the engine’s point of maximum 
power. (Note: An engine with an ad-
justable governor setting may be con-
sidered to operate at constant speed, 
subject to our approval. For such en-
gines, the governor setting is consid-
ered an adjustable parameter.) 

Coriolis meter means a flow-measure-
ment instrument that determines the 
mass flow of a fluid by sensing the vi-
bration and twist of specially designed 
flow tubes as the flow passes through 
them. The twisting characteristic is 
called the Coriolis effect. According to 
Newton’s Second Law of Motion, the 
amount of sensor tube twist is directly 
proportional to the mass flow rate of 
the fluid flowing through the tube. See 
§ 1065.220. 

Designated Compliance Officer means 
the Director, Compliance and Innova-
tive Strategies Division (6405–J), U.S. 
Environmental Protection Agency, 1200 
Pennsylvania Ave., NW., Washington, 
DC 20460. 

Dewpoint means a measure of humid-
ity stated as the equilibrium tempera-
ture at which water condenses under a 
given pressure from moist air with a 
given absolute humidity. Dewpoint is 
specified as a temperature in °C or K, 
and is valid only for the pressure at 
which it is measured. See § 1065.645 to 
determine water vapor mole fractions 
from dewpoints using the pressure at 
which the dewpoint is measured. 
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Diesel exhaust fluid (DEF) means a liq-
uid reducing agent (other than the en-
gine fuel) used in conjunction with se-
lective catalytic reduction to reduce 
NOX emissions. Diesel exhaust fluid is 
generally understood to be an aqueous 
solution of urea conforming to the 
specifications of ISO 18611 or ISO 22241. 

Dilution ratio (DR) means the amount 
of diluted exhaust per amount of undi-
luted exhaust. 

Discrete-mode means relating to a dis-
crete-mode type of steady-state test, as 
described in the standard-setting part. 

Dispersion means either: 
(1) The broadening and lowering of a 

signal due to any fluid capacitance, 
fluid mixing, or electronic filtering in 
a sampling system. (Note: To adjust a 
signal so its dispersion matches that of 
another signal, you may adjust the sys-
tem’s fluid capacitance, fluid mixing, 
or electronic filtering.) 

(2) The mixing of a fluid, especially 
as a result of fluid mechanical forces or 
chemical diffusion. 

Drift means the difference between a 
zero or calibration signal and the re-
spective value reported by a measure-
ment instrument immediately after it 
was used in an emission test, as long as 
you zeroed and spanned the instrument 
just before the test. 

Duty cycle means one of the fol-
lowing: 

(1) A series of speed and torque val-
ues (or power values) that an engine 
must follow during a laboratory test. 
Duty cycles are specified in the stand-
ard-setting part. A single duty cycle 
may consist of one or more test inter-
vals. A series of speed and torque val-
ues meeting the definition of this para-
graph (1) may also be considered a test 
cycle. For example, a duty cycle may 
be a ramped-modal cycle, which has 
one test interval; a cold-start plus hot- 
start transient cycle, which has two 
test intervals; or a discrete-mode 
cycle, which has one test interval for 
each mode. 

(2) A set of weighting factors and the 
corresponding speed and torque values, 
where the weighting factors are used to 
combine the results of multiple test in-
tervals into a composite result. 

Electric power generation application 
means an application whose purpose is 
to generate a precise frequency of elec-

tricity, which is characterized by an 
engine that controls engine speed very 
precisely. This would generally not 
apply to welders or portable home gen-
erators. 

Electronic control module means an en-
gine’s electronic device that uses data 
from engine sensors to control engine 
parameters. 

Emission-control system means any de-
vice, system, or element of design that 
controls or reduces the emissions of 
regulated pollutants from an engine. 

Emission-data engine means an engine 
that is tested for certification. This in-
cludes engines tested to establish dete-
rioration factors. 

Emission-related maintenance means 
maintenance that substantially affects 
emissions or is likely to substantially 
affect emission deterioration. 

Engine family means a group of en-
gines with similar emission character-
istics throughout the useful life, as 
specified in the standard-setting part. 

Engine governed speed means the en-
gine operating speed when it is con-
trolled by the installed governor. 

Exhaust-gas recirculation means a 
technology that reduces emissions by 
routing exhaust gases that had been 
exhausted from the combustion cham-
ber(s) back into the engine to be mixed 
with incoming air before or during 
combustion. The use of valve timing to 
increase the amount of residual ex-
haust gas in the combustion cham-
ber(s) that is mixed with incoming air 
before or during combustion is not con-
sidered exhaust-gas recirculation for 
the purposes of this part. 

Fall time, t90–10, means the time inter-
val of a measurement instrument’s re-
sponse after any step decrease to the 
input between the following points: 

(1) The point at which the response 
has fallen 10% of the total amount it 
will fall in response to the step change. 

(2) The point at which the response 
has fallen 90% of the total amount it 
will fall in response to the step change. 

Flow-weighted mean means the mean 
of a quantity after it is weighted pro-
portional to a corresponding flow rate. 
For example, if a gas concentration is 
measured continuously from the raw 
exhaust of an engine, its flow-weighted 
mean concentration is the sum of the 
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products of each recorded concentra-
tion times its respective exhaust flow 
rate, divided by the sum of the re-
corded flow rates. As another example, 
the bag concentration from a CVS sys-
tem is the same as the flow-weighted 
mean concentration, because the CVS 
system itself flow-weights the bag con-
centration. 

Fuel type means a general category of 
fuels such as gasoline or LPG. There 
can be multiple grades within a single 
type of fuel, such as all-season and win-
ter-grade gasoline. 

Good engineering judgment means 
judgments made consistent with gen-
erally accepted scientific and engineer-
ing principles and all available rel-
evant information. See 40 CFR 1068.5 
for the administrative process we use 
to evaluate good engineering judg-
ment. 

HEPA filter means high-efficiency 
particulate air filters that are rated to 
achieve a minimum initial particle-re-
moval efficiency of 99.97% using ASTM 
F1471 (incorporated by reference in 
§ 1065.1010). 

High-idle speed means the engine 
speed at which an engine governor 
function controls engine speed with op-
erator demand at maximum and with 
zero load applied. ‘‘Warm high-idle 
speed’’ is the high-idle speed of a 
warmed-up engine. 

High-speed governor means any de-
vice, system, or element of design that 
modulates the engine output torque for 
the purpose of limiting the maximum 
engine speed. 

Hydraulic diameter means the diame-
ter of a circle whose area is equal to 
the area of a noncircular cross section 
of tubing, including its wall thickness. 
The wall thickness is included only for 
the purpose of facilitating a simplified 
and nonintrusive measurement. 

Hydrocarbon (HC) means THC, THCE, 
NMHC, NMNEHC, NMOG, or NMHCE, 
as applicable. Hydrocarbon generally 
means the hydrocarbon group on which 
the emission standards are based for 
each type of fuel and engine. 

Identification number means a unique 
specification (for example, a model 
number/serial number combination) 
that allows someone to distinguish a 
particular engine from other similar 
engines. 

Idle speed means the engine speed at 
which an engine governor function con-
trols engine speed with operator de-
mand at minimum and with minimum 
load applied (greater than or equal to 
zero). For engines without a governor 
function that controls idle speed, idle 
speed means the manufacturer-de-
clared value for lowest engine speed 
possible with minimum load. This defi-
nition does not apply for operation des-
ignated as ‘‘high-idle speed.’’ ‘‘Warm 
idle speed’’ is the idle speed of a 
warmed-up engine. 

Intermediate test speed has the mean-
ing given in § 1065.610. 

Linearity means the degree to which 
measured values agree with respective 
reference values. Linearity is quan-
tified using a linear regression of pairs 
of measured values and reference val-
ues over a range of values expected or 
observed during testing. Perfect lin-
earity would result in an intercept, a0, 
equal to zero, a slope, a1, of one, a coef-
ficient of determination, r2, of one, and 
a standard error of the estimate, SEE, 
of zero. The term ‘‘linearity’’ is not 
used in this part to refer to the shape 
of a measurement instrument’s unproc-
essed response curve, such as a curve 
relating emission concentration to 
voltage output. A properly performing 
instrument with a nonlinear response 
curve will meet linearity specifica-
tions. 

Manufacturer has the meaning given 
in section 216(1) of the Act. In general, 
this term includes any person who 
manufactures an engine or vehicle for 
sale in the United States or otherwise 
introduces a new nonroad engine into 
commerce in the United States. This 
includes importers who import engines 
or vehicles for resale. 

Maximum test speed has the meaning 
given in § 1065.610. 

Maximum test torque has the meaning 
given in § 1065.610. 

Measurement allowance means a speci-
fied adjustment in the applicable emis-
sion standard or a measured emission 
value to reflect the relative quality of 
the measurement. See the standard- 
setting part to determine whether any 
measurement allowances apply for 
your testing. Measurement allowances 
generally apply only for field testing 
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and are intended to account for re-
duced accuracy or precision that result 
from using field-grade measurement 
systems. 

Mode means one of the following: 
(1) A distinct combination of engine 

speed and load for steady-state testing. 
(2) A continuous combination of 

speeds and loads specifying a transition 
during a ramped-modal test. 

(3) A distinct operator demand set-
ting, such as would occur when testing 
locomotives or constant-speed engines. 

NIST-accepted means relating to a 
value that has been assigned or named 
by NIST. 

NIST-traceable means relating to a 
standard value that can be related to 
NIST-stated references through an un-
broken chain of comparisons, all hav-
ing stated uncertainties, as specified in 
NIST Technical Note 1297 (incorporated 
by reference in § 1065.1010). Allowable 
uncertainty limits specified for NIST- 
traceability refer to the propagated un-
certainty specified by NIST. You may 
ask to use other internationally recog-
nized standards that are equivalent to 
NIST standards. 

Noise means the precision of 30 sec-
onds of updated recorded values from a 
measurement instrument as it quan-
tifies a zero or reference value. Deter-
mine instrument noise, repeatability, 
and accuracy from the same data set. 
We specify a procedure for determining 
noise in § 1065.305. 

Nonmethane hydrocarbon equivalent 
(NMHCE) means the sum of the carbon 
mass contributions of non-oxygenated 
nonmethane hydrocarbons, alcohols 
and aldehydes, or other organic com-
pounds that are measured separately as 
contained in a gas sample, expressed as 
exhaust nonmethane hydrocarbon from 
petroleum-fueled engines. The hydro-
gen-to-carbon ratio of the equivalent 
hydrocarbon is 1.85:1. 

Nonmethane hydrocarbons (NMHC) 
means the sum of all hydrocarbon spe-
cies except methane. Refer to § 1065.660 
for NMHC determination. 

Nonmethane nonethane hydrocarbon 
(NMNEHC) means the sum of all hydro-
carbon species except methane and eth-
ane. Refer to § 1065.660 for NMNEHC de-
termination. 

Nonroad means relating to nonroad 
engines. 

Nonroad engine has the meaning we 
give in 40 CFR 1068.30. In general this 
means all internal-combustion engines 
except motor vehicle engines, sta-
tionary engines, engines used solely for 
competition, or engines used in air-
craft. 

Open crankcase emissions means any 
flow from an engine’s crankcase that is 
emitted directly into the environment. 
Crankcase emissions are not ‘‘open 
crankcase emissions’’ if the engine is 
designed to always route all crankcase 
emissions back into the engine (for ex-
ample, through the intake system or 
an aftertreatment system) such that 
all the crankcase emissions, or their 
products, are emitted into the environ-
ment only through the engine exhaust 
system. 

Operator demand means an engine op-
erator’s input to control engine output. 
The ‘‘operator’’ may be a person (i.e., 
manual), or a governor (i.e., automatic) 
that mechanically or electronically 
signals an input that demands engine 
output. Input may be from an accel-
erator pedal or signal, a throttle-con-
trol lever or signal, a fuel lever or sig-
nal, a speed lever or signal, or a gov-
ernor setpoint or signal. Output means 
engine power, P, which is the product 
of engine speed, fn, and engine torque, 
T. 

Oxides of nitrogen means NO and NO2 
as measured by the procedures speci-
fied in § 1065.270. Oxides of nitrogen are 
expressed quantitatively as if the NO is 
in the form of NO2, such that you use 
an effective molar mass for all oxides 
of nitrogen equivalent to that of NO2. 

Oxygenated fuels means fuels com-
posed of at least 25% oxygen-con-
taining compounds, such as ethanol or 
methanol. Testing engines that use 
oxygenated fuels generally requires the 
use of the sampling methods in subpart 
I of this part. However, you should read 
the standard-setting part and subpart I 
of this part to determine appropriate 
sampling methods. 

Partial pressure means the pressure, p, 
attributable to a single gas in a gas 
mixture. For an ideal gas, the partial 
pressure divided by the total pressure 
is equal to the constituent’s molar con-
centration, x. 
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Percent (%) means a representation of 
exactly 0.01. Numbers expressed as per-
centages in this part (such as a toler-
ance of ±2%) have infinite precision, so 
2% and 2.000000000% have the same 
meaning. This means that where we 
specify some percentage of a total 
value, the calculated value has the 
same number of significant digits as 
the total value. For example, 2% of a 
span value where the span value is 
101.3302 is 2.026604. 

Portable emission measurement system 
(PEMS) means a measurement system 
consisting of portable equipment that 
can be used to generate brake-specific 
emission measurements during field 
testing or laboratory testing. 

Precision means two times the stand-
ard deviation of a set of measured val-
ues of a single zero or reference quan-
tity. See also the related definitions of 
noise and repeatability in this section. 

Procedures means all aspects of en-
gine testing, including the equipment 
specifications, calibrations, calcula-
tions and other protocols and specifica-
tions needed to measure emissions, un-
less we specify otherwise. 

Proving ring is a device used to meas-
ure static force based on the linear re-
lationship between stress and strain in 
an elastic material. It is typically a 
steel alloy ring, and you measure the 
deflection (strain) of its diameter when 
a static force (stress) is applied across 
its diameter. 

PTFE means polytetrafluoro-
ethylene, commonly known as Tef-
lon TM. 

Purified air means air meeting the 
specifications for purified air in 
§ 1065.750. Purified air may be produced 
by purifying ambient air. The purifi-
cation may occur at the test site or at 
another location (such as at a gas sup-
plier’s facility). Alternatively, purified 
air may be synthetically generated, 
using good engineering judgment, from 
purified oxygen and nitrogen. The addi-
tion of other elements normally 
present in purified ambient air (such as 
Ar) is not required. 

Ramped-modal means relating to a 
ramped-modal type of steady-state 
test, as described in the standard-set-
ting part. 

Recommend has the meaning given in 
§ 1065.201. 

Regression statistics means any of the 
regression statistics specified in 
§ 1065.602. 

Repeatability means the precision of 
ten mean measurements of a reference 
quantity. Determine instrument re-
peatability, accuracy, and noise from 
the same data set. We specify a proce-
dure for determining repeatability in 
§ 1065.305. 

Revoke has the meaning given in 40 
CFR 1068.30. 

Rise time, t10–90, means the time inter-
val of a measurement instrument’s re-
sponse after any step increase to the 
input between the following points: 

(1) The point at which the response 
has risen 10% of the total amount it 
will rise in response to the step change. 

(2) The point at which the response 
has risen 90% of the total amount it 
will rise in response to the step change. 

Roughness (or average roughness, Ra) 
means the size of finely distributed 
vertical surface deviations from a 
smooth surface, as determined when 
traversing a surface. It is an integral of 
the absolute value of the roughness 
profile measured over an evaluation 
length. 

Round means to apply the rounding 
convention specified in § 1065.20(e), un-
less otherwise specified. 

Scheduled maintenance means adjust-
ing, repairing, removing, disassem-
bling, cleaning, or replacing compo-
nents or systems periodically to keep a 
part or system from failing, malfunc-
tioning, or wearing prematurely. It 
also may mean actions you expect are 
necessary to correct an overt indica-
tion of failure or malfunction for which 
periodic maintenance is not appro-
priate. 

Shared atmospheric pressure meter 
means an atmospheric pressure meter 
whose output is used as the atmos-
pheric pressure for an entire test facil-
ity that has more than one dynamom-
eter test cell. 

Shared humidity measurement means a 
humidity measurement that is used as 
the humidity for an entire test facility 
that has more than one dynamometer 
test cell. 

Span means to adjust an instrument 
so that it gives a proper response to a 
calibration standard that represents 
between 75% and 100% of the maximum 
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value in the instrument range or ex-
pected range of use. 

Span gas means a purified gas mix-
ture used to span gas analyzers. Span 
gases must meet the specifications of 
§ 1065.750. Note that calibration gases 
and span gases are qualitatively the 
same, but differ in terms of their pri-
mary function. Various performance 
verification checks for gas analyzers 
and sample handling components 
might refer to either calibration gases 
or span gases. 

Spark-ignition means relating to a 
gasoline-fueled engine or any other 
type of engine with a spark plug (or 
other sparking device) and with oper-
ating characteristics significantly 
similar to the theoretical Otto combus-
tion cycle. Spark-ignition engines usu-
ally use a throttle to regulate intake 
air flow to control power during nor-
mal operation. 

Special procedures means procedures 
allowed under § 1065.10(c)(2). 

Specified procedures means procedures 
we specify in this part 1065 or the 
standard-setting part. Other proce-
dures allowed or required by § 1065.10(c) 
are not specified procedures. 

Standard deviation has the meaning 
given in § 1065.602. Note this is the 
standard deviation for a non-biased 
sample. 

Standard-setting part means the part 
in the Code of Federal Regulations that 
defines emission standards for a par-
ticular engine. See § 1065.1(a). 

Steady-state means relating to emis-
sion tests in which engine speed and 
load are held at a finite set of nomi-
nally constant values. Steady-state 
tests are either discrete-mode tests or 
ramped-modal tests. 

Stoichiometric means relating to the 
particular ratio of air and fuel such 
that if the fuel were fully oxidized, 
there would be no remaining fuel or ox-
ygen. For example, stoichiometric 
combustion in a gasoline-fueled engine 
typically occurs at an air-to-fuel mass 
ratio of about 14.7:1. 

Storage medium means a particulate 
filter, sample bag, or any other storage 
device used for batch sampling. 

t0
¥

50 means the time interval of a 
measurement system’s response after 
any step increase to the input between 
the following points: 

(1) The point at which the step 
change is initiated at the sample probe. 

(2) The point at which the response 
has risen 50% of the total amount it 
will rise in response to the step change. 

t100
¥

50 means the time interval of a 
measurement system’s response after 
any step decrease to the input between 
the following points: 

(1) The point at which the step 
change is initiated at the sample probe. 

(2) The point at which the response 
has fallen 50% of the total amount it 
will fall in response to the step change. 

Test engine means an engine in a test 
sample. 

Test interval means a duration of time 
over which you determine brake-spe-
cific emissions. For example, the 
standard-setting part may specify a 
complete laboratory duty cycle as a 
cold-start test interval, plus a hot- 
start test interval. As another exam-
ple, a standard-setting part may speci-
fy a field-test interval, such as a ‘‘not- 
to-exceed’’ (NTE) event, as a duration 
of time over which an engine operates 
within a certain range of speed and 
torque. In cases where multiple test in-
tervals occur over a duty cycle, the 
standard-setting part may specify addi-
tional calculations that weight and 
combine results to arrive at composite 
values for comparison against the ap-
plicable standards. 

Test sample means the collection of 
engines selected from the population of 
an engine family for emission testing. 

Tolerance means the interval in 
which at least 95% of a set of recorded 
values of a certain quantity must lie. 
Use the specified recording frequencies 
and time intervals to determine if a 
quantity is within the applicable toler-
ance. The concept of tolerance is in-
tended to address random variability. 
You may not take advantage of the tol-
erance specification to incorporate a 
bias into a measurement. 

Total hydrocarbon (THC) means the 
combined mass of organic compounds 
measured by the specified procedure 
for measuring total hydrocarbon, ex-
pressed as a hydrocarbon with a hydro-
gen-to-carbon mass ratio of 1.85:1. 

Total hydrocarbon equivalent (THCE) 
means the sum of the carbon mass con-
tributions of non-oxygenated hydro-
carbons, alcohols and aldehydes, or 
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other organic compounds that are 
measured separately as contained in a 
gas sample, expressed as exhaust hy-
drocarbon from petroleum-fueled en-
gines. The hydrogen-to-carbon ratio of 
the equivalent hydrocarbon is 1.85:1. 

Transformation time, t50, means the 
overall system response time to any 
step change in input, generally the av-
erage of the time to reach 50% response 
to a step increase, t0

¥
50, or to a step de-

crease, t100
¥

50. 
Uncertainty means uncertainty with 

respect to NIST-traceability. See the 
definition of NIST-traceable in this 
section. 

United States means the States, the 
District of Columbia, the Common-
wealth of Puerto Rico, the Common-
wealth of the Northern Mariana Is-
lands, Guam, American Samoa, and the 
U.S. Virgin Islands. 

Useful life means the period during 
which a new engine is required to com-
ply with all applicable emission stand-
ards. The standard-setting part defines 
the specific useful-life periods for indi-
vidual engines. 

Variable-speed engine means an engine 
that is not a constant-speed engine. 

Vehicle means any vehicle, vessel, or 
type of equipment using engines to 
which this part applies. For purposes of 
this part, the term ‘‘vehicle’’ may in-
clude nonmotive machines or equip-
ment such as a pump or generator. 

Verification means to evaluate wheth-
er or not a measurement system’s out-
puts agree with a range of applied ref-
erence signals to within one or more 

predetermined thresholds for accept-
ance. Contrast with ‘‘calibration’’. 

We (us, our) means the Administrator 
of the Environmental Protection Agen-
cy and any authorized representatives. 

Work has the meaning given in 
§ 1065.110. 

Zero means to adjust an instrument 
so it gives a zero response to a zero 
calibration standard, such as purified 
nitrogen or purified air for measuring 
concentrations of emission constitu-
ents. 

Zero gas means a gas that yields a 
zero response in an analyzer. This may 
either be purified nitrogen, purified 
air, a combination of purified air and 
purified nitrogen. For field testing, zero 
gas may include ambient air. 

[70 FR 40516, July 13, 2005, as amended at 73 
FR 37346, June 30, 2008; 73 FR 59342, Oct. 8, 
2008; 74 FR 8428, Feb. 24, 2009; 74 FR 56518, 
Oct. 30, 2009; 75 FR 23058, Apr. 30, 2010; 76 FR 
57467, Sept. 15, 2011; 79 FR 23814, Apr. 28, 2014; 
81 FR 74191, Oct. 25, 2016] 

§ 1065.1005 Symbols, abbreviations, 
acronyms, and units of measure. 

The procedures in this part generally 
follow the International System of 
Units (SI), as detailed in NIST Special 
Publication 811, which we incorporate 
by reference in § 1065.1010. See § 1065.20 
for specific provisions related to these 
conventions. This section summarizes 
the way we use symbols, units of meas-
ure, and other abbreviations. 

(a) Symbols for quantities. This part 
uses the following symbols and units of 
measure for various quantities: 

Sym-
bol Quantity Unit Unit symbol Units in terms of SI base units 

α ....... atomic hydrogen-to-car-
bon ratio.

mole per mole ................. mol/mol ......... 1. 

A ....... area ................................. square meter ................... m2 ................. m2. 
a0 ...... intercept of least squares 

regression.
a1 ...... slope of least squares re-

gression.
ag ...... acceleration of Earth’s 

gravity.
meter per square second m/s2 .............. m·s¥2. 

β ....... ratio of diameters ............ meter per meter .............. m/m .............. 1. 
β ....... atomic oxygen-to-carbon 

ratio.
mole per mole ................. mol/mol ......... 1. 

C# ..... number of carbon atoms 
in a molecule.

Cd ..... discharge coefficient.
Cf ...... flow coefficient.
δ ........ atomic nitrogen-to-carbon 

ratio.
mole per mole ................. mol/mol ......... 1. 

d ....... Diameter .......................... meter ............................... m .................. m. 
DR .... dilution ratio ..................... mole per mole ................. mol/mol ......... 1. 
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Sym-
bol Quantity Unit Unit symbol Units in terms of SI base units 

ε ........ error between a quantity 
and its reference.

e ....... brake-specific emission 
or fuel consumption.

gram per kilowatt hour .... g/(kW·hr) ...... g·3.6·10¥6·;m¥2·kg¥1·s2. 

F ....... F-test statistic.
f ........ frequency ........................ hertz ................................ Hz ................. s¥1. 
fn ....... angular speed (shaft) ...... revolutions per minute .... r/min ............. π·30¥1·s¥1. 
γ ........ ratio of specific heats ...... (joule per kilogram kelvin) 

per (joule per kilogram 
kelvin).

(J/(kg·K))/(J/ 
(kg·K)).

1. 

γ ........ atomic sulfur-to-carbon 
ratio.

mole per mole ................. mol/mol ......... 1. 

K ....... correction factor .............. ......................................... ...................... 1. 
Kv ...... calibration coefficient ...... ......................................... m4·;s·K0.5/kg m4·kg¥1s·K0.5. 
l ......... length .............................. meter ............................... m .................. m. 
μ ....... viscosity, dynamic ........... pascal second ................. Pa·s .............. m¥1·kg·s¥1. 
M ...... molar mass 1 ................... gram per mole ................. g/mol ............ 10¥3·kg·mol¥1. 
m ...... mass ................................ kilogram ........................... kg ................. kg. 
ṁ ...... mass rate ........................ kilogram per second ....... kg/s ............... kg·s¥1. 
ν ....... viscosity, kinematic ......... meter squared per sec-

ond.
m2/s .............. m2·s¥1. 

N ....... total number in series.
n ....... amount of substance ...... mole ................................ mol ............... mol.ROW≤ 
ṅ ....... amount of substance rate mole per second ............. mol/s ............. mol·s¥1. 
P ....... power .............................. kilowatt ............................ kW ................ 103·m2·kg·s¥3. 
PF ..... penetration fraction.
p ....... pressure .......................... pascal .............................. Pa ................. m¥1·kg·s¥2. 
ρ ....... mass density ................... kilogram per cubic meter kg/m3 ............ m

¥
3·kg. 

Δ ....... differential static pressure pascal .............................. Pa ................. m¥1·kg·s¥2. 
r ........ ratio of pressures ............ pascal per pascal ............ Pa/Pa ........... 1. 
r2 ....... coefficient of determina-

tion.
Ra ..... average surface rough-

ness.
micrometer ...................... μm ................ 10¥6·m. 

Re# ... Reynolds number.
RF ..... response factor.
RH .... relative humidity.
σ ....... non-biased standard de-

viation.
S ....... Sutherland constant ........ kelvin ............................... K ................... K. 
SEE .. standard estimate of error.
T ....... absolute temperature ...... kelvin ............................... K ................... K. 
T ....... Celsius temperature ........ degree Celsius ................ °C ................. K—273.15. 
T ....... torque (moment of force) newton meter .................. N·m ............... m2·kg·s¥2. 
q ....... plane angle ..................... degrees ........................... ° .................... rad. 
t ........ time ................................. second ............................. s ................... s. 
Δt ...... time interval, period, 1/ 

frequency.
second ............................. s ................... s. 

V ....... volume ............................. cubic meter ..................... m3 ................. m3. 
V̇ ....... volume rate ..................... cubic meter per second .. m3/s .............. m3·s¥1. 
W ...... work ................................. kilowatt-hour .................... kW·hr ............ 3.6¥1·106·m2·kg·s¥2. 
wC ..... carbon mass fraction ...... gram per gram ................ g/g ................ 1. 
x ........ amount of substance 

mole fraction 2.
mole per mole ................. mol/mol ......... 1. 

x̄ ........ flow-weighted mean con-
centration.

mole per mole ................. mol/mol ......... 1. 

y ........ generic variable.
Z ....... compressibility factor.

1 See paragraph (f)(2) of this section for the values to use for molar masses. Note that in the cases of NOX and HC, the regu-
lations specify effective molar masses based on assumed speciation rather than actual speciation. 

2 Note that mole fractions for THC, THCE, NMHC, NMHCE, and NOTHC are expressed on a C1-equivalent basis. 

(b) Symbols for chemical species. This 
part uses the following symbols for 
chemical species and exhaust constitu-
ents: 

Symbol Species 

Ar ............................ argon. 

Symbol Species 

C ............................. carbon. 
CH2O ...................... formaldehyde. 
CH2O2 .................... formic acid. 
CH3OH ................... methanol. 
CH4 ......................... methane. 
C2H4O .................... acetaldehyde. 
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Symbol Species 

C2H5OH .................. ethanol. 
C2H6 ....................... ethane. 
C3H7OH .................. propanol. 
C3H8 ....................... propane. 
C4H10 ...................... butane. 
C5H12 ...................... pentane. 
CO .......................... carbon monoxide. 
CO2 ........................ carbon dioxide. 
H ............................. atomic hydrogen. 
H2 ........................... molecular hydrogen. 
H2O ........................ water. 
H2SO4 ..................... sulfuric acid. 
HC .......................... hydrocarbon. 
He ........................... helium. 
85Kr ........................ krypton 85. 
N2 ........................... molecular nitrogen. 
NH3 ......................... ammonia. 
NMHC .................... nonmethane hydrocarbon. 
NMHCE .................. nonmethane hydrocarbon equivalent. 
NMNEHC ............... nonmethane-nonethane hydrocarbon. 
NO .......................... nitric oxide. 
NO2 ........................ nitrogen dioxide. 
NOX ........................ oxides of nitrogen. 
N2O ........................ nitrous oxide. 
NMOG .................... nonmethane organic gases. 
NONMHC ............... non-oxygenated nonmethane hydro-

carbon. 
NOTHC .................. non-oxygenated total hydrocarbon. 
O2 ........................... molecular oxygen. 
OHC ....................... oxygenated hydrocarbon. 
210Po ...................... polonium 210. 
PM .......................... particulate matter. 
S ............................. sulfur. 
SVOC ..................... semi-volatile organic compound. 
THC ........................ total hydrocarbon. 
THCE ..................... total hydrocarbon equivalent. 
ZrO2 ........................ zirconium dioxide. 

(c) Prefixes. This part uses the fol-
lowing prefixes to define a quantity: 

Symbol Quantity Value 

μ ..................................... micro .............................. 10¥6 
m .................................... milli ................................ 10¥3 
c ..................................... centi ............................... 10¥2 
k ..................................... kilo ................................. 103 
M .................................... mega ............................. 106 

(d) Superscripts. This part uses the 
following superscripts to define a quan-
tity: 

Superscript Quantity 

overbar 
(such as ȳ).

arithmetic mean. 

overdot (such 
as ẏ).

quantity per unit time. 

(e) Subscripts. This part uses the fol-
lowing subscripts to define a quantity: 

Subscript Quantity 

abs ............... absolute quantity. 
act ................ actual condition. 
air ................ air, dry. 
amb ............. ambient. 
atmos ........... atmospheric. 
bkgnd ........... background. 
cal ................ calibration quantity. 
CFV ............. critical flow venturi. 
comb ............ combined. 
composite .... composite value. 
cor ............... corrected quantity. 
dil ................. dilution air. 
dew .............. dewpoint. 
dexh ............. diluted exhaust. 
dry ............... dry condition. 
dutycycle ..... duty cycle. 
exh ............... raw exhaust. 
exp ............... expected quantity. 
fn ................. feedback speed. 
frict ............... friction. 
fuel ............... fuel consumption. 
hi, idle .......... condition at high-idle. 
i .................... an individual of a series. 
idle ............... condition at idle. 
in .................. quantity in. 
init ................ initial quantity, typically before an emission 

test. 
int ................. intake air. 
j .................... an individual of a series. 
mapped ....... conditions over which an engine can operate. 
max .............. the maximum (i.e., peak) value expected at 

the standard over a test interval; not the 
maximum of an instrument range. 

meas ............ measured quantity. 
media ........... PM sample media. 
mix ............... mixture of diluted exhaust and air. 
norm ............ normalized. 
out ............... quantity out. 
P .................. power. 
part .............. partial quantity. 
PDP ............. positive-displacement pump. 
post .............. after the test interval. 
pre ............... before the test interval. 
prod ............. stoichiometric product. 
record .......... record rate. 
ref ................ reference quantity. 
rev ............... revolution. 
sat ................ saturated condition. 
s ................... slip. 
span ............. span quantity. 
SSV ............. subsonic venturi. 
std ................ standard condition. 
stroke ........... engine strokes per power stroke. 
T .................. torque. 
test ............... test quantity. 
test, alt ......... alternate test quantity. 
uncor ........... uncorrected quantity. 
vac ............... vacuum side of the sampling system. 
weight .......... calibration weight. 
zero ............. zero quantity. 

(f) Constants. (1) This part uses the 
following constants for the composi-
tion of dry air: 

Symbol Quantity mol/mol 

xArair ........................... amount of argon in dry air ........................................................................................ 0.00934 
xCO2air ......................... amount of carbon dioxide in dry air .......................................................................... 0.000375 
xN2air ........................... amount of nitrogen in dry air ..................................................................................... 0.78084 
xO2air ........................... amount of oxygen in dry air ...................................................................................... 0.209445 
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(2) This part uses the following molar masses or effective molar masses of 
chemical species: 

Symbol Quantity g/mol 
(10¥3·kg·mol¥1) 

Mair ......................... molar mass of dry air 1 .................................................................................................. 28.96559 
MAr ......................... molar mass of argon ..................................................................................................... 39.948 
MC .......................... molar mass of carbon ................................................................................................... 12.0107 
MCH3OH ................... molar mass of methanol ............................................................................................... 32.04186 
MC2H5OH ................. molar mass of ethanol .................................................................................................. 46.06844 
MC2H4O ................... molar mass of acetaldehyde ........................................................................................ 44.05256 
MCH4N2O ................. molar mass of urea ....................................................................................................... 60.05526 
MC3H8 ..................... molar mass of propane ................................................................................................. 44.09562 
MC3H7OH ................. molar mass of propanol ................................................................................................ 60.09502 
MCO ........................ molar mass of carbon monoxide .................................................................................. 28.0101 
MCH4 ....................... molar mass of methane ................................................................................................ 16.0425 
MCO2 ....................... molar mass of carbon dioxide ...................................................................................... 44.0095 
MH .......................... molar mass of atomic hydrogen ................................................................................... 1.00794 
MH2 ......................... molar mass of molecular hydrogen .............................................................................. 2.01588 
MH2O ....................... molar mass of water ..................................................................................................... 18.01528 
MCH2O ..................... molar mass of formaldehyde ........................................................................................ 30.02598 
MHe ......................... molar mass of helium ................................................................................................... 4.002602 
MN .......................... molar mass of atomic nitrogen ..................................................................................... 14.0067 
MN2 ......................... molar mass of molecular nitrogen ................................................................................ 28.0134 
MNH3 ....................... molar mass of ammonia ............................................................................................... 17.03052 
MNMHC .................... effective C1 molar mass of nonmethane hydrocarbon 2 ............................................... 13.875389 
MNMHCE .................. effective C1 molar mass of nonmethane hydrocarbon equivalent 2 ............................. 13.875389 
MNMNEHC ................ effective C1 molar mass of nonmethane-nonethane hydrocarbon 2 ............................. 13.875389 
MNOx ....................... effective molar mass of oxides of nitrogen 3 ................................................................ 46.0055 
MN2O ....................... molar mass of nitrous oxide ......................................................................................... 44.0128 
MO .......................... molar mass of atomic oxygen ...................................................................................... 15.9994 
MO2 ......................... molar mass of molecular oxygen ................................................................................. 31.9988 
MS ........................... molar mass of sulfur ..................................................................................................... 32.065 
MTHC ....................... effective C1 molar mass of total hydrocarbon 2 ............................................................ 13.875389 
MTHCE ..................... effective C1 molar mass of total hydrocarbon equivalent 2 .......................................... 13.875389 

1 See paragraph (f)(1) of this section for the composition of dry air. 
2 The effective molar masses of THC, THCE, NMHC, NMHCE, and NMNEHC are defined on a C1 basis and are based on an 

atomic hydrogen-to-carbon ratio, α, of 1.85 (with β, γ, and δ equal to zero). 
3 The effective molar mass of NOX is defined by the molar mass of nitrogen dioxide, NO2. 

(3) This part uses the following molar gas constant for ideal gases: 

Symbol Quantity 
J/(mol · K) 

(m2 · kg · s¥2 · 
mol¥1 · K¥1) 

R ................................ molar gas constant .................................................................................................... 8.314472 

(4) This part uses the following ratios of specific heats for dilution air and di-
luted exhaust: 

Symbol Quantity [J/(kg · K)]/[J/(kg · 
K)] 

γair .............................. ratio of specific heats for intake air or dilution air .................................................... 1.399 
γdil .............................. ratio of specific heats for diluted exhaust ................................................................. 1.399 
γexh ............................. ratio of specific heats for raw exhaust ...................................................................... 1.385 

(g) Other acronyms and abbreviations. 
This part uses the following additional 
abbreviations and acronyms: 

ABS ............. acrylonitrile-butadiene-styrene. 
ASTM .......... American Society for Testing and Materials. 
BMD ............ bag mini-diluter. 
BSFC ........... brake-specific fuel consumption. 
CARB .......... California Air Resources Board. 
CFR ............. Code of Federal Regulations. 
CFV ............. critical-flow venturi. 
CI ................. compression-ignition. 
CITT ............ Curb Idle Transmission Torque. 

CLD ............. chemiluminescent detector. 
CVS ............. constant-volume sampler. 
DF ................ deterioration factor. 
ECM ............ electronic control module. 
EFC ............. electronic flow control. 
e.g ............... for example. 
EGR ............. exhaust gas recirculation. 
EPA ............. Environmental Protection Agency. 
FEL .............. Family Emission Limit. 
FID ............... flame-ionization detector. 
FTIR ............ Fourier transform infrared. 
GC ............... gas chromatograph. 
GC–ECD ..... gas chromatograph with an electron-capture 

detector. 
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GC–FID ....... gas chromatograph with a flame ionization 
detector. 

HEPA ........... high-efficiency particulate air. 
IBP ............... initial boiling point. 
IBR .............. incorporated by reference. 
i.e ................. in other words. 
ISO .............. International Organization for Standardization. 
LPG ............. liquefied petroleum gas. 
MPD ............ magnetopneumatic detection. 
NDIR ............ nondispersive infrared. 
NDUV .......... nondispersive ultraviolet. 
NIST ............ National Institute for Standards and Tech-

nology. 
NMC ............ nonmethane cutter. 
PDP ............. positive-displacement pump. 
PEMS .......... portable emission measurement system. 
PFD ............. partial-flow dilution. 
PLOT ........... porous layer open tubular. 
PMD ............ paramagnetic detection. 
PMP ............. Polymethylpentene. 
pt ................. a single point at the mean value expected at 

the standard. 
psi ................ pounds per square inch. 
PTFE ........... polytetrafluoroethylene (commonly known as 

Teflon TM). 
RE ............... rounding error. 
RESS ........... rechargeable energy storage system. 
RFPF ........... response factor penetration fraction. 
RMC ............ ramped-modal cycle. 
rms .............. root-mean square. 
RTD ............. resistive temperature detector. 
SAW ............ surface acoustic wave. 
SEE ............. standard estimate of error. 
SSV ............. subsonic venturi. 
SI ................. spark-ignition. 
THC–FID ..... total hydrocarbon flame ionization detector. 
TINV ............ inverse student t-test function in Microsoft 

Excel. 
UCL ............. upper confidence limit. 
UFM ............. ultrasonic flow meter. 
U.S.C ........... United States Code. 

[79 FR 23815, Apr. 28, 2014, as amended at 81 
FR 74191, Oct. 25, 2016] 

§ 1065.1010 Incorporation by ref-
erence. 

(a) Certain material is incorporated 
by reference into this part with the ap-
proval of the Director of the Federal 
Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this sec-
tion, a document must be published in 
the FEDERAL REGISTER and the mate-
rial must be available to the public. All 
approved materials are available for in-
spection at the Air and Radiation 
Docket and Information Center (Air 
Docket) in the EPA Docket Center 
(EPA/DC) at Rm. 3334, EPA West Bldg., 
1301 Constitution Ave. NW., Wash-
ington, DC. The EPA/DC Public Read-
ing Room hours of operation are 8:30 
a.m. to 4:30 p.m., Monday through Fri-
day, excluding legal holidays. The tele-
phone number of the EPA/DC Public 
Reading Room is (202) 566–1744, and the 

telephone number for the Air Docket is 
(202) 566–1742. These approved materials 
are also available for inspection at the 
National Archives and Records Admin-
istration (NARA). For information on 
the availability of this material at 
NARA, call (202) 741–6030 or go to http:// 
www.archives.gov/federallregister/ 
codeloflfederallregulations/ 
ibrllocations.html. In addition, these 
materials are available from the 
sources listed below. 

(b) ASTM material. The following 
standards are available from ASTM 
International, 100 Barr Harbor Dr., P.O. 
Box C700, West Conshohocken, PA 
19428–2959, (877) 909–2786, or http:// 
www.astm.org: 

(1) ASTM D86–12, Standard Test Method for 
Distillation of Petroleum Products at At-
mospheric Pressure, approved December 1, 
2012 (‘‘ASTM D86’’), IBR approved for 
§§ 1065.703(b) and 1065.710(b) and (c). 

(2) ASTM D93–13, Standard Test Methods 
for Flash Point by Pensky-Martens Closed 
Cup Tester, approved July 15, 2013 (‘‘ASTM 
D93’’), IBR approved for § 1065.703(b). 

(3) ASTM D130–12, Standard Test Method 
for Corrosiveness to Copper from Petroleum 
Products by Copper Strip Test, approved No-
vember 1, 2012 (‘‘ASTM D130’’), IBR approved 
for § 1065.710(b). 

(4) ASTM D381–12, Standard Test Method 
for Gum Content in Fuels by Jet Evapo-
ration, approved April 15, 2012 (‘‘ASTM 
D381’’), IBR approved for § 1065.710(b). 

(5) ASTM D445–12, Standard Test Method 
for Kinematic Viscosity of Transparent and 
Opaque Liquids (and Calculation of Dynamic 
Viscosity), approved April 15, 2012 (‘‘ASTM 
D445’’), IBR approved for § 1065.703(b). 

(6) ASTM D525–12a, Standard Test Method 
for Oxidation Stability of Gasoline (Induc-
tion Period Method), approved September 1, 
2012 (‘‘ASTM D525’’), IBR approved for 
§ 1065.710(b). 

(7) ASTM D613–13, Standard Test Method 
for Cetane Number of Diesel Fuel Oil, ap-
proved December 1, 2013 (‘‘ASTM D613’’), IBR 
approved for § 1065.703(b). 

(8) ASTM D910–13a, Standard Specification 
for Aviation Gasolines, approved December 1, 
2013 (‘‘ASTM D910’’), IBR approved for 
§ 1065.701(f). 

(9) ASTM D975–13a, Standard Specification 
for Diesel Fuel Oils, approved December 1, 
2013 (‘‘ASTM D975’’), IBR approved for 
§ 1065.701(f). 

(10) ASTM D1267–12, Standard Test Method 
for Gage Vapor Pressure of Liquefied Petro-
leum (LP) Gases (LP-Gas Method), approved 
November 1, 2012 (‘‘ASTM D1267’’), IBR ap-
proved for § 1065.720(a). 
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(11) ASTM D1319–13, Standard Test Method 
for Hydrocarbon Types in Liquid Petroleum 
Products by Fluorescent Indicator Adsorp-
tion, approved May 1, 2013 (‘‘ASTM D1319’’), 
IBR approved for § 1065.710(c). 

(12) ASTM D1655–13a, Standard Specifica-
tion for Aviation Turbine Fuels, approved 
December 1, 2013 (‘‘ASTM D1655’’), IBR ap-
proved for § 1065.701(f). 

(13) ASTM D1837–11, Standard Test Method 
for Volatility of Liquefied Petroleum (LP) 
Gases, approved October 1, 2011 (‘‘ASTM 
D1837’’), IBR approved for § 1065.720(a). 

(14) ASTM D1838–12a, Standard Test Meth-
od for Copper Strip Corrosion by Liquefied 
Petroleum (LP) Gases, approved December 1, 
2012 (‘‘ASTM D1838’’), IBR approved for 
§ 1065.720(a). 

(15) ASTM D1945–03 (Reapproved 2010), 
Standard Test Method for Analysis of Nat-
ural Gas by Gas Chromatography, approved 
January 1, 2010 (‘‘ASTM D1945’’), IBR ap-
proved for § 1065.715(a). 

(16) ASTM D2158–11, Standard Test Method 
for Residues in Liquefied Petroleum (LP) 
Gases, approved January 1, 2011 (‘‘ASTM 
D2158’’), IBR approved for § 1065.720(a). 

(17) ASTM D2163–07, Standard Test Method 
for Determination of Hydrocarbons in Lique-
fied Petroleum (LP) Gases and Propane/ 
Propene Mixtures by Gas Chromatography, 
approved December 1, 2007 (‘‘ASTM D2163’’), 
IBR approved for § 1065.720(a). 

(18) ASTM D2598–12, Standard Practice for 
Calculation of Certain Physical Properties of 
Liquefied Petroleum (LP) Gases from 
Compositional Analysis, approved November 
1, 2012 (‘‘ASTM D2598’’), IBR approved for 
§ 1065.720(a). 

(19) ASTM D2622–10, Standard Test Method 
for Sulfur in Petroleum Products by Wave-
length Dispersive X-ray Fluorescence Spec-
trometry, approved February 15, 2010 
(‘‘ASTM D2622’’), IBR approved for 
§§ 1065.703(b) and 1065.710(b) and (c). 

(20) ASTM D2699–13b, Standard Test Meth-
od for Research Octane Number of Spark-Ig-
nition Engine Fuel, approved October 1, 2013 
(‘‘ASTM D2699’’), IBR approved for 
§ 1065.710(b). 

(21) ASTM D2700–13b, Standard Test Meth-
od for Motor Octane Number of Spark-Igni-
tion Engine Fuel, approved October 1, 2013 
(‘‘ASTM D2700’’), IBR approved for 
§ 1065.710(b). 

(22) ASTM D2713–13, Standard Test Method 
for Dryness of Propane (Valve Freeze Meth-
od), approved October 1, 2013 (‘‘ASTM 
D2713’’), IBR approved for § 1065.720(a). 

(23) ASTM D2784–11, Standard Test Method 
for Sulfur in Liquefied Petroleum Gases 
(Oxy-Hydrogen Burner or Lamp), approved 
January 1, 2011 (‘‘ASTM D2784’’), IBR ap-
proved for § 1065.720(a). 

(24) ASTM D2880–13b, Standard Specifica-
tion for Gas Turbine Fuel Oils, approved No-

vember 15, 2013 (‘‘ASTM D2880’’), IBR ap-
proved for § 1065.701(f). 

(25) ASTM D2986–95a, Standard Practice for 
Evaluation of Air Assay Media by the 
Monodisperse DOP (Dioctyl Phthalate) 
Smoke Test, approved September 10, 1995 
(‘‘ASTM D2986’’), IBR approved for 
§ 1065.170(c). (Note: This standard was with-
drawn by ASTM.) 

(26) ASTM D3231–13, Standard Test Method 
for Phosphorus in Gasoline, approved June 
15, 2013 (‘‘ASTM D3231’’), IBR approved for 
§ 1065.710(b) and (c). 

(27) ASTM D3237–12, Standard Test Method 
for Lead in Gasoline By Atomic Absorption 
Spectroscopy, approved June 1, 2012 (‘‘ASTM 
D3237’’), IBR approved for § 1065.710(b) and (c). 

(28) ASTM D4052–11, Standard Test Method 
for Density, Relative Density, and API Grav-
ity of Liquids by Digital Density Meter, ap-
proved October 15, 2011 (‘‘ASTM D4052’’), IBR 
approved for § 1065.703(b). 

(29) ASTM D4629–12, Standard Test Method 
for Trace Nitrogen in Liquid Petroleum Hy-
drocarbons by Syringe/Inlet Oxidative Com-
bustion and Chemiluminescence Detection, 
approved April 15, 2012 (‘‘ASTM D4629’’), IBR 
approved for § 1065.655(e). 

(30) ASTM D4814–13b, Standard Specifica-
tion for Automotive Spark-Ignition Engine 
Fuel, approved December 1, 2013 (‘‘ASTM 
D4814’’), IBR approved for § 1065.701(f). 

(31) ASTM D4815–13, Standard Test Method 
for Determination of MTBE, ETBE, TAME, 
DIPE, tertiary-Amyl Alcohol and C1 to C4 Al-
cohols in Gasoline by Gas Chromatography, 
approved October 1, 2013 (‘‘ASTM D4815’’), 
IBR approved for § 1065.710(b). 

(32) ASTM D5186–03 (Reapproved 2009), 
Standard Test Method for Determination of 
the Aromatic Content and Polynuclear Aro-
matic Content of Diesel Fuels and Aviation 
Turbine Fuels By Supercritical Fluid Chro-
matography, approved April 15, 2009 (‘‘ASTM 
D5186’’), IBR approved for § 1065.703(b). 

(33) ASTM D5191–13, Standard Test Method 
for Vapor Pressure of Petroleum Products 
(Mini Method), approved December 1, 2013 
(‘‘ASTM D5191’’), IBR approved for 
§ 1065.710(b) and (c). 

(34) ASTM D5291–10, Standard Test Meth-
ods for Instrumental Determination of Car-
bon, Hydrogen, and Nitrogen in Petroleum 
Products and Lubricants, approved May 1, 
2010 (‘‘ASTM D5291’’), IBR approved for 
§ 1065.655(e). 

(35) ASTM D5453–12, Standard Test Method 
for Determination of Total Sulfur in Light 
Hydrocarbons, Spark Ignition Engine Fuel, 
Diesel Engine Fuel, and Engine Oil by Ultra-
violet Fluorescence, approved November 1, 
2012 (‘‘ASTM D5453’’), IBR approved for 
§ 1065.710(b). 

(36) ASTM D5599–00 (Reapproved 2010), 
Standard Test Method for Determination of 
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Oxygenates in Gasoline by Gas Chroma-
tography and Oxygen Selective Flame Ion-
ization Detection, approved October 1, 2010 
(‘‘ASTM D5599’’), IBR approved for 
§§ 1065.655(e) and 1065.710(b). 

(37) ASTM D5762–12 Standard Test Method 
for Nitrogen in Petroleum and Petroleum 
Products by Boat-Inlet Chemiluminescence, 
approved April 15, 2012 (‘‘ASTM D5762’’), IBR 
approved for § 1065.655(e). 

(38) ASTM D5769–10, Standard Test Method 
for Determination of Benzene, Toluene, and 
Total Aromatics in Finished Gasolines by 
Gas Chromatography/Mass Spectrometry, 
approved May 1, 2010 (‘‘ASTM D5769’’), IBR 
approved for § 1065.710(b). 

(39) ASTM D5797–13, Standard Specification 
for Fuel Methanol (M70- M85) for Automotive 
Spark-Ignition Engines, approved June 15, 
2013 (‘‘ASTM D5797’’), IBR approved for 
§ 1065.701(f). 

(40) ASTM D5798–13a, Standard Specifica-
tion for Ethanol Fuel Blends for Flexible 
Fuel Automotive Spark-Ignition Engines, 
approved June 15, 2013 (‘‘ASTM D5798’’), IBR 
approved for § 1065.701(f). 

(41) ASTM D6348–12 ε1, Standard Test Meth-
od for Determination of Gaseous Compounds 
by Extractive Direct Interface Fourier 
Transform Infrared (FTIR) Spectroscopy, ap-
proved February 1, 2012 (‘‘ASTM D6348’’), IBR 
approved for §§ 1065.266(b) and 1065.275(b). 

(42) ASTM D6550–10, Standard Test Method 
for Determination of Olefin Content of Gaso-
lines by Supercritical-Fluid Chroma-
tography, approved October 1, 2010 (‘‘ASTM 
D6550’’), IBR approved for § 1065.710(b). 

(43) ASTM D6615–11a, Standard Specifica-
tion for Jet B Wide-Cut Aviation Turbine 
Fuel, approved October 1, 2011 (‘‘ASTM 
D6615’’), IBR approved for § 1065.701(f). 

(44) ASTM D6751–12, Standard Specification 
for Biodiesel Fuel Blend Stock (B100) for 
Middle Distillate Fuels, approved August 1, 
2012 (‘‘ASTM D6751’’), IBR approved for 
§ 1065.701(f). 

(45) ASTM D6985–04a, Standard Specifica-
tion for Middle Distillate Fuel Oil—Military 
Marine Applications, approved November 1, 
2004 (‘‘ASTM D6985’’), IBR approved for 
§ 1065.701(f). (NOTE: This standard was with-
drawn by ASTM.) 

(46) ASTM D7039–13, Standard Test Method 
for Sulfur in Gasoline, Diesel Fuel, Jet Fuel, 
Kerosine, Biodiesel, Biodiesel Blends, and 
Gasoline-Ethanol Blends by Monochromatic 
Wavelength Dispersive X-ray Fluorescence 
Spectrometry, approved September 15, 2013 
(‘‘ASTM D7039’’), IBR approved for 
§ 1065.710(b). 

(47) ASTM F1471–09, Standard Test Method 
for Air Cleaning Performance of a High- Effi-
ciency Particulate Air Filter System, ap-
proved March 1, 2009 (‘‘ASTM F1471’’), IBR 
approved for § 1065.1001. 

(c) California Air Resources Board ma-
terial. The following documents are 

available from the California Air Re-
sources Board, Haagen-Smit Labora-
tory, 9528 Telstar Ave., El Monte, CA 
91731–2908, (800) 242–4450, or http:// 
www.arb.ca.gov: 

(1) California Non-Methane Organic 
Gas Test Procedures, Amended July 30, 
2002, Mobile Source Division, California 
Air Resources Board, IBR approved for 
§ 1065.805(f). 

(2) [Reserved] 
(d) Institute of Petroleum material. The 

following documents are available from 
the Energy Institute, 61 New Cavendish 
St., London, W1G 7AR, UK, or by call-
ing + 44–(0)20–7467–7100, or at http:// 
www.energyinst.org: 

(1) IP–470, 2005, Determination of alu-
minum, silicon, vanadium, nickel, iron, 
calcium, zinc, and sodium in residual 
fuels by atomic absorption spectrom-
etry, IBR approved for § 1065.705(b). 

(2) IP–500, 2003, Determination of the 
phosphorus content of residual fuels by 
ultra-violet spectrometry, IBR ap-
proved for § 1065.705(b). 

(3) IP–501, 2005, Determination of alu-
minum, silicon, vanadium, nickel, iron, 
sodium, calcium, zinc and phosphorus 
in residual fuel oil by ashing, fusion 
and inductively coupled plasma emis-
sion spectrometry, IBR approved for 
§ 1065.705(b). 

(e) ISO material. The following stand-
ards are available from the Inter-
national Organization for Standardiza-
tion, 1, ch. de la Voie-Creuse, CP 56, 
CH–1211 Geneva 20, Switzerland, 41–22– 
749–01–11, or http://www.iso.org: 

(1) ISO 2719:2002, Determination of flash 
point—Pensky-Martens closed cup method 
(‘‘ISO 2719’’), IBR approved for § 1065.705(c). 

(2) ISO 3016:1994, Petroleum products—De-
termination of pour point (‘‘ISO 3016’’), IBR 
approved for § 1065.705(c). 

(3) ISO 3104:1994/Cor 1:1997, Petroleum prod-
ucts—Transparent and opaque liquids—De-
termination of kinematic viscosity and cal-
culation of dynamic viscosity (‘‘ISO 3104’’), 
IBR approved for § 1065.705(c). 

(4) ISO 3675:1998, Crude petroleum and liq-
uid petroleum products—Laboratory deter-
mination of density—Hydrometer method 
(‘‘ISO 3675’’), IBR approved for § 1065.705(c). 

(5) ISO 3733:1999, Petroleum products and 
bituminous materials—Determination of 
water—Distillation method (‘‘ISO 3733’’), IBR 
approved for § 1065.705(c). 

(6) ISO 6245:2001, Petroleum products—De-
termination of ash (‘‘ISO 6245’’), IBR ap-
proved for § 1065.705(c). 
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(7) ISO 8217:2012(E), Petroleum products— 
Fuels (class F)—Specifications of marine 
fuels, Fifth edition, August 15, 2012 (‘‘ISO 
8217’’), IBR approved for § 1065.705(b) and (c). 

(8) ISO 8754:2003, Petroleum products—De-
termination of sulfur content—Energy-dis-
persive X-ray Fluorescence spectrometry 
(‘‘ISO 8754’’), IBR approved for § 1065.705(c). 

(9) ISO 10307–2(E):2009, Petroleum prod-
ucts—Total sediment in residual fuel oils— 
Part 2: Determination using standard proce-
dures for ageing, Second Ed., February 1, 
2009 (‘‘ISO 10307’’), as modified by ISO 10307– 
2:2009/Cor.1:2010(E), Technical Corrigendum 1, 
published May 15, 2010, IBR approved for 
§ 1065.705(c). 

(10) ISO 10370:1993/Cor 1:1996, Petroleum 
products—Determination of carbon residue— 
Micro method (‘‘ISO 10370’’), IBR approved 
for § 1065.705(c). 

(11) ISO 10478:1994, Petroleum products— 
Determination of aluminium and silicon in 
fuel oils—Inductively coupled plasma emis-
sion and atomic absorption spectroscopy 
methods (‘‘ISO 10478’’), IBR approved for 
§ 1065.705(c). 

(12) ISO 12185:1996/Cor 1:2001, Crude petro-
leum and petroleum products—Determina-
tion of density—Oscillating U-tube method 
(‘‘ISO 12185’’), IBR approved for § 1065.705(c). 

(13) ISO 14596:2007, Petroleum products— 
Determination of sulfur content—Wave-
length-dispersive X-ray fluorescence spec-
trometry (‘‘ISO 14596’’), IBR approved for 
§ 1065.705(c). 

(14) ISO 14597:1997, Petroleum products— 
Determination of vanadium and nickel con-
tent—Wavelength dispersive X-ray fluores-
cence spectrometry (‘‘ISO 14597’’), IBR ap-
proved for § 1065.705(c). 

(15) ISO 14644–1:1999, Cleanrooms and asso-
ciated controlled environments (‘‘ISO 
14644’’), IBR approved for § 1065.190(b). 

(f) NIST material. The following docu-
ments are available from National In-
stitute of Standards and Technology, 
100 Bureau Drive, Stop 1070, Gaithers-
burg, MD 20899–1070, (301) 975–6478, or 
www.nist.gov: 

(1) NIST Special Publication 811, 2008 
Edition, Guide for the Use of the Inter-
national System of Units (SI), March 
2008, IBR approved for §§ 1065.20(a) and 
1065.1005. 

(2) NIST Technical Note 1297, 1994 
Edition, Guidelines for Evaluating and 
Expressing the Uncertainty of NIST 
Measurement Results, IBR approved 
for § 1065.1001. 

(g) SAE International material. The 
following standards are available from 
SAE International, 400 Commonwealth 
Dr., Warrendale, PA 15096–0001, (724) 
776–4841, or http://www.sae.org: 

(1) SAE 770141, 1977, Optimization of 
Flame Ionization Detector for Deter-
mination of Hydrocarbon in Diluted 
Automotive Exhausts, Glenn D. 
Reschke, IBR approved for § 1065.360(c). 

(2) SAE J1151, Methane Measurement 
Using Gas Chromatography, stabilized 
September 2011, IBR approved for 
§§ 1065.267(b) and 1065.750(a). 

[79 FR 23818, Apr. 28, 2014, as amended at 81 
FR 74193, Oct. 25, 2016] 

Subpart L—Methods for Unregu-
lated and Special Pollutants 

SOURCE: 79 FR 23820, Apr. 28, 2014, unless 
otherwise noted. 

§ 1065.1101 Applicability. 
This subpart specifies procedures 

that may be used to measure emission 
constituents that are not measured (or 
not separately measured) by the test 
procedures in the other subparts of this 
part. These procedures are included to 
facilitate consistent measurement of 
unregulated pollutants for purposes 
other than compliance with emission 
standards. Unless otherwise specified 
in the standard-setting part, use of 
these procedures is optional and does 
not replace any requirements in the 
rest of this part. 

SEMI-VOLATILE ORGANIC COMPOUNDS 

§ 1065.1103 General provisions for 
SVOC measurement. 

The provisions of §§ 1065.1103 through 
1065.1111 specify procedures for meas-
uring semi-volatile organic compounds 
(SVOC) along with PM. These sections 
specify how to collect a sample of the 
SVOCs during exhaust emission test-
ing, as well as how to use wet chem-
istry techniques to extract SVOCs from 
the sample media for analysis. Note 
that the precise method you use will 
depend on the category of SVOCs being 
measured. For example, the method 
used to measure polynuclear aromatic 
hydrocarbons (PAHs) will differ slight-
ly from the method used to measure 
dioxins. Follow standard analytic 
chemistry methods for any aspects of 
the analysis that are not specified. 

(a) Laboratory cleanliness is espe-
cially important throughout SVOC 
testing. Thoroughly clean all sampling 
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system components and glassware be-
fore testing to avoid sample contami-
nation. For the purposes of this sub-
part, the sampling system is defined as 
sample pathway from the sample probe 
inlet to the downstream most point 
where the sample is captured (in this 
case the condensate trap). 

(b) We recommend that media blanks 
be analyzed for each batch of sample 
media (sorbent, filters, etc.) prepared 
for testing. Blank sorbent modules 
(i.e., field blanks) should be stored in a 
sealed environment and should periodi-
cally accompany the test sampling sys-
tem throughout the course of a test, 
including sampling system and sorbent 
module disassembly, sample pack-
aging, and storage. Use good engineer-
ing judgment to determine the fre-
quency with which you should generate 
field blanks. The field blank sample 
should be close to the sampler during 
testing. 

(c) We recommend the use of isotope 
dilution techniques, including the use 
of isotopically labeled surrogate, inter-
nal, alternate, and injection standards. 

(d) If your target analytes degrade 
when exposed to ultraviolet radiation, 
such as nitropolynuclear aromatic hy-
drocarbons (nPAHs), perform these pro-
cedures in the dark or with ultraviolet 
filters installed over the lights. 

(e) The following definitions and ab-
breviations apply for SVOC measure-
ments: 

(1) Soxhlet extraction means the ex-
traction method invented by Franz von 
Soxhlet, in which the sample is placed 
in a thimble and rinsed repeatedly with 
a recycle of the extraction solvent. 

(2) XAD–2 means a hydrophobic 
crosslinked polystyrene copolymer 
resin adsorbent known commercially 
as Amberlite® XAD®-2, or an equiva-
lent adsorbent like XAD–4. 

(3) Semi-volatile organic compound 
(SVOC) means an organic compound 
that is sufficiently volatile to exist in 
vapor form in engine exhaust, but that 
readily condenses to liquid or solid 
form under atmospheric conditions. 
Most SVOCs have at least 14 carbon 
atoms per molecule or they have a 
boiling point between (240 and 400) °C. 
SVOCs include dioxin, quinone, and 
nitro-PAH compounds. They may be a 
natural byproduct of combustion or 

they may be created post-combustion. 
Note that SVOCs may be included in 
measured values of hydrocarbons and/ 
or PM using the procedures specified in 
this part. 

(4) Kuderna-Danish concentrator 
means laboratory glassware known by 
this name that consists of an air-cooled 
condenser on top of an extraction bulb. 

(5) Dean-Stark trap means laboratory 
glassware known by this name that 
uses a reflux condenser to collect water 
from samples extracted under reflux. 

(6) PUF means polyurethane foam. 
(7) Isotopically labeled means relating 

to a compound in which either all the 
hydrogen atoms are replaced with the 
atomic isotope hydrogen-2 (deuterium) 
or one of the carbon atoms at a defined 
position in the molecule is replaced 
with the atomic isotope carbon-13. 

§ 1065.1105 Sampling system design. 
(a) General. We recommend that you 

design your SVOC batch sampler to ex-
tract sample from undiluted emissions 
to maximize the sampled SVOC quan-
tity. If you dilute your sample, we rec-
ommend using annular dilution. If you 
dilute your sample, but do not use an-
nular dilution, you must precondition 
your sampling system to reach equi-
librium with respect to loss and re-en-
trainment of SVOCs to the walls of the 
sampling system. To the extent prac-
tical, adjust sampling times based on 
the emission rate of target analytes 
from the engine to obtain analyte con-
centrations above the detection limit. 
In some instances you may need to run 
repeat test cycles without replacing 
the sample media or disassembling the 
batch sampler. 

(b) Sample probe, transfer lines, and 
sample media holder design and construc-
tion. The sampling system should con-
sist of a sample probe, transfer line, 
PM filter holder, cooling coil, sorbent 
module, and condensate trap. Con-
struct sample probes, transfer lines, 
and sample media holders that have in-
side surfaces of nickel, titanium or an-
other nonreactive material capable of 
withstanding raw exhaust gas tempera-
tures. Seal all joints in the hot zone of 
the system with gaskets made of non-
reactive material similar to that of the 
sampling system components. You may 
use teflon gaskets in the cold zone. We 
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recommend locating all components as 
close to probes as practical to shorten 
sampling system length and minimize 
the surface exposed to engine exhaust. 

(c) Sample system configuration. This 
paragraph (c) specifies the components 
necessary to collect SVOC samples, 
along with our recommended design pa-
rameters. Where you do not follow our 
recommendations, use good engineer-
ing judgment to design your sampling 
system so it does not result in loss of 
SVOC during sampling. The sampling 
system should contain the following 
components in series in the order list-
ed: 

(1) Use a sample probe similar to the 
PM sample probe specified in subpart B 
of this part. 

(2) Use a PM filter holder similar to 
the holder specified in subpart B of this 
part, although you will likely need to 
use a larger size to accommodate the 
high sample flow rates. We recommend 
using a 110 mm filter for testing spark 
ignition engines or engines that utilize 
exhaust aftertreatment for PM re-
moval and a 293 mm filter for other en-
gines. If you are not analyzing sepa-
rately for SVOCs in gas and particle 
phases, you do not have to control the 
temperature of the filter holder. Note 
that this differs from normal PM sam-
pling procedures, which maintain the 
filter at a much lower temperature to 
capture a significant fraction of ex-
haust SVOC on the filter. In this meth-
od, SVOCs that pass through the filter 
will be collected on the downstream 
sorbent module. If you are collecting 
SVOCs in gas and particle phases, con-
trol your filter face temperature ac-
cording to § 1065.140(e)(4). 

(3) Use good engineering judgment to 
design a cooling coil that will drop the 
sample temperature to approximately 5 
°C. Note that downstream of the cool-
ing coil, the sample will be a mixture 
of vapor phase hydrocarbons in CO2, 
air, and a primarily aqueous liquid 
phase. 

(4) Use a hydrophobic sorbent in a 
sealed sorbent module. Note that this 
sorbent module is intended to be the 
final stage for collecting the SVOC 
sample and should be sized accordingly. 
We recommend sizing the module to 
hold 40 g of XAD–2 along with PUF 
plugs at either end of the module, not-

ing that you may vary the mass of 
XAD used for testing based on the an-
ticipated SVOC emission concentration 
and sample flow rate. 

(5) Include a condensate trap to sepa-
rate the aqueous liquid phase from the 
gas stream. We recommend using a per-
istaltic pump to remove water from the 
condensate trap over the course of the 
test to prevent build-up of the conden-
sate. Note that for some tests it may 
be appropriate to collect this water for 
analysis. 

(d) Sampler flow control. For testing 
using the recommended filter and sor-
bent module sizes, we recommend tar-
geting an average sample flow rate of 
70 liters per minute to maximize SVOC 
collection. The sampler must be de-
signed to maintain proportional sam-
pling throughout the test. Verify pro-
portional sampling after an emission 
test as described in § 1065.545. 

(e) Water bath. Design the sample sys-
tem with a water bath in which the 
cooling coil, sorbent module, and con-
densate trap will be submerged. Use a 
heat exchanger or ice to maintain the 
bath temperature at (3 to 7) °C. 

[79 FR 23820, Apr. 28, 2014, as amended at 81 
FR 74195, Oct. 25, 2016] 

§ 1065.1107 Sample media and sample 
system preparation; sample system 
assembly. 

This section describes the appro-
priate types of sample media and the 
cleaning procedure required to prepare 
the media and wetted sample surfaces 
for sampling. 

(a) Sample media. The sampling sys-
tem uses two types of sample media in 
series: The first to simultaneously cap-
ture the PM and associated particle 
phase SVOCs, and a second to capture 
SVOCs that remain in the gas phase, as 
follows: 

(1) For capturing PM, we recommend 
using pure quartz filters with no binder 
if you are not analyzing separately for 
SVOCs in gas and particle phases. If 
you are analyzing separately, you must 
use polytetrafluoroethylene (PTFE) fil-
ters with PTFE support. Select the fil-
ter diameter to minimize filter change 
intervals, accounting for the expected 
PM emission rate, sample flow rate. 
Note that when repeating test cycles to 
increase sample mass, you may replace 
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the filter without replacing the sorbent 
or otherwise disassembling the batch 
sampler. In those cases, include all fil-
ters in the extraction. 

(2) For capturing gaseous SVOCs, uti-
lize XAD–2 resin with or without PUF 
plugs. Note that two PUF plugs are 
typically used to contain the XAD–2 
resin in the sorbent module. 

(b) Sample media and sampler prepara-
tion. Prepare pre-cleaned PM filters 
and pre-cleaned PUF plugs/XAD–2 as 
needed. Store sample media in con-
tainers protected from light and ambi-
ent air if you do not use them imme-
diately after cleaning. Use the fol-
lowing preparation procedure, or an 
analogous procedure with different sol-
vents and extraction times: 

(1) Pre-clean the filters via Soxhlet 
extraction with methylene chloride for 
24 hours and dry over dry nitrogen in a 
low-temperature vacuum oven. 

(2) Pre-clean PUF and XAD–2 with a 
series of Soxhlet extractions: 8 hours 
with water, 22 hours with methanol, 22 
hours with methylene chloride, and 22 
hours with toluene, followed by drying 
with nitrogen. 

(3) Clean sampler components, in-
cluding the probe, filter holder, con-
denser, sorbent module, and condensate 
collection vessel by rinsing three times 
with methylene chloride and then 
three times with toluene. Prepare pre- 
cleaned aluminum foil for capping the 
probe inlet of the sampler after the 
sampling system has been assembled. 

(c) Sorbent spiking. Use good engineer-
ing judgment to verify the extent to 
which your extraction methods recover 
SVOCs absorbed on the sample media. 
We recommend spiking the XAD–2 
resin with a surrogate standard before 
testing with a carbon-13 or hydrogen-2 
isotopically labeled standard for each 
of the class of analytes targeted for 
analysis. Perform this spiking as fol-
lows: 

(1) Insert the lower PUF plug into 
the bottom of the sorbent module. 

(2) Add half of one portion of XAD–2 
resin to the module and spike the 
XAD–2 in the module with the stand-
ard. 

(3) Wait 1 hour for the solvent from 
the standard(s) to evaporate, add the 
remaining 20 g of the XAD–2 resin to 

the module, and then insert a PUF plug 
in the top of the sorbent module. 

(4) Cover the inlet and outlet of the 
sorbent module with pre-cleaned alu-
minum foil. 

(d) Sampling system assembly. After 
preparing the sample media and the 
sampler, assemble the condensate trap, 
cooling coil, filter holder with filter, 
sample probe, and sorbent module, 
then lower the assembly into the res-
ervoir. Cover the probe inlet with pre- 
cleaned aluminum foil. 

[79 FR 23820, Apr. 28, 2014, as amended at 81 
FR 74195, Oct. 25, 2016] 

§ 1065.1109 Post-test sampler dis-
assembly and sample extraction. 

This section describes the process for 
disassembling and rinsing the sampling 
system and extracting and cleaning up 
the sample. 

(a) Sampling system disassembly. Dis-
assemble the sampling system in a 
clean environment as follows after the 
test: 

(1) Remove the PM filter, PUF plugs, 
and all the XAD–2 from the sampling 
system and store them at or below 5 °C 
until analysis. 

(2) Rinse sampling system wetted 
surfaces upstream of the condensate 
trap with acetone followed by toluene 
(or a comparable solvent system), en-
suring that all the solvent remaining 
in liquid phase is collected (note that a 
fraction of the acetone and toluene will 
likely be lost to evaporation during 
mixing). Rinse with solvent volumes 
that are sufficient to cover all the sur-
faces exposed to the sample during 
testing. We recommend three fresh sol-
vent rinses with acetone and two with 
toluene. We recommend rinse volumes 
of 60 ml per rinse for all sampling sys-
tem components except the condenser 
coil, of which you should use 200 ml per 
rinse. Keep the acetone rinsate sepa-
rate from the toluene rinsate to the ex-
tent practicable. Rinsate fractions 
should be stored separately in glass 
bottles that have been pre-rinsed with 
acetone, hexane, and toluene (or pur-
chase pre-cleaned bottles). 

(3) Use good engineering judgment to 
determine if you should analyze the 
aqueous condensate phase for SVOCs. If 
you determine that analysis is nec-
essary, use toluene to perform a liquid- 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00289 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



280 

40 CFR Ch. I (7–1–18 Edition) § 1065.1109 

liquid extraction of the SVOCs from 
the collected aqueous condensate using 
a separatory funnel or an equivalent 
method. Add the toluene from this 
aqueous extraction to the toluene 
rinsate fraction described in paragraph 
(a)(2) of this section. 

(4) Reduce rinsate solvent volumes as 
needed using a Kuderna-Danish concen-
trator or rotary evaporator and retain 
these rinse solvents for reuse during 
sample media extraction for the same 
test. Be careful to avoid loss of low mo-
lecular weight analytes when concen-
trating with rotary evaporation. 

(b) Sample extraction. Extract the 
SVOCs from the sorbent using Soxhlet 
extraction as described in this para-
graph (b). Two 16 hour extractions are 
necessary to accommodate the Soxhlet 
extractions of all SVOCs from a single 
sample. This reduces the possibility of 
losing low molecular weight SVOCs 
and promotes water removal. We rec-
ommend performing the first extrac-
tion with acetone/hexane and the sec-
ond using toluene (or an equivalent sol-
vent system). You may alternatively 
use an equivalent method such as an 
automated solvent extractor. 

(1) We recommend equipping the 
Soxhlet extractor with a Dean-Stark 
trap to facilitate removal of residual 
water from the sampling system rinse. 
The Soxhlet apparatus must be large 
enough to allow extraction of the PUF, 
XAD–2, and filter in a single batch. In-
clude in the extractor setup a glass 
thimble with a coarse or extra coarse 
sintered glass bottom. Pre-clean the 
extractor using proper glass-cleaning 
procedures. We recommend that the 
Soxhlet apparatus be cleaned with a (4 
to 8) hour Soxhlet extraction with 
methylene chloride at a cycling rate of 
three cycles per hour. Discard the sol-
vent used for pre-cleaning (no analysis 
is necessary). 

(2) Load the extractor thimble before 
placing it in the extractor by first roll-
ing the PM filter around the inner cir-
cumference of the thimble, with the 
sampled side facing in. Push one PUF 
plug down into the bottom of the thim-
ble, add approximately half of the 
XAD–2, and then spike the XAD–2 in 
the thimble with the isotopically la-
beled extraction standards of known 
mass. Target the center of the XAD–2 

bed for delivering the extraction stand-
ard. We recommend using multiple 
isotopically labeled extraction stand-
ards that cover the range of target 
analytes. This generally means that 
you should use isotopically labeled 
standards at least for the lowest and 
highest molecular weight analytes for 
each category of compounds (such as 
PAHs and dioxins). These extraction 
standards monitor the efficiency of the 
extraction and are also used to deter-
mine analyte concentrations after 
analysis. Upon completion of spiking, 
add the remaining XAD–2 to the thim-
ble, insert the remaining PUF plug, 
and place the thimble into the extrac-
tor. Note that if you are collecting and 
analyzing for SVOCs in gas and par-
ticle phases, perform separate extrac-
tions for the filter and XAD–2. 

(3) For the initial extraction, com-
bine the concentrated acetone rinses 
(from the sampling system in para-
graph (a) of this section) with enough 
hexane to bring the solvent volume up 
to the target level of 700 ml. Assemble 
the extractor and turn on the heating 
controls and cooling water. Allow the 
sample to reflux for 16 hours with the 
rheostat adjusted to cycle the extrac-
tion at a rate of (3.0 ±0.5) cycles per 
hour. Drain the water from the Dean- 
Stark trap as it accumulates by open-
ing the stopcock on the trap. Set aside 
the water for analysis or discard it. In 
most cases, any water present will be 
removed within approximately 2 hours 
after starting the extraction. 

(4) After completing the initial ex-
traction, remove the solvent and con-
centrate it to (4.0 ±0.5) ml using a 
Kuderna-Danish concentrator that in-
cludes a condenser such as a three-ball 
Snyder column with venting dimples 
and a graduated collection tube. Hold 
the water bath temperature at (75 to 
80) °C. Using this concentrator will 
minimize evaporative loss of analytes 
with lower molecular weight. 

(i) Rinse the round bottom flask of 
the extractor with (60 to 100) ml of 
hexane and add the rinsate to this con-
centrated extract. 

(ii) Concentrate the mixture to (4 
±0.5) ml using a Kuderna-Danish con-
centrator or similar apparatus. 

(iii) Repeat the steps in paragraphs 
(b)(4)(i) and (ii) of this section three 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00290 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



281 

Environmental Protection Agency § 1065.1109 

times, or as necessary to remove all 
the residual solvent from the round 
bottom flask of the extractor, concen-
trating the final rinsate to (4 ±0.5) ml. 

(5) For the second extraction, com-
bine the toluene rinses (from the sam-
pling system in paragraph (a) of this 
section) with any additional toluene 
needed to bring the solvent volume up 
to the target level of 700 ml. As noted 
in paragraph (a) of this section, you 
may need to concentrate the rinsate 
before adding it to the extraction appa-
ratus if the rinsate solvent volume is 
too large. Allow the sample to reflux 
for 16 hours with the rheostat adjusted 
to cycle the extraction at a rate of (3.0 
±0.5) cycles per hour. Check the Dean- 
Stark trap for water during the first 2 
hours of the extraction (though little 
or no water should be present during 
this stage). 

(6) Upon completion of the second ex-
traction, remove the solvent and con-
centrate it to (4 ±0.5) ml as described in 
paragraph (b)(4) of this section. Using 
hexane from paragraph (b)(4) of this 
section as the rinse solvent effectively 
performs a solvent exchange of toluene 
with hexane. 

(7) Combine the concentrated extract 
from paragraph (b)(4) of this section 
with the concentrated extract from 
paragraph (b)(6) of this section. Divide 
the extract into a number of fractions 
based on the number of analyses you 
need to perform. Perform the separate 
sample clean-up described in paragraph 
(c) of this section as needed for each 
fraction. 

(c) Sample clean-up. This paragraph 
(c) describes how to perform sample 
cleaning to remove from the sample ex-
tract any solids and any SVOCs that 
will not be analyzed. This process, 
known as ‘‘sample clean-up’’, reduces 
the potential for interference or co- 
elution of peaks during analytical 
analysis. Before performing the sample 
clean-up, spike the extract with an al-
ternate standard that contains a 
known mass of isotopically labeled 
compounds that are identical to the 
target analytes (except for the label-
ing). The category of the target 
analyte compounds (such as PAHs or 
dioxin) will determine the number of 
compounds that make up the standard. 
For example, PAHs require the use of 

four compounds in the alternate stand-
ard to cover the four basic ring struc-
tures of PAHs (2-ring, 3-ring, 4-ring, 
and 5-ring structures). These alternate 
standards are used to monitor the effi-
ciency of the clean-up procedure. Be-
fore sample clean-up, concentrate the 
fractionated sample to about 2 ml with 
a Kuderna-Danish concentrator or ro-
tary evaporator, and then transfer the 
extract to an 8 ml test tube with 
hexane rinse. Concentrate it to a vol-
ume of about 1 ml using a Kuderna- 
Danish concentrator. Use good engi-
neering judgment to select an appro-
priate column chromatographic clean- 
up option for your target analytes. 
Note that these clean-up techniques 
generally remove compounds based on 
their polarity. The following proce-
dures are examples of clean-up tech-
niques for PAHs and nPAHs. 

(1) PAH clean-up. The following meth-
od is appropriate for clean-up of ex-
tracts intended for analysis of PAHs: 

(i) Pack a glass gravity column (250 
mm × 10 mm recommended) by insert-
ing a clean glass wool plug into the 
bottom of the column and add 10 g of 
activated silica gel in methylene chlo-
ride. Tap the column to settle the sili-
ca gel and then add a 1 cm layer of an-
hydrous sodium sulfate. Verify the vol-
ume of solvent required to completely 
elute all the PAHs and adjust the 
weight of the silica gel accordingly to 
account for variations among batches 
of silica gel that may affect the elution 
volume of the various PAHs. 

(ii) Elute the column with 40 ml of 
hexane. The rate for all elutions should 
be about 2 ml/min. You may increase 
the elution rate by using dry air or ni-
trogen to maintain the headspace 
slightly above atmospheric pressure. 
Discard the eluate just before exposing 
the sodium sulfate layer to the air or 
nitrogen and transfer the 1 ml sample 
extract onto the column using two ad-
ditional 2 ml rinses of hexane. Just be-
fore exposing the sodium sulfate layer 
to the air or nitrogen, begin elution of 
the column with 25 ml of hexane fol-
lowed by 25 ml of 40 volume % meth-
ylene chloride in hexane. Collect the 
entire eluate and concentrate it to 
about 5 ml using the Kuderna-Danish 
concentrator or a rotary evaporator. 
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Make sure not to evaporate all the sol-
vent from the extract during the con-
centration process. Transfer the eluate 
to a small sample vial using a hexane 
rinse and concentrate it to 100 μl using 
a stream of nitrogen without violently 
disturbing the solvent. Store the ex-
tracts in a refrigerator at or below 4 °C, 
and away from light. 

(2) nPAH clean up. The following pro-
cedure, adapted from ‘‘Determination 
and Comparison of Nitrated-Polycyclic 
Aromatic Hydrocarbons Measured in 
Air and Diesel Particulate Reference 
Materials’’ (Bamford, H.A., et al, Chem-
osphere, Vol. 50, Issue 5, pages 575–587), 
is an appropriate method to clean up 
extracts intended for analysis of 
nPAHs: 

(i) Condition an aminopropyl solid 
phase extraction (SPE) cartridge by 
eluting it with 20 ml of 20 volume % 
methylene chloride in hexane. Transfer 
the extract quantitatively to the SPE 
cartridge with at least two methylene 
chloride rinses. Elute the extract 
through the SPE cartridge by using 40 
ml of 20 volume % methylene chloride 
in hexane to minimize potential inter-
ference of polar constituents, and then 
reduce the extract to 0.5 ml in hexane 
and subject it to normal-phase liquid 
chromatography using a pre-prepared 
9.6 mm × 25 cm semi-preparative 
Chromegabond® amino/cyano column (5 
μm particle size) to isolate the nPAH 
fraction. The mobile phase is 20 volume 
% methylene chloride in hexane at a 
constant flow rate of 5 ml per minute. 
Back-flash the column with 60 ml of 
methylene chloride and then condition 
it with 200 ml of 20 volume % meth-
ylene chloride in hexane before each 
injection. Collect the effluent and con-
centrate it to about 2 ml using the 
Kuderna-Danish concentrator or a ro-
tary evaporator. Transfer it to a 
minivial using a hexane rinse and con-
centrate it to 100 μl using a gentle 
stream of nitrogen. Store the extracts 
at or below 4 °C, and away from light. 

(ii) [Reserved] 

[79 FR 23820, Apr. 28, 2014, as amended at 81 
FR 74195, Oct. 25, 2016] 

§ 1065.1111 Sample analysis. 
This subpart does not specify 

chromatographic or analytical meth-
ods to analyze extracts, because the ap-

propriateness of such methods is highly 
dependent on the nature of the target 
analytes. However, we recommend that 
you spike the extract with an injection 
standard that contains a known mass 
of an isotopically labeled compound 
that is identical to one of the target 
analytes (except for labeling). This in-
jection standard allows you to monitor 
the efficiency of the analytical process 
by verifying the volume of sample in-
jected for analysis. 

PART 1066—VEHICLE-TESTING 
PROCEDURES 

Subpart A—Applicability and General 
Provisions 

Sec. 
1066.1 Applicability. 
1066.2 Submitting information to EPA 

under this part. 
1066.5 Overview of this part 1066 and its re-

lationship to the standard-setting part. 
1066.10 Other procedures. 
1066.15 Overview of test procedures. 
1066.20 Units of measure and overview of 

calculations. 
1066.25 Recordkeeping. 

Subpart B—Equipment, Measurement In-
struments, Fuel, and Analytical Gas 
Specifications 

1066.101 Overview. 
1066.105 Ambient controls and vehicle cool-

ing fans. 
1066.110 Equipment specifications for emis-

sion sampling systems. 
1066.120 Measurement instruments. 
1066.125 Data updating, recording, and con-

trol. 
1066.130 Measurement instrument calibra-

tions and verifications. 
1066.135 Linearity verification. 
1066.140 Diluted exhaust flow calibration. 
1066.145 Test fuel, engine fluids, analytical 

gases, and other calibration standards. 
1066.150 Analyzer interference and quench 

verification limit. 

Subpart C—Dynamometer Specifications 

1066.201 Dynamometer overview. 
1066.210 Dynamometers. 
1066.215 Summary of verification procedures 

for chassis dynamometers. 
1066.220 Linearity verification for chassis 

dynamometer systems. 
1066.225 Roll runout and diameter 

verification procedure. 
1066.230 Time verification procedure. 
1066.235 Speed verification procedure. 
1066.240 Torque transducer verification. 
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1066.245 Response time verification. 
1066.250 Base inertia verification. 
1066.255 Parasitic loss verification. 
1066.260 Parasitic friction compensation 

evaluation. 
1066.265 Acceleration and deceleration 

verification. 
1066.270 Unloaded coastdown verification. 
1066.275 Daily dynamometer readiness 

verification. 
1066.290 Verification of speed accuracy for 

the driver’s aid. 

Subpart D—Coastdown 

1066.301 Overview of road-load determina-
tion procedures. 

1066.305 Procedures for specifying road-load 
forces for motor vehicles at or below 
14,000 pounds GVWR. 

1066.310 Coastdown procedures for vehicles 
above 14,000 pounds GVWR. 

1066.315 Dynamometer road-load setting. 

Subpart E—Preparing Vehicles and 
Running an Exhaust Emission Test 

1066.401 Overview. 
1066.405 Vehicle preparation and precondi-

tioning. 
1066.410 Dynamometer test procedure. 
1066.415 Vehicle operation. 
1066.420 Test preparation. 
1066.425 Performing emission tests. 

Subpart F—Electric Vehicles and Hybrid 
Electric Vehicles 

1066.501 Overview. 

Subpart G—Calculations 

1066.601 Overview. 
1066.605 Mass-based and molar-based ex-

haust emission calculations. 
1066.610 Dilution air background correction. 
1066.615 NOX intake-air humidity correc-

tion. 
1066.625 Flow meter calibration calcula-

tions. 
1066.630 PDP, SSV, and CFV flow rate cal-

culations. 
1066.635 NMOG determination. 
1066.695 Data requirements. 

Subpart H—Cold Temperature Test 
Procedures 

1066.701 Applicability and general provi-
sions. 

1066.710 Cold temperature testing proce-
dures for measuring CO and NMHC emis-
sions and determining fuel economy. 

Subpart I—Exhaust Emission Test 
Procedures for Motor Vehicles 

1066.801 Applicability and general provi-
sions. 

1066.805 Road-load power, test weight, and 
inertia weight class determination. 

1066.810 Vehicle preparation. 
1066.815 Exhaust emission test procedures 

for FTP testing. 
1066.816 Vehicle preconditioning for FTP 

testing. 
1066.820 Composite calculations for FTP ex-

haust emissions. 
1066.830 Supplemental Federal Test Proce-

dures; overview. 
1066.831 Exhaust emission test procedures 

for aggressive driving. 
1066.835 Exhaust emission test procedure for 

SC03 emissions. 
1066.840 Highway fuel economy test proce-

dure. 
1066.845 AC17 air conditioning efficiency 

test procedure. 

Subpart J—Evaporative Emission Test 
Procedures 

1066.901 Applicability and general provi-
sions. 

Test Equipment and Calculations for Evapo-
rative and Refueling Emissions 

1066.910 SHED enclosure specifications. 
1066.915 Enclosures; auxiliary systems and 

equipment. 
1066.920 Enclosure calibrations. 
1066.925 Enclosure calculations for evapo-

rative and refueling emissions. 
1066.930 Equipment for point-source meas-

urement of running losses. 
Evaporative and Refueling Emission Test 

Procedures for Motor Vehicles 
1066.950 Fuel temperature profile. 
1066.955 Diurnal emission test. 
1066.960 Running loss test. 
1066.965 Hot soak test. 
1066.970 Refueling test for liquid fuels. 
1066.971 Vehicle and canister precondi-

tioning for the refueling test. 
1066.975 Refueling test for LPG. 
1066.980 Fuel dispensing spitback procedure. 
1066.985 Fuel storage system leak test pro-

cedure. 

Subpart K—Definitions and Other 
Reference Material 

1066.1001 Definitions. 
1066.1005 Symbols, abbreviations, acronyms, 

and units of measure. 
1066.1010 Incorporation by reference. 

AUTHORITY: 42 U.S.C. 7401–7671q. 

SOURCE: 79 FR 23823, Apr. 28, 2014, unless 
otherwise noted. 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00293 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



284 

40 CFR Ch. I (7–1–18 Edition) § 1066.1 

Subpart A—Applicability and 
General Provisions 

§ 1066.1 Applicability. 
(a) This part describes the emission 

measurement procedures that apply to 
testing we require for the following ve-
hicles: 

(1) Model year 2014 and later heavy- 
duty highway vehicles we regulate 
under 40 CFR part 1037 that are not 
subject to chassis testing for exhaust 
emissions under 40 CFR part 86. 

(2) Model year 2022 and later motor 
vehicles (light-duty and heavy-duty) 
that are subject to chassis testing for 
exhaust emissions under 40 CFR part 
86, other than highway motorcycles. 
See 40 CFR part 86 for provisions de-
scribing how to implement this part 
1066. 

(b) The procedures of this part may 
apply to other types of vehicles, as de-
scribed in this part and in the stand-
ard-setting part. 

(c) The testing in this part 1066 is de-
signed for measuring exhaust, evapo-
rative, and refueling emissions. Proce-
dures for measuring evaporative and 
refueling emissions for motor vehicles 
are in some cases integral with exhaust 
measurement procedures as described 
in § 1066.801. Subpart J of this part de-
scribes provisions that are unique to 
evaporative and refueling emission 
measurements. Other subparts in this 
part are written with a primary focus 
on measurement of exhaust emissions. 

(d) The term ‘‘you’’ means anyone 
performing testing under this part 
other than EPA. 

(1) This part is addressed primarily 
to manufacturers of vehicles, but it ap-
plies equally to anyone who does test-
ing under this part for such manufac-
turers. 

(2) This part applies to any manufac-
turer or supplier of test equipment, in-
struments, supplies, or any other goods 
or services related to the procedures, 
requirements, recommendations, or op-
tions in this part. 

(e) Paragraph (a) of this section iden-
tifies the parts of the CFR that define 
emission standards and other require-
ments for particular types of vehicles. 
In this part, we refer to each of these 
other parts generically as the ‘‘stand-
ard-setting part.’’ For example, 40 CFR 

part 1037 is the standard-setting part 
for heavy-duty highway vehicles and 
parts 86 and 600 are the standard-set-
ting parts for light-duty vehicles. For 
vehicles subject to 40 CFR part 86, sub-
part S, treat subpart I and subpart J of 
this part as belonging to 40 CFR part 
86. This means that references to the 
standard-setting part include subpart I 
and subpart J of this part. 

(f) Unless we specify otherwise, the 
terms ‘‘procedures’’ and ‘‘test proce-
dures’’ in this part include all aspects 
of vehicle testing, including the equip-
ment specifications, calibrations, cal-
culations, and other protocols and pro-
cedural specifications needed to meas-
ure emissions. 

(g) For additional information re-
garding these test procedures, visit our 
Web site at www.epa.gov, and in par-
ticular http://www.epa.gov/nvfel/testing/ 
regulations.htm. 

§ 1066.2 Submitting information to 
EPA under this part. 

(a) You are responsible for state-
ments and information in your applica-
tions for certification, requests for ap-
proved procedures, selective enforce-
ment audits, laboratory audits, produc-
tion-line test reports, or any other 
statements you make to us related to 
this part 1066. If you provide state-
ments or information to someone for 
submission to EPA, you are responsible 
for these statements and information 
as if you had submitted them to EPA 
yourself. 

(b) In the standard-setting part and 
in 40 CFR 1068.101, we describe your ob-
ligation to report truthful and com-
plete information and the consequences 
of failing to meet this obligation. See 
also 18 U.S.C. 1001 and 42 U.S.C. 
7413(c)(2). This obligation applies 
whether you submit this information 
directly to EPA or through someone 
else. 

(c) We may void any certificates or 
approvals associated with a submission 
of information if we find that you in-
tentionally submitted false, incom-
plete, or misleading information. For 
example, if we find that you inten-
tionally submitted incomplete infor-
mation to mislead EPA when request-
ing approval to use alternate test pro-
cedures, we may void the certificates 
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for all engine families certified based 
on emission data collected using the 
alternate procedures. This would also 
apply if you ignore data from incom-
plete tests or from repeat tests with 
higher emission results. 

(d) We may require an authorized 
representative of your company to ap-
prove and sign the submission, and to 
certify that all the information sub-
mitted is accurate and complete. This 
includes everyone who submits infor-
mation, including manufacturers and 
others. 

(e) See 40 CFR 1068.10 for provisions 
related to confidential information. 
Note however that under 40 CFR 2.301, 
emission data are generally not eligi-
ble for confidential treatment. 

(f) Nothing in this part should be in-
terpreted to limit our ability under 
Clean Air Act section 208 (42 U.S.C. 
7542) to verify that vehicles conform to 
the regulations. 

§ 1066.5 Overview of this part 1066 and 
its relationship to the standard-set-
ting part. 

(a) This part specifies procedures 
that can apply generally to testing var-
ious categories of vehicles. See the 
standard-setting part for directions in 
applying specific provisions in this part 
for a particular type of vehicle. Before 
using this part’s procedures, read the 
standard-setting part to answer at 
least the following questions: 

(1) What drive schedules must I use 
for testing? 

(2) Should I warm up the test vehicle 
before measuring emissions, or do I 
need to measure cold-start emissions 
during a warm-up segment of the duty 
cycle? 

(3) Which exhaust constituents do I 
need to measure? Measure all exhaust 
constituents that are subject to emis-
sion standards, any other exhaust con-
stituents needed for calculating emis-
sion rates, and any additional exhaust 
constituents as specified in the stand-
ard-setting part. See 40 CFR 1065.5 re-
garding requests to omit measurement 
of N2O and CH4 for vehicles not subject 
to an N2O or CH4 emission standard. 

(4) Do any unique specifications 
apply for test fuels? 

(5) What maintenance steps may I 
take before or between tests on an 
emission-data vehicle? 

(6) Do any unique requirements apply 
to stabilizing emission levels on a new 
vehicle? 

(7) Do any unique requirements apply 
to test limits, such as ambient tem-
peratures or pressures? 

(8) What requirements apply for evap-
orative and refueling emissions? 

(9) Are there any emission standards 
specified at particular operating condi-
tions or ambient conditions? 

(10) Do any unique requirements 
apply for durability testing? 

(b) The testing specifications in the 
standard-setting part may differ from 
the specifications in this part. In cases 
where it is not possible to comply with 
both the standard-setting part and this 
part, you must comply with the speci-
fications in the standard-setting part. 
The standard-setting part may also 
allow you to deviate from the proce-
dures of this part for other reasons. 

(c) The following table shows how 
this part divides testing specifications 
into subparts: 

TABLE 1 OF § 1066.5—DESCRIPTION OF PART 
1066 SUBPARTS 

This subpart Describes these specifications or proce-
dures 

Subpart A ........... Applicability and general provisions. 
Subpart B ........... Equipment for testing. 
Subpart C ........... Dynamometer specifications. 
Subpart D ........... Coastdowns for testing. 
Subpart E ........... How to prepare your vehicle and run an 

emission test. 
Subpart F ............ How to test electric vehicles and hybrid 

electric vehicles. 
Subpart G ........... Test procedure calculations. 
Subpart H ........... Cold temperature testing. 
Subpart I ............. Exhaust emission test procedures for 

motor vehicles. 
Subpart J ............ Evaporative and refueling emission test 

procedures. 
Subpart K ........... Definitions and reference material. 

§ 1066.10 Other procedures. 

(a) Your testing. The procedures in 
this part apply for all testing you do to 
show compliance with emission stand-
ards, with certain exceptions noted in 
this section. In some other sections in 
this part, we allow you to use other 
procedures (such as less precise or less 
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accurate procedures) if they do not af-
fect your ability to show that your ve-
hicles comply with the applicable emis-
sion standards. This generally requires 
emission levels to be far enough below 
the applicable emission standards so 
that any errors caused by greater im-
precision or inaccuracy do not affect 
your ability to state unconditionally 
that the engines meet all applicable 
emission standards. 

(b) Our testing. These procedures gen-
erally apply for testing that we do to 
determine if your vehicles comply with 
applicable emission standards. We may 
perform other testing as allowed by the 
Act. 

(c) Exceptions. You may use proce-
dures other than those specified in this 
part as described in 40 CFR 1065.10(c). 
All the test procedures noted as excep-
tions to the specified procedures are 
considered generically as ‘‘other proce-
dures.’’ Note that the terms ‘‘special 
procedures’’ and ‘‘alternate proce-
dures’’ have specific meanings; ‘‘special 
procedures’’ are those allowed by 40 
CFR 1065.10(c)(2) and ‘‘alternate proce-
dures’’ are those allowed by 40 CFR 
1065.10(c)(7). If we require you to re-
quest approval to use other procedures 
under this paragraph (c), you may not 
use them until we approve your re-
quest. 

[79 FR 23823, Apr. 28, 2014, 80 FR 9120, Feb. 19, 
2015] 

§ 1066.15 Overview of test procedures. 

This section outlines the procedures 
to test vehicles that are subject to 
emission standards. 

(a) The standard-setting part de-
scribes the emission standards that 
apply. Evaporative and refueling emis-
sions are generally in the form of 
grams total hydrocarbon equivalent 
per test. We set exhaust emission 
standards in g/mile (or g/km), for the 
following constituents: 

(1) Total oxides of nitrogen, NOX. 
(2) Hydrocarbons, HC, which may be 

expressed in the following ways: 
(i) Total hydrocarbons, THC. 
(ii) Nonmethane hydrocarbons, 

NMHC, which results from subtracting 
methane, CH4, from THC. 

(iii) Total hydrocarbon-equivalent, 
THCE, which results from adjusting 

THC mathematically to be equivalent 
on a carbon-mass basis. 

(iv) Nonmethane hydrocarbon-equiv-
alent, NMHCE, which results from ad-
justing NMHC mathematically to be 
equivalent on a carbon-mass basis. 

(v) Nonmethane organic gases, 
NMOG, which are calculated either 
from fully or partially speciated meas-
urement of hydrocarbons including 
oxygenates, or by adjusting measured 
NMHC values based on fuel oxygenate 
properties. 

(3) Particulate matter, PM. 
(4) Carbon monoxide, CO. 
(5) Carbon dioxide, CO2. 
(6) Methane, CH4. 
(7) Nitrous oxide, N2O. 
(8) Formaldehyde, CH2O. 
(b) Note that some vehicles may not 

be subject to standards for all the ex-
haust emission constituents identified 
in paragraph (a) of this section. Note 
also that the standard-setting part 
may include standards for pollutants 
not listed in paragraph (a) of this sec-
tion. 

(c) The provisions of this part apply 
for chassis dynamometer testing where 
vehicle speed is controlled to follow a 
prescribed duty cycle while simulating 
vehicle driving through the 
dynamometer’s road-load settings. We 
generally set exhaust emission stand-
ards over test intervals and/or drive 
schedules, as follows: 

(1) Vehicle operation. Testing involves 
measuring emissions and miles trav-
elled while operating the vehicle on a 
chassis dynamometer. Refer to the 
definitions of ‘‘duty cycle’’ and ‘‘test 
interval’’ in § 1066.1001. Note that a sin-
gle drive schedule may have multiple 
test intervals and require weighting of 
results from multiple test intervals to 
calculate a composite distance-based 
emission value to compare to the 
standard. 

(2) Constituent determination. Deter-
mine the total mass of each exhaust 
constituent over a test interval by se-
lecting from the following methods: 

(i) Continuous sampling. In continuous 
sampling, measure the exhaust con-
stituent’s concentration continuously 
from raw or dilute exhaust. Multiply 
this concentration by the continuous 
(raw or dilute) flow rate at the emis-
sion sampling location to determine 
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the constituent’s flow rate. Sum the 
constituent’s flow rate continuously 
over the test interval. This sum is the 
total mass of the emitted constituent. 

(ii) Batch sampling. In batch sam-
pling, continuously extract and store a 
sample of raw or dilute exhaust for 
later measurement. Extract a sample 
proportional to the raw or dilute ex-
haust flow rate, as applicable. You may 
extract and store a proportional sam-
ple of exhaust in an appropriate con-
tainer, such as a bag, and then measure 
NOX, HC, CO, CO2, CH4, N2O, and CH2O 
concentrations in the container after 
the test interval. You may deposit PM 
from proportionally extracted exhaust 
onto an appropriate substrate, such as 
a filter. In this case, divide the PM by 
the amount of filtered exhaust to cal-
culate the PM concentration. Multiply 
batch sampled concentrations by the 
total (raw or dilute) flow from which it 
was extracted during the test interval. 
This product is the total mass of the 
emitted constituent. 

(iii) Combined sampling. You may use 
continuous and batch sampling simul-
taneously during a test interval, as fol-
lows: 

(A) You may use continuous sam-
pling for some constituents and batch 
sampling for others. 

(B) You may use continuous and 
batch sampling for a single con-
stituent, with one being a redundant 
measurement, subject to the provisions 
of 40 CFR 1065.201. 

(d) Refer to subpart G of this part 
and the standard-setting part for cal-
culations to determine g/mile emission 
rates. 

(e) You must use good engineering 
judgment for all aspects of testing 
under this part. While this part high-
lights several specific cases where good 
engineering judgment is especially rel-
evant, the requirement to use good en-
gineering judgment is not limited to 
those provisions where we specifically 
re-state this requirement. 

§ 1066.20 Units of measure and over-
view of calculations. 

(a) System of units. The procedures in 
this part follow both conventional 
English units and the International 
System of Units (SI), as detailed in 
NIST Special Publication 811, which we 

incorporate by reference in § 1066.1010. 
Except where specified, equations work 
with either system of units. Where the 
equations depend on the use of specific 
units, the regulation identifies the ap-
propriate units. 

(b) Units conversion. Use good engi-
neering judgment to convert units be-
tween measurement systems as needed. 
For example, if you measure vehicle 
speed as kilometers per hour and we 
specify a precision requirement in 
terms of miles per hour, convert your 
measured kilometer per hour value to 
miles per hour before comparing it to 
our specification. The following con-
ventions are used throughout this doc-
ument and should be used to convert 
units as applicable: 

(1) 1 hp = 33,000 ft · lbf/min = 550 ft · 
lbf/s = 0.7457 kW. 

(2) 1 lbf = 32.174 ft · lbm/s2 = 4.4482 N. 
(3) 1 inch = 25.4 mm. 
(4) 1 mile = 1609.344 m. 
(5) For ideal gases, 1 μmol/mol = 1 

ppm. 
(6) For ideal gases, 10 mmol/mol = 

1%. 
(c) Temperature. We generally des-

ignate temperatures in units of degrees 
Celsius ( °C) unless a calculation re-
quires an absolute temperature. In that 
case, we designate temperatures in 
units of Kelvin (K). For conversion pur-
poses throughout this part, 0 °C equals 
273.15 K. Unless specified otherwise, al-
ways use absolute temperature values 
for multiplying or dividing by tempera-
ture. 

(d) Absolute pressure. Measure abso-
lute pressure directly or calculate it as 
the sum of atmospheric pressure plus a 
differential pressure that is referenced 
to atmospheric pressure. Always use 
absolute pressure values for multi-
plying or dividing by pressure. 

(e) Rounding. The rounding provi-
sions of 40 CFR 1065.20 apply for cal-
culations in this part. This generally 
specifies that you round final values 
but not intermediate values. Use good 
engineering judgment to record the ap-
propriate number of significant digits 
for all measurements. 
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(f) Interpretation of ranges. Interpret a 
range as a tolerance unless we explic-
itly identify it as an accuracy, repeat-
ability, linearity, or noise specifica-
tion. See 40 CFR 1065.1001 for the defi-
nition of tolerance. In this part, we 
specify two types of ranges: 

(1) Whenever we specify a range by a 
single value and corresponding limit 
values above and below that value 
(such as X ±Y), target the associated 
control point to that single value (X). 
Examples of this type of range include 
‘‘±10% of maximum pressure’’, or ‘‘(30 
±10) kPa’’. In these examples, you 
would target the maximum pressure or 
30 kPa, respectively. 

(2) Whenever we specify a range by 
the interval between two values, you 
may target any associated control 
point to any value within that range. 
An example of this type of range is ‘‘(40 
to 50) kPa’’. 

(g) Scaling of specifications with respect 
to an applicable standard. Because this 
part 1066 applies to a wide range of ve-
hicles and emission standards, some of 
the specifications in this part are 
scaled with respect to a vehicle’s appli-
cable standard or weight. This ensures 
that the specification will be adequate 
to determine compliance, but not over-
ly burdensome by requiring unneces-
sarily high-precision equipment. Many 
of these specifications are given with 
respect to a ‘‘flow-weighted mean’’ 
that is expected at the standard or dur-
ing testing. Flow-weighted mean is the 
mean of a quantity after it is weighted 
proportional to a corresponding flow 
rate. For example, if a gas concentra-
tion is measured continuously from the 
raw exhaust of an engine, its flow- 
weighted mean concentration is the 
sum of the products of each recorded 
concentration times its respective ex-
haust flow rate, divided by the sum of 
the recorded flow rates. As another ex-
ample, the bag concentration from a 
CVS system is the same as the flow- 
weighted mean concentration, because 
the CVS system itself flow-weights the 
bag concentration. 

§ 1066.25 Recordkeeping. 
(a) The procedures in this part in-

clude various requirements to record 
data or other information. Refer to the 
standard-setting part and § 1066.695 re-

garding specific recordkeeping require-
ments. 

(b) You must promptly send us orga-
nized, written records in English if we 
ask for them. We may review them at 
any time. 

(c) We may waive specific reporting 
or recordkeeping requirements we de-
termine to be unnecessary for the pur-
poses of this part and the standard-set-
ting part. Note that while we will gen-
erally keep the records required by this 
part, we are not obligated to keep 
records we determine to be unneces-
sary for us to keep. For example, while 
we require you to keep records for in-
valid tests so we may verify that your 
invalidation was appropriate, it is not 
necessary for us to keep records for our 
own invalid tests. 

Subpart B—Equipment, Measure-
ment Instruments, Fuel, and 
Analytical Gas Specifications 

§ 1066.101 Overview. 

(a) This subpart addresses equipment 
related to emission testing, as well as 
test fuels and analytical gases. 

(b) The provisions of 40 CFR part 1065 
specify engine-based procedures for 
measuring emissions. Except as speci-
fied otherwise in this part, the provi-
sions of 40 CFR part 1065 apply for test-
ing required by this part as follows: 

(1) The provisions of 40 CFR part 1065, 
subpart B, describe equipment speci-
fications for exhaust dilution and sam-
pling systems; these specifications 
apply for testing under this part as de-
scribed in § 1066.110. 

(2) The provisions of 40 CFR part 1065, 
subpart C, describe specifications for 
measurement instruments; these speci-
fications apply for testing under this 
part as described in § 1066.120. 

(3) The provisions of 40 CFR part 1065, 
subpart D, describe specifications for 
measurement instrument calibrations 
and verifications; these specifications 
apply for testing under this part as de-
scribed in § 1066.130. 

(4) The provisions of 40 CFR part 1065, 
subpart H, describe specifications for 
fuels, engine fluids, and analytical 
gases; these specifications apply for 
testing under this part as described in 
§ 1066.145. 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00298 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



289 

Environmental Protection Agency § 1066.105 

(5) The provisions of 40 CFR part 1065, 
subpart I, describe specifications for 
testing with oxygenated fuels; these 
specifications apply for NMOG deter-
mination as described in § 1066.635. 

(c) The provisions of this subpart are 
intended to specify systems that can 
very accurately and precisely measure 
emissions from motor vehicles such as 
light-duty vehicles. To the extent that 
this level of accuracy or precision is 
not necessary for testing highway mo-
torcycles or nonroad vehicles, we may 
waive or modify the specifications and 
requirements of this part for testing 
these other vehicles, consistent with 
good engineering judgment. For exam-
ple, it may be appropriate to allow the 
use of a hydrokinetic dynamometer 
that is not able to meet all the per-
formance specifications described in 
this subpart. 

§ 1066.105 Ambient controls and vehi-
cle cooling fans. 

(a) Ambient conditions. Dynamometer 
testing under this part generally re-
quires that you maintain the test cell 
within a specified range of ambient 
temperature and humidity. Use good 
engineering judgment to maintain rel-
atively uniform temperatures through-
out the test cell before testing. You are 
generally not required to maintain uni-
form temperatures throughout the test 
cell while the vehicle is running due to 
the heat generated by the vehicle. 
Measured humidity values must rep-
resent the conditions to which the ve-
hicle is exposed, which includes intake 
air; other than the intake air, humid-
ity does not affect emissions, so humid-
ity need not be uniform throughout the 
test cell. 

(b) General requirements for cooling 
fans. Use good engineering judgment to 
select and configure fans to cool the 
test vehicle in a way that meets the 
specifications of paragraph (c) of this 
section and simulates in-use operation. 
If you demonstrate that the specified 
fan configuration is impractical for 
special vehicle designs, such as vehi-
cles with rear-mounted engines, or it 
does not provide adequate cooling to 
properly represent in-use operation, 
you may ask us to approve increasing 
fan capacity or using additional fans. 

(c) Allowable cooling fans for vehicles 
at or below 14,000 pounds GVWR. Cooling 
fan specifications for vehicles at or 
below 14,000 pounds GVWR depend on 
the test cycle. Paragraph (c)(1) of this 
section summarizes the cooling fan 
specifications for the different test cy-
cles; the detailed specifications are de-
scribed in paragraphs (c)(2) through (5) 
of this section. See § 1066.410 for in-
struction regarding how to use the fans 
during testing. 

(1) Cooling fan specifications for dif-
ferent test cycles are summarized as 
follows: 

(i) For the FTP test cycle, the allow-
able cooling fan configurations are de-
scribed in paragraphs (c)(2) and (3) of 
this section. 

(ii) For the HFET test cycle, the al-
lowable cooling fan configurations are 
described in paragraphs (c)(2) and (3) of 
this section. 

(iii) For the US06 test cycle, the al-
lowable cooling fan configurations are 
described in paragraphs (c)(2) and (4) of 
this section. 

(iv) For the LA–92 test cycle, the al-
lowable cooling fan configurations are 
described in paragraphs (c)(2) and (4) of 
this section. 

(v) For SC03 and AC17 test cycles, the 
allowable cooling fan configuration is 
described in paragraph (c)(5) of this 
section. 

(2) You may use a road-speed modu-
lated fan system meeting the specifica-
tions of this paragraph (c)(2) for any-
thing other than SC03 and AC17 test-
ing. Use a road-speed modulated fan 
that achieves a linear speed of cooling 
air at the blower outlet that is within 
±3.0 mi/hr (±1.3 m/s) of the cor-
responding roll speed when vehicle 
speeds are between 5 and 30 mi/hr, and 
within ±6.5 mi/hr (±2.9 m/s) of the cor-
responding roll speed at higher vehicle 
speeds; however you may limit the 
fan’s maximum linear speed to 70 mi/ 
hr. We recommend that the cooling fan 
have a minimum opening of 0.2 m2 and 
a minimum width of 0.8 m. 

(i) Verify the air flow velocity for fan 
speeds corresponding to vehicle speeds 
of 20 and 40 mi/hr using an instrument 
that has an accuracy of ±2% of the 
measured air flow speed. 

(ii) For fans with rectangular outlets, 
divide the fan outlet into sections as 
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shown in Figure 1 of this section. As il-
lustrated by the ‘‘ + ’’ in the following 
figure, measure flow from the center of 

each section; do not measure the flow 
from the center section. 

(iii) For fans with circular outlets, 
divide the fan outlet into 8 equal sec-
tions as shown in Figure 2 of this sec-
tion. As illustrated by the ‘‘ + ’’ in the 

following figure, measure flow on the 
radial centerline of each section, at a 
radius of two-thirds of the fan’s total 
radius. 

(iv) Verify that the uniformity of the 
fan’s axial flow is constant across the 
discharge area within a tolerance of 
±4.0 mi/hr of the vehicle’s speed at fan 
speeds corresponding to 20 mi/hr, and 
within ±8.0 mi/hr at fan speeds cor-
responding to 40 mi/hr. For example, at 
a vehicle speed of 20.2 mi/hr, axial flow 
at all locations denoted by the ‘‘+’’ 
across the discharge nozzle must be be-

tween 16.2 and 24.2 mi/hr. When meas-
uring the axial air flow velocity, use 
good engineering judgment to deter-
mine the distance from the nozzle out-
let at each point of the fan outlet grid. 
Use these values to calculate a mean 
air flow velocity across the discharge 
area at each speed setting. The instru-
ment used to verify the air velocity 
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must have an accuracy of ±2% of the 
measured air flow velocity. 

(v) Use a multi-axis flow meter or an-
other method to verify that the fan’s 
air flow perpendicular to the axial air 
flow is less than 15% of the axial air 
flow, consistent with good engineering 
judgment. Demonstrate this by com-
paring the perpendicular air flow veloc-
ity to the mean air flow velocities de-
termined in paragraph (c)(2)(iv) of this 
section at vehicle speeds of 20 and 40 
mi/hr. 

(3) You may use a fixed-speed fan 
with a maximum capacity up to 2.50 
m3/s for FTP and HFET testing. 

(4) You may use a fixed-speed fan 
with a maximum capacity up to 7.10 
m3/s for US06 and LA–92 testing. 

(5) For SC03 and AC17 testing, use a 
road-speed modulated fan with a min-
imum discharge area that is equal to or 
exceeds the vehicle’s frontal inlet area. 
We recommend using a fan with a dis-
charge area of 1.7 m2. 

(i) Air flow volumes must be propor-
tional to vehicle speed. Select a fan 
size that will produce a flow volume of 
approximately 45 m3/s at 60 mi/hr. If 
this fan is also the only source of test 
cell air circulation or if fan operational 
mechanics make the 0 mi/hr air flow 
requirement impractical, air flow of 2 
mi/hr or less at 0 mi/hr vehicle speed is 
allowed. 

(ii) Verify the uniformity of the fan’s 
axial flow as described in paragraph 
(c)(2)(iv) of this section, except that 
you must measure the axial air flow 
velocity 60 cm from the nozzle outlet 
at each point of the discharge area 
grid. 

(iii) Use a multi-axis flow meter or 
another method to verify that the fan’s 
air flow perpendicular to the axial air 
flow is less than 10% of the axial air 
flow, consistent with good engineering 
judgment. Demonstrate this by com-
paring the perpendicular air flow veloc-
ity to the mean air flow velocities de-
termined in paragraph (c)(2)(iv) of this 
section at vehicle speeds of 20 and 40 
mi/hr. 

(iv) In addition to the road-speed 
modulated fan, we may approve the use 
of one or more fixed-speed fans to pro-
vide proper cooling to represent in-use 
operation, but only up to a total of 2.50 
m3/s for all additional fans. 

(d) Allowable cooling fans for vehicles 
above 14,000 pounds GVWR. For all test-
ing, use a road-speed modulated fan 
system that achieves a linear speed of 
cooling air at the blower outlet that is 
within ±3.0 mi/hr (±1.3 m/s) of the cor-
responding roll speed when vehicle 
speeds are between 5 and 30 mi/hr, and 
within ±10 mi/hr (±4.5 m/s) of the cor-
responding roll speed at higher vehicle 
speeds. For vehicles above 19,500 
pounds GVWR, we recommend that the 
cooling fan have a minimum opening of 
2.75 m2, a minimum flow rate of 60 m3/ 
s at a fan speed of 50 mi/hr, and a min-
imum speed profile in the free stream 
flow, across the duct that is ±15% of 
the target flow rate. 

[79 FR 23823, Apr. 28, 2014, as amended at 81 
FR 74195, Oct. 25, 2016] 

§ 1066.110 Equipment specifications 
for emission sampling systems. 

(a) This section specifies equipment 
related to emission testing, other than 
measurement instruments. This equip-
ment includes dynamometers (de-
scribed further in subpart C of this 
part) and various emission-sampling 
hardware. 

(b) The following equipment speci-
fications apply for testing under this 
part: 

(1) Connect a vehicle’s exhaust sys-
tem to any dilution stage as follows: 

(i) Minimize lengths of laboratory ex-
haust tubing. You may use a total 
length of laboratory exhaust tubing up 
to 4 m without needing to heat or insu-
late the tubing. However, you may use 
a total length of laboratory exhaust 
tubing up to 10 m, or up to 15 m for 
samples not involving PM measure-
ment, if you insulate and/or heat the 
tubing to minimize the temperature 
difference between the exhaust gas and 
the whole tubing wall over the course 
of the emission test. The laboratory ex-
haust tubing starts at the end of the 
vehicle’s tailpipe and ends at the first 
sample point or the first dilution point. 
The laboratory exhaust tubing may in-
clude flexible sections, but we rec-
ommend that you limit the amount of 
flexible tubing to the extent prac-
ticable. For multiple-tailpipe configu-
rations where the tailpipes combine 
into a single flow path for emission 
sampling, the start of the laboratory 
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exhaust tubing may be taken at the 
last joint where the exhaust flow first 
becomes a single, combined flow. 

(ii) For vehicles above 14,000 pounds 
GVWR, you may shorten the tailpipe 
up to the outlet of the last 
aftertreatment device or silencer, 
whichever is furthest downstream. 

(iii) You may insulate or heat any 
laboratory exhaust tubing. 

(iv) Use laboratory exhaust tubing 
materials that are smooth-walled and 
not chemically reactive with exhaust 
constituents. (For purposes of this 
paragraph (b)(1), nominally smooth spi-
ral-style and accordion-style flexible 
tubing are considered to be smooth- 
walled.) For measurements involving 
PM, tubing materials must also be 
electrically conductive. Stainless steel 
is an acceptable material for any test-
ing. You may use short sections of non-
conductive flexible tubing to connect a 
PM sampling system to the vehicle’s 
tailpipe; use good engineering judg-
ment to limit the amount of non-
conductive surface area exposed to the 
vehicle’s exhaust. 

(v) We recommend that you use lab-
oratory exhaust tubing that has either 
a wall thickness of less than 2 mm or is 
air gap-insulated to minimize tempera-
ture differences between the wall and 
the exhaust. 

(vi) You must seal your system to 
the extent necessary to ensure that 
any remaining leaks do not affect your 
ability to demonstrate compliance 
with the applicable standards. We rec-
ommend that you seal all known leaks. 

(vii) Electrically ground the entire 
exhaust system, with the exception of 
nonconductive flexible tubing, as al-
lowed under paragraph (b)(1)(iv) of this 
section. 

(viii) For vehicles with multiple tail-
pipes, route the exhaust into a single 
flow. To ensure mixing of the multiple 
exhaust streams before emission sam-
pling, we recommend a minimum Rey-
nolds number, Re num;, of 4000 for the 
combined exhaust stream, where 
Re num; is based on the inside diame-
ter of the combined flow at the first 
sampling point. You may configure the 
exhaust system with turbulence gen-
erators, such as orifice plates or fins, 
to achieve good mixing; this may be 
necessary for good mixing if Re num; 

is less than 4000. Re num; is defined in 
40 CFR 1065.640. 

(2) Use equipment specifications in 40 
CFR 1065.140 through 40 CFR 1065.190, 
except as follows: 

(i) For PM background measurement, 
the following provisions apply instead 
of the analogous provisions in 40 CFR 
1065.140(b): 

(A) You need not measure PM back-
ground for every test. You may apply 
PM background correction for a single 
site or multiple sites using a moving- 
average background value as long as 
your background PM sample media 
(e.g., filters) were all made by the same 
manufacturer from the same material. 
Use good engineering judgment to de-
termine how many background samples 
make up the moving average and how 
frequently to update those values. For 
example, you might take one back-
ground sample per week and average 
that sample into previous background 
values, maintaining five observations 
for each calculated average value. 
Background sampling time should be 
representative of the duration of the 
test interval to which the background 
correction is applied. 

(B) You may sample background PM 
from the dilution tunnel at any time 
before or after an emission test using 
the same sampling system used during 
the emission test. For this background 
sampling, the dilution tunnel blower 
must be turned on, the vehicle must be 
disconnected from the laboratory ex-
haust tubing, and the laboratory ex-
haust tubing must be capped. You may 
run this PM blank test in combination 
with the dilute exhaust flow 
verification (propane check) in 40 CFR 
1065.341, as long as the exhaust tubing 
inlet to the CVS has a filter meeting 
the requirements of 40 CFR 
1065.140(b)(3). 

(C) The duration of your background 
sample may be different than that of 
the test cycle in which you are apply-
ing the background correction, con-
sistent with good engineering judg-
ment. 

(D) Your PM background correction 
may not exceed 5 μg or 5% of the net 
PM mass expected at the standard, 
whichever is greater. 

(ii) The provisions of 40 CFR 
1065.140(d)(2)(iv) do not apply. 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00302 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



293 

Environmental Protection Agency § 1066.110 

(iii) For PM samples, configure dilu-
tion systems using the following lim-
its: 

(A) Control the dilution air tempera-
ture as described in 40 CFR 
1065.140(e)(1), except that the tempera-
ture may be set to (15 to 52) °C. Use 
good engineering judgment to control 
PM sample temperature as required 
under 40 CFR 1065.140(e)(4). 

(B) Apply the provisions of this para-
graph (b)(2)(iii)(B) instead of 40 CFR 
1065.140(e)(2). Add dilution air to the 
raw exhaust such that the overall dilu-
tion factor of diluted exhaust to raw 
exhaust, as shown in Eq. 1066.610–2 or 
1066.610–3, is within the range of (7:1 to 
20:1). Compliance with this dilution 
factor range may be determined for an 
individual test interval or as a time- 
weighted average over the entire duty 
cycle as determined in Eq. 1066.610–4. 
The maximum dilution factor limit of 
20:1 does not apply for hybrid electric 
vehicles (HEVs), since the dilution fac-
tor is infinite when the engine is off; 
however we strongly recommend that 
you stay under the specified maximum 
dilution factor limit when the engine is 
running. For partial-flow sampling sys-
tems, determine dilution factor using 
Eq. 1066.610–3. To determine the overall 
dilution factor for PM samples uti-
lizing secondary dilution air, multiply 
the dilution factor from the CVS by 
the dilution ratio of secondary dilution 
air to primary diluted exhaust. 

(C) You may use a higher target fil-
ter face velocity as specified in 40 CFR 
1065.170(c)(1)(vi), up to 140 cm/s, if you 
need to increase filter loading for PM 
measurement. 

(iv) In addition to the allowances in 
40 CFR 1065.140(c)(6), you may heat the 
dilution air as described in paragraph 
(b)(2)(iii)(A) of this section to prevent 
or limit aqueous condensation. 

(v) If you choose to dilute the ex-
haust by using a remote mix tee, which 
dilutes the exhaust at the tailpipe, you 
may use the following provisions con-
sistent with good engineering judg-
ment, as long as they do not affect 
your ability to demonstrate compli-
ance with the applicable standards: 

(A) You may use smooth-walled flexi-
ble tubing (including accordion-style) 
in the dilution tunnel upstream of lo-
cations for flow measurement or gas-
eous emission measurement. 

(B) You may use smooth-walled elec-
trically conductive flexible tubing in 
the dilution tunnel upstream of the lo-
cation for PM emission measurements. 

(C) All inside surfaces upstream of 
emission sampling must be made of 300 
series stainless steel or polymer-based 
materials. 

(D) Use good engineering judgment to 
ensure that the materials you choose 
do not cause significant loss of PM 
from your sample. 

(vi) Paragraph (b)(1)(vi) of this sec-
tion applies instead of 40 CFR 
1065.145(b). 

(vii) Vehicles other than HEVs that 
apply technology involving engine 
shutdown during idle may apply the 
sampling provisions of § 1066.501(c). 

(c) The following table summarizes 
the requirements of paragraph (b)(2) of 
this section: 

TABLE 1 OF § 1066.110—SUMMARY OF EQUIPMENT SPECIFICATIONS FROM 40 CFR PART 1065, 
SUBPART B, THAT APPLY FOR CHASSIS TESTING 

40 CFR part 1065 
references Applicability for chassis testing under this part 

40 CFR 1065.140 .............................. Use all except as noted: 
40 CFR 1065.140(b) applies as described in this section. 
Use 40 CFR 1065.140(c)(6), with the additional allowance described in this section. 
Do not use 40 CFR 1065.140(d)(2)(iv). 
Use 40 CFR 1065.140(e)(1) as described in this section. 
Do not use 40 CFR 1065.140(e)(2). 

40 CFR 1065.145 .............................. Use all except 40 CFR 1065.145(b). 
40 CFR 1065.150 .............................. Use all. 
40 CFR 1065.170 .............................. Use all except as noted: 

Use 40 CFR 1065.170(c)(1)(vi) as described in this section. 
40 CFR 1065.190 .............................. Use all. 
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[79 FR 23823, Apr. 28, 2014, as amended at 81 
FR 74196, Oct. 25, 2016] 

§ 1066.120 Measurement instruments. 
The measurement instrument re-

quirements in 40 CFR part 1065, subpart 
C, apply with the following exceptions: 

(a) The provisions of § 1066.125 apply 
instead of 40 CFR 1065.202. 

(b) The provisions of 40 CFR 1065.210 
and 1065.295 do not apply. 

§ 1066.125 Data updating, recording, 
and control. 

This section specifies criteria that 
your test system must meet for updat-
ing and recording data. It also specifies 
criteria for controlling the systems re-
lated to driver demand, the dynamom-
eter, sampling equipment, and meas-
urement instruments. 

(a) Read and record values and cal-
culate mean values relative to a speci-
fied frequency as follows: 

(1) This paragraph (a)(1) applies 
where we specify a minimum command 
and control frequency that is greater 
than the minimum recording fre-
quency, such as for sample flow rates 
from a CVS that does not have a heat 
exchanger. For these measurements, 

the rate at which you read and inter-
pret the signal must be at least as fre-
quent as the minimum command and 
control frequency. You may record val-
ues at the same frequency, or you may 
record them as mean values, as long as 
the frequency of the mean values meets 
the minimum recording frequency. You 
must use all read values, either by re-
cording them or using them to cal-
culate mean values. For example, if 
your system reads and controls the 
sample flow rate at 10 Hz, you may 
record these values at 10 Hz, record 
them at 5 Hz by averaging pairs of con-
secutive points together, or record 
them at 1 Hz by averaging ten consecu-
tive points together. 

(2) For all other measured values cov-
ered by this section, you may record 
the values instantaneously or as mean 
values, consistent with good engineer-
ing judgment. 

(3) You may not use rolling averages 
of measured values where a given 
measured value is included in more 
than one recorded mean value. 

(b) Use data acquisition and control 
systems that can command, control, 
and record at the following minimum 
frequencies: 

TABLE 1 OF § 1066.125—DATA RECORDING AND CONTROL MINIMUM FREQUENCIES 

Applicable section Measured values 
Minimum com-
mand and con-
trol frequency a 

Minimum recording fre-
quency b, c 

§ 1066.310 ...............
§ 1066.315 

Vehicle speed ............................................................ .......................... 10 Hz. 

§ 1066.425 ............... Continuous concentrations of raw or dilute ana-
lyzers.

.......................... 1 Hz. 

§ 1066.425 ...............
§ 1066.501 

Power analyzer .......................................................... .......................... 1 Hz. 

§ 1066.425 ............... Bag concentrations of raw or dilute analyzers .......... .......................... 1 mean value per test interval. 
40 CFR 1065.545 ....
§ 1066.425 

Diluted exhaust flow rate from a CVS with a heat 
exchanger upstream of the flow measurement.

.......................... 1 Hz. 

40 CFR 1065.545 ....
§ 1066.425 

Diluted exhaust flow rate from a CVS without a heat 
exchanger upstream of the flow measurement.

5 Hz ................. 1 Hz means. 

40 CFR 1065.545 ....
§ 1066.425 

Dilution air flow if actively controlled (for example, a 
partial-flow PM sampling system) d.

5 Hz ................. 1 Hz means. 

40 CFR 1065.545 ....
§ 1066.425 

Sample flow from a CVS that has a heat exchanger 1 Hz ................. 1 Hz. 

40 CFR 1065.545 ....
§ 1066.425 

Sample flow from a CVS that does not have a heat 
exchanger.

5 Hz ................. 1 Hz means. 

§ 1066.420 ............... Ambient temperature ................................................. .......................... 1 Hz.e 
§ 1066.420 ............... Ambient humidity ....................................................... .......................... 1 Hz.e 
§ 1066.420 ............... Heated sample system temperatures, including PM 

filter face.
.......................... 1 Hz. 

a CFVs that are not using active control are exempt from meeting this requirement due to their operating principle. 
b 1 Hz means are data reported from the instrument at a higher frequency, but recorded as a series of 1 s mean values at a 

rate of 1 Hz. 
c For CFVs in a CVS, the minimum recording frequency is 1 Hz. For CFVs used to control sampling from a CFV CVS, the min-

imum recording frequency is not applicable. 
d This is not applicable to CVS dilution air. 
e Unless specified elsewhere in this part or the standard-setting part. Note that this provision does not apply to soak periods 

where recording frequencies are not specified. For these instances, we recommend a recording frequency of ≥0.016 Hz. 
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[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9120, Feb. 19, 2015] 

§ 1066.130 Measurement instrument 
calibrations and verifications. 

The measurement instrument cali-
bration and verification requirements 
in 40 CFR part 1065, subpart D, apply 
with the following exceptions: 

(a) The calibration and verification 
provisions of 40 CFR 1065.303 do not 
apply for engine speed, torque, fuel 
rate, or intake air flow. 

(b) The linearity verification provi-
sions of 40 CFR 1065.307 do not apply for 
engine speed, torque, fuel rate, or in-
take air flow. Section 1066.135 specifies 
additional linearity verification provi-
sions that apply specifically for chassis 
testing. 

(c) The provisions of § 1066.220 apply 
instead 40 CFR 1065.310. 

(d) The provisions of 40 CFR 1065.320, 
1065.325, and 1065.395 do not apply. 

(e) If you are measuring flow 
volumetrically (rather than measuring 
based on molar values), the provisions 
of § 1066.140 apply instead of 40 CFR 
1065.340. 

(f) The provisions of § 1066.150 apply 
instead 40 CFR 1065.350(c), 1065.355(c), 
1065.370(c), and 1065.375(c). 

(g) Table 1 of this section summarizes 
the required and recommended calibra-
tions and verifications that are unique 
to testing under this part and indicates 
when these must be performed. Per-
form other required or recommended 
calibrations and verifications as de-
scribed in 40 CFR 1065.303, with the ex-
ceptions noted in this section. Table 1 
follows: 

TABLE 1 OF § 1066.130—SUMMARY OF REQUIRED CALIBRATIONS AND VERIFICATIONS 

Type of calibration or 
verification Minimum frequency a 

40 CFR 1065.307: Linearity 
verification.

The linearity verifications from 40 CFR part 1065 do not apply under this part for engine 
speed, torque, fuel rate, or intake air flow; the linearity verification described in § 1066.135 
applies for the following measurements: 

Dynamometer speed: See § 1066.220. 
Dynamometer torque: See § 1066.220. 

40 CFR 1065.310: Torque ....... This calibration does not apply for testing under this part; see § 1066.220. 
40 CFR 1065.320: Fuel flow .... This calibration does not apply for testing under this part. 
40 CFR 1065.325: Intake flow This calibration does not apply for testing under this part. 
40 CFR 1065.340: CVS calibra-

tion.
This calibration does not apply for CVS flow meters calibrated volumetrically as described in 

§ 1066.140. 
40 CFR 1065.345: Vacuum 

leak.
Required upon initial installation of the sampling system; recommended within 35 days before 

the start of an emissions test and after maintenance such as pre-filter changes. 
40 CFR 1065.350(c), 

1065.355(c), 1065.370(c), 
and 1065.375(c).

These provisions do not apply for testing under this part; see § 1066.150. 

40 CFR 1065.395: Inertial PM 
balance and weighing.

These verifications do not apply for testing under this part. 

a Perform calibrations and verifications more frequently if needed to conform to the measurement system manufacturer’s in-
structions and good engineering judgment. 

§ 1066.135 Linearity verification. 

This section describes requirements 
for linearity verification that are 
unique to testing under this part. 
(Note: See the definition of ‘‘linearity’’ 
in 40 CFR 1065.1001, where we explain 
that linearity means the degree to 
which measured values agree with re-
spective reference values and that the 
term ‘‘linearity’’ is not used to refer to 
the shape of a measurement instru-
ment’s unprocessed response curve.) 
Perform other required or rec-
ommended calibrations and 
verifications as described in 40 CFR 

1065.307, with the exceptions noted in 
this section. 

(a) For gas analyzer linearity, use 
one of the following options: 

(1) Use instrument manufacturer rec-
ommendations and good engineering 
judgment to select at least ten ref-
erence values, yrefi, that cover the range 
of values that you expect during test-
ing (to prevent extrapolation beyond 
the verified range during emission test-
ing). We recommend selecting zero as 
one of your reference values. For each 
range calibrated, if the deviation from 
a least-squares best-fit straight line is 
2% or less of the value at each data 
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point, concentration values may be cal-
culated by use of a straight-line curve 
fit for that range. If the deviation ex-
ceeds 2% at any point, use the best-fit 
nonlinear equation that represents the 
data to within 2% of each test point to 
determine concentration. If you use a 
gas divider to blend calibration gases, 
verify that the calibration curve pro-
duced names a calibration gas within 
2% of its certified concentration. Per-
form this verification between 15 and 
50% of the full-scale analyzer range. 

(2) Use the linearity requirements of 
40 CFR 1065.307, except for CO2 meas-
urements used for determining fuel 
economy and GHG emissions for motor 
vehicles at or below 14,000 pounds 
GVWR. If you choose this linearity op-
tion, you must use the provisions of 40 
CFR 1065.672 to check for drift and 
make appropriate drift corrections. 

(b) For dilution air, diluted exhaust, 
and raw exhaust sample flow, use a ref-
erence flow meter with a blower or 
pump to simulate flow rates. Use a 
restrictor, diverter valve, variable- 
speed blower, or variable-speed pump 
to control the range of flow rates. Use 
the reference meter’s response for the 
reference values. 

(1) Reference flow meters. Because of 
the large range in flow requirements, 
we allow a variety of reference meters. 
For example, for diluted exhaust flow 
for a full-flow dilution system, we rec-
ommend a reference subsonic venturi 
flow meter with a restrictor valve and 
a blower to simulate flow rates. For di-
lution air, diluted exhaust for partial- 
flow dilution, and raw exhaust, we 
allow reference meters such as critical 
flow orifices, critical flow venturis, 
laminar flow elements, master mass 
flow standards, or Roots meters. Make 
sure the reference meter is calibrated 
and its calibration is NIST-traceable. 
If you use the difference of two flow 
measurements to determine a net flow 
rate, you may use one of the measure-
ments as a reference for the other. 

(2) Reference flow values. Because the 
reference flow is not absolutely con-
stant, sample and record values of Q̇refi 
for 30 seconds and use the arithmetic 
mean of the values, Q

Ô

ref, as the ref-
erence value. Refer to 40 CFR 1065.602 
for an example of calculating an arith-
metic mean. 

(3) Linearity criteria. The values meas-
ured during linearity verification for 
flow meters must meet the following 
criteria: | xmin(a1¥1) + a0 | ≤ 1% · Q̇max; a1 
= 0.98¥1.02; SEE = ≤ 2% · Q̇max; and r2 
≥0.990. 

(c) Perform linearity verifications for 
the following temperature measure-
ments instead of those specified at 40 
CFR 1065.307(e)(7): 

(1) Test cell ambient air. 
(2) Dilution air for PM sampling, in-

cluding CVS, double-dilution, and par-
tial-flow systems. 

(3) PM sample. 
(4) Chiller sample, for gaseous sam-

pling systems that use thermal chillers 
to dry samples, and that use chiller 
temperature to calculate dewpoint at 
the chiller outlet. For testing, if you 
choose to use the high alarm tempera-
ture setpoint for the chiller tempera-
ture as a constant value in determining 
the amount of water removed from the 
emission sample, you may verify the 
accuracy of the high alarm tempera-
ture setpoint using good engineering 
judgment without following the lin-
earity verification for chiller tempera-
ture. We recommend that you input a 
simulated reference temperature signal 
below the alarm setpoint, increase this 
signal until the high alarm trips, and 
verify that the alarm setpoint value is 
no less than 2 °C below the reference 
value at the trip point. 

(5) CVS flow meter inlet tempera-
ture. 

(d) Perform linearity verifications 
for the following pressure measure-
ments instead of those specified at 40 
CFR 1065.307(e)(8): 

(1) Raw exhaust static pressure con-
trol. 

(2) Barometric pressure. 
(3) CVS flow meter inlet pressure. 
(4) Sample dryer, for gaseous sam-

pling systems that use either osmotic- 
membrane dryers or thermal chillers to 
dry samples. For your testing, if you 
choose to use a low alarm pressure set-
point for the sample dryer pressure as 
a constant value in determining the 
amount of water removed from the 
emission sample, you may verify the 
accuracy of the low alarm pressure set-
point using good engineering judgment 
without following the linearity 
verification for sample dryer pressure. 
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We recommend that you input a ref-
erence pressure signal above the alarm 
setpoint, decrease this signal until the 
low alarm trips, and verify that the 
alarm setpoint value is no more than 4 
kPa above the reference value at the 
trip point. 

(e) When following procedures or 
practices that we incorporate by ref-
erence in § 1066.1010, you must meet the 
linearity requirements given by the 
procedure or practice for any analyt-
ical instruments not covered under 40 
CFR 1065.307, such as GC–FID or HPLC. 

[79 FR 23823, Apr. 28, 2014, as amended at 81 
FR 74197, Oct. 25, 2016] 

§ 1066.140 Diluted exhaust flow cali-
bration. 

(a) Overview. This section describes 
how to calibrate flow meters for di-
luted exhaust constant-volume sam-
pling (CVS) systems. We recommend 
that you also use this section to cali-
brate flow meters that use a subsonic 
venturi or ultrasonic flow to measure 
raw exhaust flow. You may follow the 
molar flow calibration procedures in 40 
CFR 1065.340 instead of the procedures 
in this section. 

(b) Scope and frequency. Perform this 
calibration while the flow meter is in-
stalled in its permanent position, ex-
cept as allowed in paragraph (c) of this 
section. Perform this calibration after 
you change any part of the flow con-
figuration upstream or downstream of 
the flow meter that may affect the 
flow-meter calibration. Perform this 
calibration upon initial CVS installa-
tion and whenever corrective action 
does not resolve a failure to meet the 
diluted exhaust flow verification (i.e., 
propane check) in 40 CFR 1065.341. 

(c) Ex-situ CFV and SSV calibration. 
You may remove a CFV or SSV from 
its permanent position for calibration 
as long as the flow meter meets the re-
quirements in 40 CFR 1065.340(c). 

(d) Reference flow meter. Calibrate 
each CVS flow meter using a reference 
flow meter such as a subsonic venturi 
flow meter, a long-radius ASME/NIST 
flow nozzle, a smooth approach orifice, 
a laminar flow element, or an ultra-
sonic flow meter. Use a reference flow 
meter that reports quantities that are 
NIST-traceable within ±1% uncer-
tainty. Use this reference flow meter’s 

response to flow as the reference value 
for CVS flow-meter calibration. 

(e) Configuration. Calibrate the sys-
tem with any upstream screens or 
other restrictions that will be used 
during testing and that could affect the 
flow ahead of the flow meter. You may 
not use any upstream screen or other 
restriction that could affect the flow 
ahead of the reference flow meter, un-
less the flow meter has been calibrated 
with such a restriction. 

(f) PDP calibration. Calibrate each 
positive-displacement pump (PDP) to 
determine a flow-versus-PDP speed 
equation that accounts for flow leak-
age across sealing surfaces in the PDP 
as a function of PDP inlet pressure. De-
termine unique equation coefficients 
for each speed at which you operate the 
PDP. Calibrate a PDP flow meter as 
follows: 

(1) Connect the system as shown in 
Figure 1 of this section. 

(2) Leaks between the calibration 
flow meter and the PDP must be less 
than 0.3% of the total flow at the low-
est calibrated flow point; for example, 
at the highest restriction and lowest 
PDP-speed point. 

(3) While the PDP operates, maintain 
a constant temperature at the PDP 
inlet within ±2% of the mean absolute 
inlet temperature, T̄in. 

(4) Set the PDP speed to the first 
speed point at which you intend to 
calibrate. 

(5) Set the variable restrictor to its 
wide-open position. 

(6) Operate the PDP for at least 3 min 
to stabilize the system. Continue oper-
ating the PDP and record the mean 
values of at least 30 seconds of sampled 
data of each of the following quan-
tities: 

(i) The mean flow rate of the ref-
erence flow meter,V

Ô

ref. This may in-
clude several measurements of dif-
ferent quantities, such as reference 
meter pressures and temperatures, for 
calculatingV

Ô

ref. 
(ii) The mean temperature at the 

PDP inlet, T̄in. 
(iii) The mean static absolute pres-

sure at the PDP inlet, P̄in. 
(iv) The mean static absolute pres-

sure at the PDP outlet, P̄out. 
(v) The mean PDP speed, f̄nPDP. 
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(7) Incrementally close the restrictor 
valve to decrease the absolute pressure 
at the inlet to the PDP, Pin. 

(8) Repeat the steps in paragraphs 
(f)(6) and (7) of this section to record 
data at a minimum of six restrictor po-
sitions ranging from the wide-open 
restrictor position to the minimum ex-
pected pressure at the PDP inlet or the 
maximum expected differential (outlet 
minus inlet) pressure across the PDP 
during testing. 

(9) Calibrate the PDP by using the 
collected data and the equations in 
§ 1066.625(a). 

(10) Repeat the steps in paragraphs 
(f)(6) through (9) of this section for 
each speed at which you operate the 
PDP. 

(11) Use the equations in § 1066.630(a) 
to determine the PDP flow equation for 
emission testing. 

(12) Verify the calibration by per-
forming a CVS verification (i.e., pro-
pane check) as described in 40 CFR 
1065.341. 

(13) During emission testing ensure 
that the PDP is not operated either 
below the lowest inlet pressure point or 
above the highest differential pressure 
point in the calibration data. 

(g) SSV calibration. Calibrate each 
subsonic venturi (SSV) to determine 
its discharge coefficient, Cd, for the ex-
pected range of inlet pressures. Cali-
brate an SSV flow meter as follows: 

(1) Configure your calibration system 
as shown in Figure 1 of this section. 

(2) Verify that any leaks between the 
calibration flow meter and the SSV are 
less than 0.3% of the total flow at the 
highest restriction. 

(3) Start the blower downstream of 
the SSV. 

(4) While the SSV operates, maintain 
a constant temperature at the SSV 
inlet within ±2% of the mean absolute 
inlet temperature, T̄in. 

(5) Set the variable restrictor or vari-
able-speed blower to a flow rate greater 
than the greatest flow rate expected 
during testing. You may not extrapo-
late flow rates beyond calibrated val-
ues, so we recommend that you make 
sure the Reynolds number, Re#, at the 
SSV throat at the greatest calibrated 
flow rate is greater than the maximum 
Re# expected during testing. 

(6) Operate the SSV for at least 3 min 
to stabilize the system. Continue oper-
ating the SSV and record the mean of 
at least 30 seconds of sampled data of 
each of the following quantities: 

(i) The mean flow rate of the ref-
erence flow meter,V

Ô

ref. This may in-
clude several measurements of dif-
ferent quantities for calculatingV

Ô

ref, 
such as reference meter pressures and 
temperatures. 

(ii) The mean temperature at the 
venturi inlet, T̄in. 

(iii) The mean static absolute pres-
sure at the venturi inlet, p̄in. 

(iv) Mean static differential pressure 
between the static pressure at the ven-
turi inlet and the static pressure at the 
venturi throat, Dp̄ssv. 

(7) Incrementally close the restrictor 
valve or decrease the blower speed to 
decrease the flow rate. 

(8) Repeat the steps in paragraphs 
(g)(6) and (7) of this section to record 
data at a minimum of ten flow rates. 

(9) Determine an equation to quan-
tify Cd as a function of Re# by using the 
collected data and the equations in 
§ 1066.625(b). Section 1066.625 also in-
cludes statistical criteria for vali-
dating the Cd versus Re# equation. 

(10) Verify the calibration by per-
forming a CVS verification (i.e., pro-
pane check) as described in 40 CFR 
1065.341 using the new Cd versus Re# 
equation. 

(11) Use the SSV only between the 
minimum and maximum calibrated 
Re#. If you want to use the SSV at a 
lower or higher Re#, you must recali-
brate the SSV. 

(12) Use the equations in § 1066.630(b) 
to determine SSV flow during a test. 

(h) CFV calibration. The calibration 
procedure described in this paragraph 
(h) establishes the value of the calibra-
tion coefficient, Kv, at measured values 
of pressure, temperature and air flow. 
Calibrate the CFV up to the highest ex-
pected pressure ratio, r, according to 
§ 1066.625. Calibrate the CFV as follows: 

(1) Configure your calibration system 
as shown in Figure 1 of this section. 

(2) Verify that any leaks between the 
calibration flow meter and the CFV are 
less than 0.3% of the total flow at the 
highest restriction. 

(3) Start the blower downstream of 
the CFV. 
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(4) While the CFV operates, maintain 
a constant temperature at the CFV 
inlet within ±2% of the mean absolute 
inlet temperature, T̄in. 

(5) Set the variable restrictor to its 
wide-open position. Instead of a vari-
able restrictor, you may alternately 
vary the pressure downstream of the 
CFV by varying blower speed or by in-
troducing a controlled leak. Note that 
some blowers have limitations on non-
loaded conditions. 

(6) Operate the CFV for at least 3 min 
to stabilize the system. Continue oper-
ating the CFV and record the mean 
values of at least 30 seconds of sampled 
data of each of the following quan-
tities: 

(i) The mean flow rate of the ref-
erence flow meter,V

Ô

ref. This may in-
clude several measurements of dif-
ferent quantities, such as reference 
meter pressures and temperatures, for 
calculatingV

Ô

ref. 
(ii) The mean temperature at the 

venturi inlet, T̄in. 
(iii) The mean static absolute pres-

sure at the venturi inlet, p̄in. 
(iv) The mean static differential pres-

sure between the CFV inlet and the 
CFV outlet, Dp̄CFV. 

(7) Incrementally close the restrictor 
valve or decrease the downstream pres-
sure to decrease the differential pres-
sure across the CFV, ΔpCFV. 

(8) Repeat the steps in paragraphs 
(h)(6) and (7) of this section to record 
mean data at a minimum of ten 
restrictor positions, such that you test 
the fullest practical range of Dp̄CFV ex-
pected during testing. We do not re-
quire that you remove calibration com-
ponents or CVS components to cali-
brate at the lowest possible restriction. 

(9) Determine Kv and the highest al-
lowable pressure ratio, r, according to 
§ 1066.625. 

(10) Use Kv to determine CFV flow 
during an emission test. Do not use the 
CFV above the highest allowed r, as de-
termined in § 1066.625. 

(11) Verify the calibration by per-
forming a CVS verification (i.e., pro-
pane check) as described in 40 CFR 
1065.341. 

(12) If your CVS is configured to oper-
ate multiple CFVs in parallel, calibrate 
your CVS using one of the following 
methods: 

(i) Calibrate every combination of 
CFVs according to this section and 
§ 1066.625(c). Refer to § 1066.630(c) for in-
structions on calculating flow rates for 
this option. 

(ii) Calibrate each CFV according to 
this section and § 1066.625. Refer to 
§ 1066.630 for instructions on calcu-
lating flow rates for this option. 

(i) Ultrasonic flow meter calibration. 
[Reserved] 
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[79 FR 23823, Apr. 28, 2014, as amended at 81 
FR 74197, Oct. 25, 2016] 

§ 1066.145 Test fuel, engine fluids, ana-
lytical gases, and other calibration 
standards. 

(a) Test fuel. Use test fuel as specified 
in the standard-setting part, or as spec-
ified in 40 CFR part 1065, subpart H, if 
it is not specified in the standard-set-
ting part. 

(b) Lubricating oil. Use lubricating oil 
as specified in 40 CFR 1065.740. For two- 
stroke engines that involve a specified 
mixture of fuel and lubricating oil, mix 
the lubricating oil with the fuel ac-
cording to the manufacturer’s speci-
fications. 

(c) Coolant. For liquid-cooled engines, 
use coolant as specified in 40 CFR 
1065.745. 

(d) Analytical gases. Use analytical 
gases that meet the requirements of 40 
CFR 1065.750. 

(e) Mass standards. Use mass stand-
ards that meet the requirements of 40 
CFR 1065.790. 

§ 1066.150 Analyzer interference and 
quench verification limit. 

Analyzers must meet the inter-
ference and quench verification limits 
in the following table on the lowest, or 
most representative, instrument range 
that will be used during emission test-
ing, instead of those specified in 40 
CFR part 1065, subpart D: 

TABLE 1 OF § 1066.150—ANALYZER INTER-
FERENCE AND QUENCH VERIFICATION LIMITS 

Verification Limit 

40 CFR 1065.350 ............ ±2% of full scale. 
40 CFR 1065.355 ............ ±2% of full scale. 
40 CFR 1065.370 ............ ±2% of full scale. 
40 CFR 1065.375 ............ ±2% of the flow-weighted mean 

concentration of N2O expected 
at the standard. 

Subpart C—Dynamometer 
Specifications 

§ 1066.201 Dynamometer overview. 
This subpart addresses chassis 

dynamometers and related equipment. 

§ 1066.210 Dynamometers. 
(a) General requirements. A chassis dy-

namometer typically uses electrically 
generated load forces combined with 

its rotational inertia to recreate the 
mechanical inertia and frictional 
forces that a vehicle exerts on road 
surfaces (known as ‘‘road load’’). Load 
forces are calculated using vehicle-spe-
cific coefficients and response charac-
teristics. The load forces are applied to 
the vehicle tires by rolls connected to 
motor/absorbers. The dynamometer 
uses a load cell to measure the forces 
the dynamometer rolls apply to the ve-
hicle’s tires. 

(b) Accuracy and precision. The 
dynamometer’s output values for road 
load must be NIST-traceable. We may 
determine traceability to a specific na-
tional or international standards orga-
nization to be sufficient to dem-
onstrate NIST-traceability. The force- 
measurement system must be capable 
of indicating force readings as follows: 

(1) For dynamometer testing of vehi-
cles at or below 20,000 pounds GVWR, 
the dynamometer force-measurement 
system must be capable of indicating 
force readings during a test to a resolu-
tion of ±0.05% of the maximum load- 
cell force simulated by the dynamom-
eter or ±9.8 N (±2.2 lbf), whichever is 
greater. 

(2) For dynamometer testing of vehi-
cles above 20,000 pounds GVWR, the 
force-measurement system must be ca-
pable of indicating force readings dur-
ing a test to a resolution of ±0.05% of 
the maximum load-cell force simulated 
by the dynamometer or ±39.2 N (±8.8 
lbf), whichever is greater. 

(c) Test cycles. The dynamometer 
must be capable of fully simulating ve-
hicle performance over applicable test 
cycles for the vehicles being tested as 
referenced in the corresponding stand-
ard-setting part, including operation at 
the combination of inertial and road- 
load forces corresponding to maximum 
road-load conditions and maximum 
simulated inertia at the highest accel-
eration rate experienced during test-
ing. 

(d) Component requirements. The fol-
lowing specifications apply: 

(1) The nominal roll diameter must 
be 120 cm or greater. The dynamometer 
must have an independent drive roll for 
each drive axle as tested under 
§ 1066.410(g), except that two drive axles 
may share a single drive roll. Use good 
engineering judgment to ensure that 
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the dynamometer roll diameter is large 
enough to provide sufficient tire-roll 
contact area to avoid tire overheating 
and power losses from tire-roll slip-
page. 

(2) Measure and record force and 
speed at 10 Hz or faster. You may con-

vert measured values to 1-Hz, 2-Hz, or 
5-Hz values before your calculations, 
using good engineering judgment. 

(3) The load applied by the dynamom-
eter simulates forces acting on the ve-
hicle during normal driving according 
to the following equation: 

Where: 
FR = total road-load force to be applied at 

the surface of the roll. The total force is 
the sum of the individual tractive forces 
applied at each roll surface. 

i = a counter to indicate a point in time over 
the driving schedule. For a dynamometer 
operating at 10 Hz intervals over a 600 
second driving schedule, the maximum 
value of i should be 6,000. 

A = a vehicle-specific constant value rep-
resenting the vehicle’s frictional load in 
lbf or newtons. See subpart D of this 
part. 

Gi = instantaneous road grade, in percent. If 
your duty cycle is not subject to road 
grade, set this value to 0. 

B = a vehicle-specific coefficient rep-
resenting load from drag and rolling re-
sistance, which are a function of vehicle 
speed, in lbf/(mi/hr) or N·s/m. See subpart 
D of this part. 

v = instantaneous linear speed at the roll 
surfaces as measured by the dynamom-
eter, in mi/hr or m/s. Let vi-1 = 0 for i = 0. 

C = a vehicle-specific coefficient rep-
resenting aerodynamic effects, which are 
a function of vehicle speed squared, in 
lbf/(mi/hr)2 or N·s2/m2. See subpart D of 
this part. 

Me = the vehicle’s effective mass in lbm or 
kg, including the effect of rotating axles 
as specified in § 1066.310(b)(7). 

t = elapsed time in the driving schedule as 
measured by the dynamometer, in sec-
onds. Let ti-1 = 0 for i = 0. 

M = the measured vehicle mass, in lbm or kg. 
ag = acceleration of Earth’s gravity, as de-

scribed in 40 CFR 1065.630. 

(4) We recommend that a dynamom-
eter capable of testing vehicles at or 
below 20,000 pounds GVWR be designed 
to apply an actual road-load force 

within ±1% or ±9.8 N (±2.2 lbf) of the ref-
erence value, whichever is greater. 
Note that slightly higher errors may be 
expected during highly transient oper-
ation for vehicles above 8,500 pounds 
GVWR. 

(e) Dynamometer manufacturer instruc-
tions. This part specifies that you fol-
low the dynamometer manufacturer’s 
recommended procedures for things 
such as calibrations and general oper-
ation. If you perform testing with a dy-
namometer that you manufactured or 
if you otherwise do not have these rec-
ommended procedures, use good engi-
neering judgment to establish the addi-
tional procedures and specifications we 
specify in this part, unless we specify 
otherwise. Keep records to describe 
these recommended procedures and 
how they are consistent with good en-
gineering judgment, including any 
quantified error estimates. 

[79 FR 23823, Apr. 28, 2014, as amended at 81 
FR 74198, Oct. 25, 2016] 

§ 1066.215 Summary of verification 
procedures for chassis 
dynamometers. 

(a) Overview. This section describes 
the overall process for verifying and 
calibrating the performance of chassis 
dynamometers. 

(b) Scope and frequency. The following 
table summarizes the required and rec-
ommended calibrations and 
verifications described in this subpart 
and indicates when they must occur: 
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TABLE 1 OF § 1066.215—SUMMARY OF REQUIRED DYNAMOMETER VERIFICATIONS 

Type of verification Minimum frequency a 

§ 1066.220: Linearity verification ................. Speed: Upon initial installation, within 370 days before testing, and after major 
maintenance. Torque (load): Upon initial installation and after major mainte-
nance. 

§ 1066.225: Roll runout and diameter 
verification.

Upon initial installation and after major maintenance. 

§ 1066.230: Time verification ...................... Upon initial installation and after major maintenance. 
§ 1066.235: Speed measurement 

verification.
Upon initial installation, within 370 days before testing, and after major mainte-

nance. 
§ 1066.240: Torque (load) transducer 

verification.
Upon initial installation, within 7 days of testing, and after major maintenance. 

§ 1066.245: Response time verification ...... Upon initial installation, within 370 days before testing, and after major mainte-
nance. 

§ 1066.250: Base inertia verification ........... Upon initial installation and after major maintenance. 
§ 1066.255: Parasitic loss verification ......... Upon initial installation, after major maintenance, and upon failure of a verification 

in § 1066.270 or § 1066.275. 
§ 1066.260: Parasitic friction compensation 

verification.
Upon initial installation, after major maintenance, and upon failure of a verification 

in § 1066.270 or § 1066.275. 
§ 1066.265: Acceleration and deceleration 

verification.
Upon initial installation and after major maintenance. 

§ 1066.270: Unloaded coastdown 
verification.

Upon initial installation, within 7 days of testing, and after major maintenance. 

§ 1066.275 Dynamometer readiness 
verification.

Upon initial installation, within 1 day before testing, and after major maintenance. 

a Perform calibrations and verifications more frequently, according to measurement system manufacturer instructions and good 
engineering judgment. 

(c) Automated dynamometer 
verifications and calibrations. In some 
cases, dynamometers are designed with 
internal diagnostic and control fea-
tures to accomplish the verifications 
and calibrations specified in this sub-
part. You may use these automated 
functions instead of following the pro-
cedures we specify in this subpart to 
demonstrate compliance with applica-
ble requirements, consistent with good 
engineering judgment. 

(d) Sequence of verifications and cali-
brations. Upon initial installation and 
after major maintenance, perform the 
verifications and calibrations in the 
same sequence as noted in Table 1 of 
this section, except that you may per-
form speed linearity verification after 
the verifications in §§ 1066.225 and 
1066.230. At other times, you may need 
to perform specific verifications or 
calibrations in a certain sequence, as 
noted in this subpart. If you perform 
major maintenance on a specific com-
ponent, you are required to perform 
verifications and calibrations only on 
components or parameters that are af-
fected by the maintenance. 

(e) Corrections. Unless the regulation 
directs otherwise, if the dynamometer 
fails to meet any specified calibration 
or verification, make any necessary ad-
justments or repairs such that the dy-

namometer meets the specification be-
fore running a test. Repairs required to 
meet specifications are generally con-
sidered major maintenance under this 
part. 

§ 1066.220 Linearity verification for 
chassis dynamometer systems. 

(a) Scope and frequency. Perform lin-
earity verification for dynamometer 
speed and torque at least as frequently 
as indicated in Table 1 of § 1066.215. The 
intent of linearity verification is to de-
termine that the system responds accu-
rately and proportionally over the 
measurement range of interest. Lin-
earity verification generally consists 
of introducing a series of at least 10 
reference values to a measurement sys-
tem. The measurement system quan-
tifies each reference value. The meas-
ured values are then collectively com-
pared to the reference values by using 
a least-squares linear regression and 
the linearity criteria specified in Table 
1 of this section. 

(b) Performance requirements. If a 
measurement system does not meet the 
applicable linearity criteria in Table 1 
of this section, correct the deficiency 
by re-calibrating, servicing, or replac-
ing components as needed. Repeat the 
linearity verification after correcting 
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the deficiency to ensure that the meas-
urement system meets the linearity 
criteria. Before you may use a meas-
urement system that does not meet 
linearity criteria, you must dem-
onstrate to us that the deficiency does 
not adversely affect your ability to 
demonstrate compliance with the ap-
plicable standards. 

(c) Procedure. Use the following lin-
earity verification protocol, or use 
good engineering judgment to develop 
a different protocol that satisfies the 
intent of this section, as described in 
paragraph (a) of this section: 

(1) In this paragraph (c), the letter 
‘‘y’’ denotes a generic measured quan-
tity, the superscript over-bar denotes 
an arithmetic mean (such as ȳ), and 
the subscript ‘‘ref’’ denotes the known 
or reference quantity being measured. 

(2) Operate the dynamometer system 
at the specified operating conditions. 
This may include any specified adjust-
ment or periodic calibration of the dy-
namometer system. 

(3) Set dynamometer speed and 
torque to zero. 

(4) Verify the dynamometer speed or 
torque signal based on the dynamom-
eter manufacturer’s recommendations. 

(5) After verification, check for zero 
speed and torque. Use good engineering 
judgment to determine whether or not 
to rezero or re-verify speed and torque 
before continuing. 

(6) For both speed and torque, use the 
dynamometer manufacturer’s rec-
ommendations and good engineering 
judgment to select reference values, 
yrefi, that cover a range of values that 
you expect would prevent extrapo-
lation beyond these values during 
emission testing. We recommend se-
lecting zero speed and zero torque as 

reference values for the linearity 
verification. 

(7) Use the dynamometer manufac-
turer’s recommendations and good en-
gineering judgment to select the order 
in which you will introduce the series 
of reference values. For example, you 
may select the reference values ran-
domly to avoid correlation with pre-
vious measurements and to avoid the 
influence of hysteresis; you may select 
reference values in ascending or de-
scending order to avoid long settling 
times of reference signals; or you may 
select values to ascend and then de-
scend to incorporate the effects of any 
instrument hysteresis into the lin-
earity verification. 

(8) Set the dynamometer to operate 
at a reference condition. 

(9) Allow time for the dynamometer 
to stabilize while it measures the ref-
erence values. 

(10) At a recording frequency of at 
least 1 Hz, measure speed and torque 
values for 30 seconds and record the 
arithmetic mean of the recorded val-
ues,. Refer to 40 CFR 1065.602 for an ex-
ample of calculating an arithmetic 
mean. 

(11) Repeat the steps in paragraphs 
(c)(8) though (10) of this section until 
you measure speeds and torques at 
each of the reference settings. 

(12) Use the arithmetic means, ȳi, and 
reference values, yrefi, to calculate 
least-squares linear regression param-
eters and statistical values to compare 
to the minimum performance criteria 
specified in Table 1 of this section. Use 
the calculations described in 40 CFR 
1065.602. Using good engineering judg-
ment, you may weight the results of 
individual data pairs (i.e., (yrefi,ȳi)), in 
the linear regression calculations. 
Table 1 follows: 

TABLE 1 OF § 1066.220—DYNAMOMETER MEASUREMENT SYSTEMS THAT REQUIRE LINEARITY 
VERIFICATIONS 

Measurement system Quantity 
Linearity criteria 

|ymin · (a1¥1) + a0 | a1 SEE r 2 

Speed ........................... ν ≤0.05% · νmax ............... 0.98–1.02 ≤2% · νmax .................... ≥0.990 
Torque (load) ................ T ≤1% · Tmax ................... 0.99–1.01 ≤1% · Tmax ................... ≥0.990 

(d) Reference signals. Generate ref-
erence values for the linearity- 

verification protocol in paragraph (c) 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00314 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



305 

Environmental Protection Agency § 1066.225 

of this section as described for speed 
and torque in 40 CFR 1065.307(d). 

§ 1066.225 Roll runout and diameter 
verification procedure. 

(a) Overview. This section describes 
the verification procedure for roll run-
out and roll diameter. Roll runout is a 
measure of the variation in roll radius 
around the circumference of the roll. 

(b) Scope and frequency. Perform 
these verifications upon initial instal-
lation and after major maintenance 
that could affect roll surface finish or 
dimensions (such as resurfacing or 
polishing). 

(c) Roll runout procedure. Verify roll 
runout based on the following proce-
dure, or an equivalent procedure based 
on good engineering judgment: 

(1) Perform this verification with 
laboratory and dynamometer tempera-
tures stable and at equilibrium. Re-
lease the roll brake and shut off power 
to the dynamometer. Remove any dirt, 
rubber, rust, and debris from the roll 
surface. Mark measurement locations 
on the roll surface using a marker. 
Mark the roll at a minimum of four 
equally spaced locations across the roll 
width; we recommend taking measure-
ments every 150 mm across the roll. Se-
cure the marker to the deck plate adja-
cent to the roll surface and slowly ro-
tate the roll to mark a clear line 
around the roll circumference. Repeat 
this process for all measurement loca-
tions. 

(2) Measure roll runout using an indi-
cator with a probe that allows for 
measuring the position of the roll sur-
face relative to the roll centerline as it 
turns through a complete revolution. 
The indicator must have some means 
of being securely mounted adjacent to 
the roll. The indicator must have suffi-
cient range to measure roll runout at 
all points, with a minimum accuracy of 
±0.025 mm. Calibrate the indicator ac-
cording to the instrument manufactur-
er’s instructions. 

(3) Position the indicator adjacent to 
the roll surface at the desired measure-
ment location. Position the shaft of 
the indicator perpendicular to the roll 
such that the point of the indicator is 
slightly touching the surface of the roll 
and can move freely through a full ro-
tation of the roll. Zero the indicator 

according to the instrument manufac-
turer’s instructions. Avoid distortion 
of the runout measurement from the 
weight of a person standing on or near 
the mounted dial indicator. 

(4) Slowly turn the roll through a 
complete rotation and record the max-
imum and minimum values from the 
indicator. Calculate runout as the dif-
ference between these maximum and 
minimum values. 

(5) Repeat the steps in paragraphs 
(c)(3) and (4) of this section for all 
measurement locations. 

(6) The roll runout must be less than 
0.254 mm (0.0100 inches) at all measure-
ment locations. 

(d) Diameter procedure. Verify roll di-
ameter based on the following proce-
dure, or an equivalent procedure based 
on good engineering judgment: 

(1) Prepare the laboratory and the 
dynamometer as specified in paragraph 
(c)(1) of this section. 

(2) Measure roll diameter using a Pi 
Tape®. Orient the Pi Tape® to the 
marker line at the desired measure-
ment location with the Pi Tape® hook 
pointed outward. Temporarily secure 
the Pi Tape® to the roll near the hook 
end with adhesive tape. Slowly turn 
the roll, wrapping the Pi Tape® around 
the roll surface. Ensure that the Pi 
Tape® is flat and adjacent to the mark-
er line around the full circumference of 
the roll. Attach a 2.26-kg weight to the 
hook of the Pi Tape® and position the 
roll so that the weight dangles freely. 
Remove the adhesive tape without dis-
turbing the orientation or alignment of 
the Pi Tape®. 

(3) Overlap the gage member and the 
vernier scale ends of the Pi Tape® to 
read the diameter measurement to the 
nearest 0.01 mm. Follow the manufac-
turer’s recommendation to correct the 
measurement to 20 °C, if applicable. 

(4) Repeat the steps in paragraphs 
(d)(2) and (3) of this section for all 
measurement locations. 

(5) The measured roll diameter must 
be within ±0.254 mm of the specified 
nominal value at all measurement lo-
cations. You may revise the nominal 
value to meet this specification, as 
long as you use the corrected nominal 
value for all calculations in this sub-
part. 
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§ 1066.230 Time verification procedure. 
(a) Overview. This section describes 

how to verify the accuracy of the 
dynamometer’s timing device. 

(b) Scope and frequency. Perform this 
verification upon initial installation 
and after major maintenance. 

(c) Procedure. Perform this 
verification using one of the following 
procedures: 

(1) WWV method. You may use the 
time and frequency signal broadcast by 
NIST from radio station WWV as the 
time standard if the trigger for the dy-
namometer timing circuit has a fre-
quency decoder circuit, as follows: 

(i) Contact station WWV by tele-
phone by dialing (303) 499–7111 and lis-
ten for the time announcement. Verify 
that the trigger started the dynamom-
eter timer. Use good engineering judg-
ment to minimize error in receiving 
the time and frequency signal. 

(ii) After at least 1000 seconds, re-dial 
station WWV and listen for the time 
announcement. Verify that the trigger 
stopped the dynamometer timer. 

(iii) Compare the measured elapsed 
time, yact, to the corresponding time 
standard, yref, to determine the time 
error, yerror, using the following equa-
tion: 

(2) Ramping method. You may use an 
operator-defined ramp function to 
serve as the time standard as follows: 

(i) Set up a signal generator to out-
put a marker voltage at the peak of 
each ramp to trigger the dynamometer 
timing circuit. Output the designated 
marker voltage to start the 
verification period. 

(ii) After at least 1000 seconds, output 
the designated marker voltage to end 
the verification period. 

(iii) Compare the measured elapsed 
time between marker signals, yact, to 
the corresponding time standard, yref, 
to determine the time error, yerror, using 
Eq. 1066.230–1. 

(3) Dynamometer coastdown method. 
You may use a signal generator to out-
put a known speed ramp signal to the 
dynamometer controller to serve as the 
time standard as follows: 

(i) Generate upper and lower speed 
values to trigger the start and stop 
functions of the coastdown timer cir-
cuit. Use the signal generator to start 
the verification period. 

(ii) After at least 1000 seconds, use 
the signal generator to end the 
verification period. 

(iii) Compare the measured elapsed 
time between trigger signals, yact, to 

the corresponding time standard, yref, 
to determine the time error, yerror, using 
Eq. 1066.230–1. 

(d) Performance evaluation. The time 
error determined in paragraph (c) of 
this section may not exceed ±0.001%. 

§ 1066.235 Speed verification proce-
dure. 

(a) Overview. This section describes 
how to verify the accuracy of the dyna-
mometer speed determination. When 
performing this verification, you must 
also ensure the dynamometer speed at 
any devices used to display or record 
vehicle speed (such as a driver’s aid) is 
representative of the speed input from 
the dynamometer speed determination. 

(b) Scope and frequency. Perform this 
verification upon initial installation, 
within 370 days before testing, and 
after major maintenance. 

(c) Procedure. Use one of the fol-
lowing procedures to verify the accu-
racy and resolution of the dynamom-
eter speed simulation: 

(1) Pulse method. Connect a universal 
frequency counter to the output of the 
dynamometer’s speed-sensing device in 
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parallel with the signal to the dyna-
mometer controller. The universal fre-
quency counter must be calibrated ac-
cording to the counter manufacturer’s 
instructions and be capable of meas-
uring with enough accuracy to perform 
the procedure as specified in this para-
graph (c)(1). Make sure the instrumen-
tation does not affect the signal to the 

dynamometer control circuits. Deter-
mine the speed error as follows: 

(i) Set the dynamometer to speed- 
control mode. Set the dynamometer 
speed to a value of approximately 4.5 
m/s (10 mi/hr); record the output of the 
frequency counter after 10 seconds. De-
termine the roll speed, vact, using the 
following equation: 

Where: 
f = frequency of the dynamometer speed 

sensing device, accurate to at least four 
significant figures. 

droll = nominal roll diameter, accurate to the 
nearest 1.0 mm, consistent with 
§ 1066.225(d). 

n = the number of pulses per revolution from 
the dynamometer roll speed sensor. 

Example:  
f = 2.9231 Hz = 2.9231 s¥1 
droll = 904.40 mm = 0.90440 m 

vact = 8.3053 m/s 

(ii) Repeat the steps in paragraph 
(c)(1)(i) of this section for the max-
imum speed expected during testing 
and at least two additional evenly 
spaced speed points between the start-

ing speed and the maximum speed 
point. 

(iii) Compare the calculated roll 
speed, vact, to each corresponding speed 
set point, vref, to determine values for 
speed error at each set point, verror, 
using the following equation: 

Example:  
vact = 8.3053 m/s 
vref = 8.3000 m/s 
verror = 8.3053 ¥ 8.3000 = 0.0053 m/s 

(2) Frequency method. Install a piece 
of tape in the shape of an arrowhead on 
the surface of the dynamometer roll 
near the outer edge. Put a reference 
mark on the deck plate in line with the 
tape. Install a stroboscope or photo ta-

chometer on the deck plate and direct 
the flash toward the tape on the roll. 
The stroboscope or photo tachometer 
must be calibrated according to the in-
strument manufacturer’s instructions 
and be capable of measuring with 
enough accuracy to perform the proce-
dure as specified in this paragraph 
(c)(2). Determine the speed error as fol-
lows: 
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(i) Set the dynamometer to speed- 
control mode. Set the dynamometer 
speed to a speed value of approxi-
mately 4.5 m/s (10 mi/hr). Tune the 
stroboscope or photo tachometer until 
the signal matches the dynamometer 
roll speed. Record the frequency. De-
termine the roll speed, yact, using Eq. 
1066.235–1, using the stroboscope or 
photo tachometer’s frequency for f. 

(ii) Repeat the steps in paragraph 
(c)(2)(i) of this section for the max-
imum speed expected during testing 
and at least two additional evenly 
spaced speed points between the start-
ing speed and the maximum speed 
point. 

(iii) Compare the calculated roll 
speed, vact, to each corresponding speed 
set point, vref, to determine values for 
speed error at each set point, yerror, 
using Eq. 1066.235–2. 

(d) Performance evaluation. The speed 
error determined in paragraph (c) of 
this section may not exceed ±0.02 m/s 
at any speed set point. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9120, Feb. 19, 2015; 81 FR 74199, Oct. 25, 
2016] 

§ 1066.240 Torque transducer 
verification. 

Verify torque-measurement systems 
by performing the verifications de-
scribed in §§ 1066.270 and 1066.275. 

§ 1066.245 Response time verification. 

(a) Overview. This section describes 
how to verify the dynamometer’s re-
sponse time to a step change in 
tractive force. 

(b) Scope and frequency. Perform this 
verification upon initial installation, 
within 370 days before testing (i.e., an-
nually), and after major maintenance. 

(c) Procedure. Use the dynamometer’s 
automated process to verify response 
time. You may perform this test either 
at two different inertia settings cor-
responding approximately to the min-
imum and maximum vehicle weights 
you expect to test or using base inertia 
and two acceleration rates that cover 
the range of acceleration rates experi-
enced during testing (such as 0.5 and 8 
(mi/hr)/s). Use good engineering judg-
ment to select road-load coefficients 
representing vehicles of the appro-
priate weight. Determine the 
dynamometer’s settling response time, 
ts, based on the point at which there 
are no measured results more than 10% 
above or below the final equilibrium 
value, as illustrated in Figure 1 of this 
section. The observed settling response 
time must be less than 100 milliseconds 
for each inertia setting. Figure 1 fol-
lows: 
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[79 FR 23823, Apr. 28, 2014, as amended at 81 
FR 74199, Oct. 25, 2016] 

§ 1066.250 Base inertia verification. 
(a) Overview. This section describes 

how to verify the dynamometer’s base 
inertia. 

(b) Scope and frequency. Perform this 
verification upon initial installation 
and after major maintenance, such as 
maintenance that could affect roll in-
ertia. 

(c) Procedure. Verify the base inertia 
using the following procedure: 

(1) Warm up the dynamometer ac-
cording to the dynamometer manufac-
turer’s instructions. Set the 
dynamometer’s road-load inertia to 
zero, turning off any electrical simula-
tion of road load and inertia so that 
the base inertia of the dynamometer is 
the only inertia present. Motor the 
rolls to 5 mi/hr. Apply a constant force 
to accelerate the roll at a nominal rate 
of 1 (mi/hr)/s. Measure the elapsed time 
to accelerate from 10 to 40 mi/hr, not-

ing the corresponding speed and time 
points to the nearest 0.01 mi/hr and 0.01 
s. Also determine mean force over the 
measurement interval. 

(2) Starting from a steady roll speed 
of 45 mi/hr, apply a constant force to 
the roll to decelerate the roll at a 
nominal rate of 1 mi/hr/s. Measure the 
elapsed time to decelerate from 40 to 10 
mi/hr, noting the corresponding speed 
and time points to the nearest 0.01 mi/ 
hr and 0.01 s. Also determine mean 
force over the measurement interval. 

(3) Repeat the steps in paragraphs 
(c)(1) and (2) of this section for a total 
of five sets of results at the nominal 
acceleration rate and the nominal de-
celeration rate. 

(4) Use good engineering judgment to 
select two additional acceleration and 
deceleration rate pairs that cover the 
middle and upper rates expected during 
testing. Repeat the steps in paragraphs 
(c)(1) through (3) of this section at each 
of these additional acceleration and de-
celeration rates. 
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(5) Determine the base inertia, Ib, for 
each measurement interval using the 
following equation: 

Where: 
F̄ = mean dynamometer force over the meas-

urement interval as measured by the dy-
namometer. 

vfinal = roll surface speed at the end of the 
measurement interval to the nearest 0.01 
mi/hr. 

vinit = roll surface speed at the start of the 
measurement interval to the nearest 0.01 
mi/hr. 

Dt = elapsed time during the measurement 
interval to the nearest 0.01 s. 

Example:  
F̄ = 1.500 lbf = 48.26 ft·lbm/s2 
vfinal = 40.00 mi/hr = 58.67 ft/s 
vinit = 10.00 mi/hr = 14.67 ft/s 
Dt = 30.00 s 

Ib = 32.90 lbm 
(6) Calculate the base inertia error, 

Iberror, for each of the thirty measured 

base inertia values, Ib, by comparing it 
to the manufacturer’s stated base iner-
tia, Ibref, using the following equation: 

Example: 

Ibref = 32.96 lbm 

Ibact = 32.90 lbm (from paragraph (c)(5) of this 
section) 
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(7) Determine the base inertia mean 
value ı̄b, from the ten acceleration and 
deceleration interval base inertia val-
ues for each of the three acceleration/ 
deceleration rates. Then determine the 
base inertia mean value, ı̄b, from the 
base inertia values corresponding to 
acceleration/deceleration rates. Cal-
culate base inertia mean values as de-
scribed in 40 CFR 1065.602(b) 

(8) Calculate the inertia error for the 
final base inertia mean value from 
paragraph (c)(7) of this section. Use Eq. 
1066.250–2, substituting the final base 
inertia mean value from paragraph 
(c)(7) of this section for the individual 
base inertia. 

(d) Performance evaluation. The dyna-
mometer must meet the following 
specifications to be used for testing 
under this part: 

(1) All base inertia errors determined 
under paragraph (c)(6) of this section 
may not exceed ±1.0%. 

(2) The inertia error for the final base 
inertia mean value determined under 
paragraph (c)(8) of this section may not 
exceed ±0.20%. 

[79 FR 23823, Apr. 28, 2014, as amended at 81 
FR 74199, Oct. 25, 2016] 

§ 1066.255 Parasitic loss verification. 
(a) Overview. Verify the 

dynamometer’s parasitic loss as de-
scribed in this section, and correct as 
necessary. This procedure determines 
the dynamometer’s internal losses that 
it must overcome to simulate road 
load. Characterize these losses in a 
parasitic loss curve that the dynamom-
eter uses to apply compensating forces 
to maintain the desired road-load force 
at the roll surface. 

(b) Scope and frequency. Perform this 
verification upon initial installation, 
after major maintenance, and upon 
failure of a verification in either 
§ 1066.270 or § 1066.275. 

(c) Procedure. Perform this 
verification by following the dyna-

mometer manufacturer’s specifications 
to establish a parasitic loss curve, tak-
ing data at fixed speed intervals to 
cover the range of vehicle speeds that 
will occur during testing. You may 
zero the load cell at a selected speed if 
that improves your ability to deter-
mine the parasitic loss. Parasitic loss 
forces may never be negative. Note 
that the torque transducers must be ze-
roed and spanned prior to performing 
this procedure. 

(d) Performance evaluation. Some 
dynamometers automatically update 
the parasitic loss curve for further 
testing. If this is not the case, compare 
the new parasitic loss curve to the 
original parasitic loss curve from the 
dynamometer manufacturer or the 
most recent parasitic loss curve you 
programmed into the dynamometer. 
You may reprogram the dynamometer 
to accept the new curve in all cases, 
and you must reprogram the dyna-
mometer if any point on the new curve 
departs from the earlier curve by more 
than ±9.0 N (±2.0 lbf) for dynamometers 
capable of testing vehicles at or below 
20,000 pounds GVWR, or ±36.0 N (±8.0 
lbf) for dynamometers not capable of 
testing vehicles at or below 20,000 
pounds GVWR. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9120, Feb. 19, 2015] 

§ 1066.260 Parasitic friction compensa-
tion evaluation. 

(a) Overview. This section describes 
how to verify the accuracy of the 
dynamometer’s friction compensation. 

(b) Scope and frequency. Perform this 
verification upon initial installation, 
after major maintenance, and upon 
failure of a verification in either 
§ 1066.270 or § 1066.275. Note that this 
procedure relies on proper verification 
of speed and torque, as described in 
§§ 1066.235 and 1066.240. You must also 
first verify the dynamometer’s para-
sitic loss curve as specified in § 1066.255. 
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(c) Procedure. Use the following pro-
cedure to verify the accuracy of the 
dynamometer’s friction compensation: 

(1) Warm up the dynamometer as 
specified by the dynamometer manu-
facturer. 

(2) Perform a torque verification as 
specified by the dynamometer manu-
facturer. For torque verifications rely-
ing on shunt procedures, if the results 
do not conform to specifications, re-
calibrate the dynamometer using 
NIST-traceable standards as appro-
priate until the dynamometer passes 
the torque verification. Do not change 
the dynamometer’s base inertia to pass 
the torque verification. 

(3) Set the dynamometer inertia to 
the base inertia with the road-load co-

efficients A, B, and C set to 0. Set the 
dynamometer to speed-control mode 
with a target speed of 50 mi/hr or a 
higher speed recommended by the dy-
namometer manufacturer. Once the 
speed stabilizes at the target speed, 
switch the dynamometer from speed- 
control to torque-control and allow the 
roll to coast for 60 seconds. Record the 
initial and final speeds and the cor-
responding start and stop times. If fric-
tion compensation is executed per-
fectly, there will be no change in speed 
during the measurement interval. 

(4) Calculate the power equivalent of 
friction compensation error, FCerror, 
using the following equation: 

Where: 

I = dynamometer inertia setting. 
t = duration of the measurement interval, ac-

curate to at least 0.01 s. 
vinit = the roll speed corresponding to the 

start of the measurement interval, accu-
rate to at least 0.05 mi/hr. 

vfinal = the roll speed corresponding to the end 
of the measurement interval, accurate to 
at least 0.05 mi/hr. 

Example:  
I = 2000 lbm = 62.16 lbf·s2/ft 
t = 60.0 s 
vinit = 9.2 mi/hr = 13.5 ft/s 
vfinal = 10.0 mi/hr = 14.7 ft/s 

FCerror = ¥16.5 ft·lbf/s = ¥0.031 hp 
(5) The friction compensation error 

may not exceed ±0.15 hp for 
dynamometers capable of testing vehi-
cles at or below 20,000 pounds GVWR, 
or ±0.6 hp for dynamometers not capa-
ble of testing vehicles at or below 20,000 
pounds GVWR. 

[79 FR 23823, Apr. 28, 2014, as amended at 81 
FR 74200, Oct. 25, 2016] 

§ 1066.265 Acceleration and decelera-
tion verification. 

(a) Overview. This section describes 
how to verify the dynamometer’s abil-
ity to achieve targeted acceleration 
and deceleration rates. Paragraph (c) of 
this section describes how this 
verification applies when the dyna-
mometer is programmed directly for a 
specific acceleration or deceleration 
rate. Paragraph (d) of this section de-
scribes how this verification applies 
when the dynamometer is programmed 
with a calculated force to achieve a 
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targeted acceleration or deceleration 
rate. 

(b) Scope and frequency. Perform this 
verification or an equivalent procedure 
upon initial installation and after 
major maintenance that could affect 
acceleration and deceleration accu-
racy. Note that this procedure relies on 
proper verification of speed as de-
scribed in § 1066.235. 

(c) Verification of acceleration and de-
celeration rates. Activate the 
dynamometer’s function generator for 
measuring roll revolution frequency. If 
the dynamometer has no such function 
generator, set up a properly calibrated 
external function generator consistent 

with the verification described in this 
paragraph (c). Use the function gener-
ator to determine actual acceleration 
and deceleration rates as the dyna-
mometer traverses speeds between 10 
and 40 mi/hr at various nominal accel-
eration and deceleration rates. Verify 
the dynamometer’s acceleration and 
deceleration rates as follows: 

(1) Set up start and stop frequencies 
specific to your dynamometer by iden-
tifying the roll-revolution frequency, f, 
in revolutions per second (or Hz) cor-
responding to 10 mi/hr and 40 mi/hr ve-
hicle speeds, accurate to at least four 
significant figures, using the following 
equation: 

Where: 

v = the target roll speed, in inches per second 
(corresponding to drive speeds of 10 mi/hr 
or 40 mi/hr). 

n = the number of pulses from the 
dynamometer’s roll-speed sensor per roll 
revolution. 

droll = roll diameter, in inches. 

(2) Program the dynamometer to ac-
celerate the roll at a nominal rate of 1 
mi/hr/s from 10 mi/hr to 40 mi/hr. Meas-
ure the elapsed time to reach the tar-
get speed, to the nearest 0.01 s. Repeat 
this measurement for a total of five 
runs. Determine the actual accelera-
tion rate for each run, aact, using the 
following equation: 

Where: 
aact = acceleration rate (decelerations have 

negative values). 
vfinal = the target value for the final roll 

speed. 
vinit = the setpoint value for the initial roll 

speed. 

t = time to accelerate from vinit to vfinal. 

Example:  
vfinal = 40 mi/hr 
vinit = 10 mi/hr 
t = 30.003 s 
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aact = 0.999 (mi/hr)/s 

(3) Program the dynamometer to de-
celerate the roll at a nominal rate of 1 
(mi/hr)/s from 40 mi/hr to 10 mi/hr. 
Measure the elapsed time to reach the 
target speed, to the nearest 0.01 s. Re-
peat this measurement for a total of 
five runs. Determine the actual accel-
eration rate, aact, using Eq. 1066.265–2. 

(4) Repeat the steps in paragraphs 
(c)(2) and (3) of this section for addi-

tional acceleration and deceleration 
rates in 1 (mi/hr)/s increments up to 
and including one increment above the 
maximum acceleration rate expected 
during testing. Average the five repeat 
runs to calculate a mean acceleration 
rate, aact, at each setting. 

(5) Compare each mean acceleration 
rate, aact, to the corresponding nominal 
acceleration rate, aref, to determine 
values for acceleration error, aerror, 
using the following equation: 

Example:  
aact = 0.999 (mi/hr)/s 

aref = 1 (mi/hr)/s 

aerror = ¥0.100% 

(d) Verification of forces for controlling 
acceleration and deceleration. Program 
the dynamometer with a calculated 
force value and determine actual accel-
eration and deceleration rates as the 
dynamometer traverses speeds between 

10 and 40 mi/hr at various nominal ac-
celeration and deceleration rates. 
Verify the dynamometer’s ability to 
achieve certain acceleration and decel-
eration rates with a given force as fol-
lows: 

(1) Calculate the force setting, F, 
using the following equation: 

Where: 

Ib = the dynamometer manufacturer’s stated 
base inertia, in lbf·s2/ft. 

a = nominal acceleration rate, in ft/s2. 

Example:  
Ib = 2967 lbm = 92.217 lbf·s2/ft 
a = 1 (mi/hr)/s = 1.4667 ft/s2 
F = 92.217 ¥ 1.4667 

F = 135.25 lbf 

(2) Set the dynamometer to road-load 
mode and program it with a calculated 
force to accelerate the roll at a nomi-
nal rate of 1 (mi/hr)/s from 10 mi/hr to 
40 mi/hr. Measure the elapsed time to 
reach the target speed, to the nearest 
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0.01 s. Repeat this measurement for a 
total of five runs. Determine the actual 
acceleration rate, aact, for each run 
using Eq. 1066.265–2. Repeat this step to 
determine measured ‘‘negative accel-
eration’’ rates using a calculated force 
to decelerate the roll at a nominal rate 
of 1 (mi/hr)/s from 40 mi/hr to 10 mi/hr. 
Average the five repeat runs to cal-
culate a mean acceleration rate, aact, at 
each setting. 

(3) Repeat the steps in paragraph 
(d)(2) of this section for additional ac-
celeration and deceleration rates as 
specified in paragraph (c)(4) of this sec-
tion. 

(4) Compare each mean acceleration 
rate, aact, to the corresponding nominal 
acceleration rate, aref, to determine val-
ues for acceleration error, aerror, using 
Eq. 1066.265–3. 

(e) Performance evaluation. The accel-
eration error from paragraphs (c)(5) 
and (d)(4) of this section may not ex-
ceed ±1.0%. 

[79 FR 23823, Apr. 28, 2014, as amended at 81 
FR 74200, Oct. 25, 2016] 

§ 1066.270 Unloaded coastdown 
verification. 

(a) Overview. Use force measurements 
to verify the dynamometer’s settings 
based on coastdown procedures. 

(b) Scope and frequency. Perform this 
verification upon initial installation, 
within 7 days of testing, and after 
major maintenance. 

(c) Procedure. This procedure verifies 
the dynamometer’s settings derived 

from coastdown testing. For 
dynamometers that have an automated 
process for this procedure, perform this 
evaluation by setting the initial speed, 
final speed, inertial coefficients, and 
road-load coefficients as required for 
each test, using good engineering judg-
ment to ensure that these values prop-
erly represent in-use operation. Use the 
following procedure if your dynamom-
eter does not perform this verification 
with an automated process: 

(1) Warm up the dynamometer as 
specified by the dynamometer manu-
facturer. 

(2) With the dynamometer in 
coastdown mode, set the dynamometer 
inertia for the smallest vehicle weight 
that you expect to test and set A, B, 
and C road-load coefficients to values 
typical of those used during testing. 
Program the dynamometer to coast 
down over the dynamometer oper-
ational speed range (typically from a 
speed of 80 mi/hr through a minimum 
speed at or below 10 mi/hr). Perform at 
least one coastdown run over this speed 
range, collecting data over each 10 mi/ 
hr interval. 

(3) Repeat the steps in paragraph 
(c)(2) of this section with the dyna-
mometer inertia and road-load coeffi-
cients set for the largest vehicle weight 
that you expect to test. 

(4) Determine the average coastdown 
force, F, for each speed and inertia set-
ting for each of the coastdowns per-
formed using the following equation: 

Where: 

F = the mean force measured during the 
coastdown for each speed interval and in-
ertia setting, expressed in lbf·s2/ft and 
rounded to four significant figures. 

I = the dynamometer’s inertia setting, in 
lbf·s2/ft. 

vinit = the speed at the start of the coastdown 
interval, expressed in ft/s to at least four 
significant figures. 

vfinal = the speed at the end of the coastdown 
interval, expressed in ft/s to at least four 
significant figures. 

t = coastdown time for each speed interval 
and inertia setting, accurate to at least 
0.01 s. 
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Example:  
I = 2000 lbm = 62.16 lbf·s2/ft 
vinit = 25 mi/hr = 36.66 ft/s 

vfinal = 15 mi/hr = 22.0 ft/s 
t = 5.00 s 

F = 182.2 lbf 
(5) Calculate the target value of 

coastdown force, Fref, based on the ap-
plicable dynamometer parameters for 
each speed interval and inertia setting. 

(6) Compare the mean value of the 
coastdown force measured for each 
speed interval and inertia setting, Fact, 
to the corresponding Fref to determine 
values for coastdown force error, Ferror, 
using the following equation: 

Example:  
Fref = 192 lbf 

Fact = 191 lbf 

Ferror = 0.5% 
(d) Performance evaluation. The 

coastdown force error determined in 
paragraph (c) of this section may not 
exceed the following: 

(1) For vehicles at or below 20,000 
pounds GVWR, the maximum allowable 
error, Ferrormax, for all speed intervals 
and inertia settings is 1.0% or the 
value determined from Eq. 1066.270–3, 
whichever is greater. 

Example:  
Fref = 192 lbf 
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Ferrormax = 1.14% 

(2) For vehicles above 20,000 pounds 
GVWR, the maximum allowable error, 
Ferrormax, for all speed intervals and iner-
tia settings is ±1.0% or ±39.2 N, which-
ever is greater. 

(e) Remedy for nonconforming 
dynamometers. If the dynamometer is 
not able to meet this requirement, di-
agnose and repair the dynamometer be-
fore continuing with emission testing. 
Diagnosis should include performing 
the verifications in § 1066.255 and 
§ 1066.260. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9120, Feb. 19, 2015; 81 FR 74201, Oct. 25, 
2016] 

§ 1066.275 Daily dynamometer readi-
ness verification. 

(a) Overview. This section describes 
how to verify that the dynamometer is 
ready for emission testing. 

(b) Scope and frequency. Perform this 
verification upon initial installation, 
within 1 day before testing, and after 
major maintenance. 

(c) Procedure. For dynamometers that 
have an automated process for this 
verification procedure, perform this 
evaluation by setting the initial speed 
and final speed and the inertial and 
road-load coefficients as required for 
the test, using good engineering judg-
ment to ensure that these values prop-
erly represent in-use operation. Use the 
following procedure if your dynamom-
eter does not perform this verification 
with an automated process: 

(1) With the dynamometer in 
coastdown mode, set the dynamometer 
inertia to the base inertia with the 
road-load coefficient A set to 20 lbf (or 
a force that results in a coastdown 
time of less than 10 minutes) and coef-
ficients B and C set to 0. Program the 
dynamometer to coast down for one 10 
mi/hr interval from 55 mi/hr down to 45 
mi/hr. If your dynamometer is not ca-
pable of performing one discrete 
coastdown, then coast down with pre-
set 10 mi/hr intervals that include a 55 
mi/hr to 45 mi/hr interval. 

(2) Perform the coastdown. 
(3) Determine the coastdown force 

and coastdown force error using Eqs. 
1066.270–1 and 1066.270–2. 

(d) Performance evaluation. The 
coastdown force error determined in 
paragraph (c) of this section may not 
exceed the following: 

(1) For vehicles at or below 20,000 
pounds GVWR, ±1.0% or ±9.8 N (±2.2 lbf), 
whichever is greater. 

(2) For vehicles above 20,000 pounds 
GVWR, ±1.0% or ±39.2 N (±8.8 lbf), 
whichever is greater. 

(e) Remedy for nonconforming 
dynamometers. If the verification re-
sults fail to meet the performance cri-
teria in paragraph (d) of this section, 
perform the procedure up to two addi-
tional times. If the dynamometer is 
consistently unable to meet the per-
formance criteria, diagnose and repair 
the dynamometer before continuing 
with emission testing. Diagnosis 
should include performing the 
verifications in § 1066.255 and § 1066.260. 

[79 FR 23823, Apr. 28, 2014, as amended at 81 
FR 74201, Oct. 25, 2016] 

§ 1066.290 Verification of speed accu-
racy for the driver’s aid. 

Use good engineering judgment to 
provide a driver’s aid that facilitates 
compliance with the requirements of 
§ 1066.425. Verify the speed accuracy of 
the driver’s aid as described in 
§ 1066.235. 

Subpart D—Coastdown 
§ 1066.301 Overview of road-load de-

termination procedures. 
Vehicle testing on a chassis dyna-

mometer involves simulating the road- 
load force, which is the sum of forces 
acting on a vehicle from aerodynamic 
drag, tire rolling resistance, driveline 
losses, and other effects of friction. De-
termine dynamometer settings to sim-
ulate road-load force in two stages. 
First, perform a road-load force speci-
fication by characterizing on-road op-
eration. Second, perform a road-load 
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derivation to determine the appro-
priate dynamometer load settings to 
simulate the road-load force specifica-
tion from the on-road test. 

(a) The procedures described in this 
subpart are used to determine the road- 
load target coefficients (A, B, and C) 
for the simulated road-load equation in 
§ 1066.210(d)(3). 

(b) The general procedure for deter-
mining road-load force is performing 
coastdown tests and calculating road- 
load coefficients. This procedure is de-
scribed in SAE J1263 and SAE J2263 (in-
corporated by reference in § 1066.1010). 
This subpart specifies certain devi-
ations from those procedures for cer-
tain applications. 

(c) Use good engineering judgment 
for all aspects of road-load determina-
tion. For example, minimize the effects 
of grade by performing coastdown test-
ing on reasonably level surfaces and de-
termining coefficients based on aver-
age values from vehicle operation in 
opposite directions over the course. 

[80 FR 9121, Feb. 19, 2015, as amended at 81 
FR 74201, Oct. 25, 2016] 

§ 1066.305 Procedures for specifying 
road-load forces for motor vehicles 
at or below 14,000 pounds GVWR. 

(a) For motor vehicles at or below 
14,000 pounds GVWR, develop rep-
resentative road-load coefficients to 
characterize each vehicle covered by a 
certificate of conformity. Calculate 
road-load coefficients by performing 
coastdown tests using the provisions of 
SAE J1263 and SAE J2263 (incorporated 
by reference in § 1066.1010). This pro-
tocol establishes a procedure for deter-
mination of vehicle road load force for 
speeds between 115 and 15 km/hr (71.5 
and 9.3 mi/hr); the final result is a 
model of road-load force (as a function 
of speed) during operation on a dry, 
level road under reference conditions of 
20 °C, 98.21 kPa, no wind, no precipita-
tion, and the transmission in neutral. 
You may use other methods that are 
equivalent to SAE J2263, such as equiv-
alent test procedures or analytical 
modeling, to characterize road load 
using good engineering judgment. De-
termine dynamometer settings to sim-
ulate the road-load profile represented 
by these road-load target coefficients 
as described in § 1066.315. Supply rep-

resentative road-load forces for each 
vehicle at speeds above 15 km/hr (9.3 
mi/hr), and up to 115 km/hr (71.5 mi/hr), 
or the highest speed from the range of 
applicable duty cycles. 

(b) For cold temperature testing de-
scribed in subpart H of this part, deter-
mine road-load target coefficients 
using one of the following methods: 

(1) You may perform coastdown tests 
or use other methods to characterize 
road load as described in paragraph (a) 
of this section based on vehicle oper-
ation at a nominal ambient tempera-
ture of ¥7 °C (20 °F). 

(2) You may multiply each of the 
road-load target coefficients deter-
mined using the procedures described 
in paragraph (a) of this section by 1.1 
to approximate a 10 percent decrease in 
coastdown time for the test vehicle. 

[80 FR 9121, Feb. 19, 2015, as amended at 81 
FR 74202, Oct. 25, 2016] 

§ 1066.310 Coastdown procedures for 
vehicles above 14,000 pounds 
GVWR. 

This section describes coastdown pro-
cedures that are unique to vehicles 
above 14,000 pounds GVWR. These pro-
cedures are valid for calculating road- 
load coefficients for chassis and post- 
transmission powerpack testing. These 
procedures are also valid for calcu-
lating drag area (CdA) to demonstrate 
compliance with Phase 1 greenhouse 
gas emission standards under 40 CFR 
part 1037. 

(a) Determine road-load coefficients 
by performing a minimum of 16 valid 
coastdown runs (8 in each direction). 

(b) Follow the provisions of Sections 
1 through 9 of SAE J1263 and SAE J2263 
(incorporated by reference in 
§ 1066.1010), except as described in this 
paragraph (b). The terms and variables 
identified in this paragraph (b) have 
the meaning given in SAE J1263 or 
J2263 unless specified otherwise. 

(1) The test condition specifications 
of SAE J1263 apply except as follows 
for wind and road conditions: 

(i) We recommend that you do not 
perform coastdown testing on days for 
which winds are forecast to exceed 6.0 
mi/hr. 

(ii) The grade of the test track or 
road must not be excessive (considering 
factors such as road safety standards 
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and effects on the coastdown results). 
Road conditions should follow Section 
7.4 of SAE J1263, except that road grade 
may exceed 0.5%. If road grade is great-
er than 0.02% over the length of the 
test surface, you must incorporate into 
the analysis road grade as a function of 
distance along the length of the test 
surface. Use Section 11.5 of SAE J2263 
to calculate the force due to grade. 

(2) Operate the vehicle at a top speed 
above 70 mi/hr, or at its maximum 
achievable speed if it cannot reach 70 
mi/hr. If a vehicle is equipped with a 
vehicle speed limiter that is set for a 
maximum speed below 70 mi/hr, you 
must disable the vehicle speed limiter. 
Start the test at or above 70 mi/hr, or 
at the vehicle’s maximum achievable 
speed if it cannot reach 70 mi/hr. Col-
lect data through a minimum speed at 
or below 15 mi/hr. Data analysis for 
valid coastdown runs must include the 
range of vehicle speeds specified in this 
paragraph (b)(2). 

(3) Gather data regarding wind speed 
and direction, in coordination with 
time-of-day data, using at least one 
stationary electro-mechanical ane-
mometer and suitable data loggers 
meeting the specifications of SAE 
J1263, as well as the following addi-
tional specifications for the anemom-
eter placed adjacent to the test sur-
face: 

(i) Calibrate the equipment by run-
ning the zero-wind and zero-angle cali-
brations within 24 hours before con-
ducting the coastdown procedures. If 
the coastdown procedures are not com-
plete 24 hours after calibrating the 
equipment, repeat the calibration for 
another 24 hours of data collection. 

(ii) Record the location of the ane-
mometer using a GPS measurement de-
vice adjacent to the test surface (ap-
proximately) at the midway distance 
along the test surface used for 
coastdowns. 

(iii) Position the anemometer such 
that it will be at least 2.5 but not more 
than 3.0 vehicle widths from the test 
vehicle’s centerline as the test vehicle 
passes the anemometer. 

(iv) Mount the anemometer at a 
height that is within 6 inches of half 
the test vehicle’s maximum height. 

(v) Place the anemometer at least 50 
feet from the nearest tree and at least 

25 feet from the nearest bush (or equiv-
alent roadside features). 

(vi) The height of the grass sur-
rounding the stationary anemometer 
may not exceed 10% of the 
anemometer’s mounted height, within 
a radius equal to the anemometer’s 
mounted height. 

(4) You may split runs as per Section 
9.3.1 of SAE J2263, but we recommend 
whole runs. If you split a run, analyze 
each portion separately, but count the 
split runs as one run with respect to 
the minimum number of runs required. 

(5) You may perform consecutive 
runs in a single direction, followed by 
consecutive runs in the opposite direc-
tion, consistent with good engineering 
judgment. Harmonize starting and 
stopping points to the extent prac-
ticable to allow runs to be paired. 

(6) All valid coastdown run times in 
each direction must be within 2.0 
standard deviations of the mean of the 
valid coastdown run times (from the 
specified maximum speed down to 15 
mi/hr) in that direction. Eliminate 
runs outside this range. After elimi-
nating these runs you must have at 
least eight valid runs in each direction. 
You may use coastdown run times that 
do not meet these standard deviation 
requirements if we approve it in ad-
vance. In your request, describe why 
the vehicle is not able to meet the 
specified standard deviation require-
ments and propose an alternative set of 
requirements. 

(7) Analyze data for chassis and post- 
transmission powerpack testing or for 
use in the GEM simulation tool as fol-
lows: 

(i) Follow the procedures specified in 
Section 10 of SAE J1263 or Section 11 of 
SAE J2263 to calculate coefficients for 
chassis and post-transmission 
powerpack testing. 

(ii) Determine drag area, CdA, as fol-
lows instead of using the procedure 
specified in Section 10 of SAE J1263: 

(A) Measure vehicle speed at fixed in-
tervals over the coastdown run (gen-
erally at 10 Hz), including speeds at or 
above 15 mi/hr and at or below the 
specified maximum speed. Establish 
the elevation corresponding to each in-
terval as described in SAE J2263 if you 
need to incorporate the effects of road 
grade. 
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(B) Calculate the vehicle’s effective 
mass, Me, in kg by adding 56.7 kg to the 
measured vehicle mass, M, for each tire 
making road contact. This accounts for 

the rotational inertia of the wheels and 
tires. 

(C) Calculate the road-load force for 
each measurement interval, Fi, using 
the following equation: 

Where: 
i = an interval counter, starting with i = 1 for 

the first interval. The designation (i-1) 
corresponds to the end of the previous in-
terval or, for the first interval, to the 
start of the test run. 

Me = the vehicle’s effective mass, expressed 
to at least the nearest 0.1 kg. 

v = vehicle speed at the beginning and end of 
the measurement interval. 

Dt = elapsed time over the measurement in-
terval, in seconds. 

(D) Plot the data from all the 
coastdown runs on a single plot of Fi 
vs. vi

2 to determine the slope correla-
tion, D, based on the following equa-
tion: 

Where: 
M = the measured vehicle mass, expressed to 

at least the nearest 0.1 kg. 
ag = acceleration of Earth’s gravity, as de-

scribed in 40 CFR 1065.630. 
Δh = change in elevation over the measure-

ment interval, in m. Assume Δh = 0 if you 
are not correcting for grade. 

Δs = distance the vehicle travels down the 
road during the measurement interval, in 
m. 

Am = the calculated value of the y-intercept 
based on the curve-fit. 

(E) Calculate drag area, CdA, in m2 
using the following equation: 

Where: ρ = air density at reference conditions = 1.17 
kg/m3. 
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T̄ = mean ambient absolute temperature dur-
ing testing, in K. 

P̄ = mean ambient pressuring during the 
test, in kPa. 

(8) Determine the A, B, and C coeffi-
cients identified in § 1066.210 as follows: 

(i) For chassis and post-transmission 
powerpack testing, follow the proce-
dures specified in Section 10 of SAE 
J1263 or Section 12 of SAE J2263. 

(ii) For the GEM simulation tool, use 
the following values: 

A = Am 
B = 0 
C = Dadj 

[79 FR 23823, Apr. 28, 2016, as amended at 81 
FR 74202, Oct. 25, 2016] 

§ 1066.315 Dynamometer road-load set-
ting. 

Determine dynamometer road-load 
settings for chassis testing by fol-
lowing SAE J2264 (incorporated by ref-
erence in § 1066.1010). 

Subpart E—Preparing Vehicles 
and Running an Exhaust Emis-
sion Test 

§ 1066.401 Overview. 
(a) Use the procedures detailed in 

this subpart to measure vehicle emis-
sions over a specified drive schedule. 
Different procedures may apply for cri-
teria pollutants and greenhouse gas 
emissions as described in the standard- 
setting part. This subpart describes 
how to— 

(1) Determine road-load power, test 
weight, and inertia class. 

(2) Prepare the vehicle, equipment, 
and measurement instruments for an 
emission test. 

(3) Perform pre-test procedures to 
verify proper operation of certain 
equipment and analyzers and to pre-
pare them for testing. 

(4) Record pre-test data. 
(5) Sample emissions. 

(6) Record post-test data. 
(7) Perform post-test procedures to 

verify proper operation of certain 
equipment and analyzers. 

(8) Weigh PM samples. 
(b) The overall test generally con-

sists of prescribed sequences of fueling, 
parking, and driving at specified test 
conditions. An exhaust emission test 
generally consists of measuring emis-
sions and other parameters while a ve-
hicle follows the drive schedules speci-
fied in the standard-setting part. There 
are two general types of test cycles: 

(1) Transient cycles. Transient test cy-
cles are typically specified in the 
standard-setting part as a second-by- 
second sequence of vehicle speed com-
mands. Operate a vehicle over a tran-
sient cycle such that the speed follows 
the target values. Proportionally sam-
ple emissions and other parameters and 
calculate emission rates as specified in 
subpart G of this part to calculate 
emissions. The standard-setting part 
may specify three types of transient 
testing based on the approach to start-
ing the measurement, as follows: 

(i) A cold-start transient cycle where 
you start to measure emissions just be-
fore starting an engine that has not 
been warmed up. 

(ii) A hot-start transient cycle where 
you start to measure emissions just be-
fore starting a warmed-up engine. 

(iii) A hot-running transient cycle 
where you start to measure emissions 
after an engine is started, warmed up, 
and running. 

(2) Cruise cycles. Cruise test cycles are 
typically specified in the standard-set-
ting part as a discrete operating point 
that has a single speed command. 

(i) Start a cruise cycle as a hot-run-
ning test, where you start to measure 
emissions after the engine is started 
and warmed up and the vehicle is run-
ning at the target test speed. 

(ii) Sample emissions and other pa-
rameters for the cruise cycle in the 
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same manner as a transient cycle, with 
the exception that the reference speed 
value is constant. Record instanta-
neous and mean speed values over the 
cycle. 

§ 1066.405 Vehicle preparation and 
preconditioning. 

Prepare the vehicle for testing (in-
cluding measurement of evaporative 
and refueling emissions if appropriate), 
as described in the standard-setting 
part. 

§ 1066.410 Dynamometer test proce-
dure. 

(a) Dynamometer testing may con-
sist of multiple drive cycles with both 
cold-start and hot-start portions, in-
cluding prescribed soak times before 
each test interval. The standard-set-
ting part identifies the driving sched-
ules and the associated sample inter-
vals, soak periods, engine startup and 
shutdown procedures, and operation of 
accessories, as applicable. Not every 
test interval includes all these ele-
ments. 

(b) Place the vehicle onto the dyna-
mometer without starting the engine 
(for any test cycles) or drive the vehi-
cle onto the dynamometer (for hot- 
start and hot-running cycles only) and 
position a fan that directs cooling air 
to the vehicle during dynamometer op-
eration as described in this paragraph 
(b). This generally requires squarely 
positioning the fan in front of the vehi-
cle and directing the airflow to the ve-
hicle’s radiator. Use good engineering 
judgment to design and configure fans 
to cool the test vehicle in a way that 
properly simulates in-use operation, 
consistent with the specifications of 
§ 1066.105. Except for the following spe-
cial cases, use a road-speed modulated 
fan meeting the requirements of 
§ 1066.105(c)(2) that is placed within 90 
cm of the front of the vehicle and en-
sure that the engine compartment 
cover (i.e., hood) is closed: 

(1) For vehicles above 14,000 pounds 
GVWR, use a fan meeting the require-
ments of § 1066.105(d) that is placed 
within 90 cm of the front of the vehicle 
and ensure that the engine compart-
ment cover is closed. 

(2) For FTP, LA–92, US06, or HFET 
testing of vehicles at or below 14,000 

pounds GVWR, you may use a fixed- 
speed fan as specified in the following 
table, with the engine compartment 
cover open: 

TABLE 1 OF § 1066.410—FIXED-SPEED FAN CA-
PACITY AND POSITION SPECIFICATIONS FOR 
VEHICLES AT OR BELOW 14,000 POUNDS 
GVWR 

Test 
cycle 

Maximum fan 
capacity 

Approximate dis-
tance from the 

front of the vehi-
cle 

FTP ....... Up to 2.50 m3/s ..................... 0 to 30 cm. 
US06 ..... Up to 7.10 m3/s ..................... 0 to 60 cm. 
LA–92 ... Up to 7.10 m3/s ..................... 0 to 60 cm. 
HFET .... Up to 2.50 m3/s ..................... 0 to 30 cm. 

(3) For SC03 and AC17 testing, use a 
road-speed modulated fan meeting the 
requirements of § 1066.105(c)(5) that is 
placed within 60 to 90 cm of the front of 
the vehicle and ensure that the engine 
compartment cover is closed. Position 
the discharge nozzle such that its low-
est point is not more than 16 cm above 
the floor of the test cell. 

(c) Record the vehicle’s speed trace 
based on the time and speed data from 
the dynamometer at the recording fre-
quencies given in Table 1 of § 1066.125. 
Record speed to at least the nearest 
0.01 mi/hr and time to at least the near-
est 0.1 s. 

(d) You may perform practice runs 
for operating the vehicle and the dyna-
mometer controls to meet the driving 
tolerances specified in § 1066.425 or ad-
just the emission sampling equipment. 
Verify that the accelerator pedal al-
lows for enough control to closely fol-
low the prescribed driving schedule. We 
recommend that you verify your abil-
ity to meet the minimum dilution fac-
tor requirements of 
§ 1066.110(b)(2)(iii)(B) during these prac-
tice runs. 

(e) Inflate tires on drive wheels ac-
cording to the vehicle manufacturer’s 
specifications. The tire pressure for 
drive wheels must be the same for dy-
namometer operation and for dyna-
mometer coastdown procedures used 
for determining road-load coefficients. 
Report these measured tire pressure 
values with the test results. 

(f) Tie down or load the test vehicle 
as needed to provide a normal force at 
the tire and dynamometer roll inter-
face to prevent wheel slip. For vehicles 
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above 14,000 pounds GVWR, report this 
measured force with the test results. 

(g) Use good engineering judgment 
when testing vehicles in four-wheel 
drive or all-wheel drive mode. (For pur-
poses of this paragraph (g), the term 
four-wheel drive includes other mul-
tiple drive-axle configurations.) This 
may involve testing on a dynamometer 
with a separate dynamometer roll for 
each drive axle; or two drive axles may 
use a single roll, as described in 
§ 1066.210(d)(1); or you may deactivate 
the second set of drive wheels and oper-
ate the vehicle on a single roll. For all 
vehicles at or below 14,000 GVWR, we 
will test your vehicle using the same 
dynamometer roll arrangement that 
you used. We may also test your vehi-
cle using another dynamometer roll ar-
rangement for information-gathering 
purposes. If we choose to perform addi-
tional testing that requires vehicle 
modifications, we will ask you to con-
figure the vehicle appropriately. 

(h) Determine equivalent test weight 
as follows: 

(1) For vehicles at or below 14,000 
pounds GVWR, determine ETW as de-
scribed in § 1066.805. Set dynamometer 
vehicle inertia, I, based on dynamom-
eter type, as follows: 

(i) For two-wheel drive 
dynamometers, set I = ETW. 

(ii) For four-wheel drive 
dynamometers, set I = 0.985 · ETW. 

(2) For vehicles above 14,000 pounds 
GVWR, determine the vehicle’s effec-
tive mass as described in § 1066.310 and 
use this as the test weight. 

(i) Warm up the dynamometer as rec-
ommended by the dynamometer manu-
facturer. 

(j) Following the test, determine the 
actual driving distance by counting the 
number of dynamometer roll or shaft 
revolutions, or by integrating speed 
over the course of testing from a high- 
resolution encoder system. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9121, Feb. 19, 2015; 81 FR 74202, Oct. 25, 
2016] 

§ 1066.415 Vehicle operation. 
This section describes how to test a 

conventionally configured vehicle (ve-
hicles with transmission shifters, foot 
pedal accelerators, etc). You may ask 
us to modify these procedures for vehi-

cles that do not have these control fea-
tures. 

(a) Start the vehicle as follows: 
(1) At the beginning of the test cycle, 

start the vehicle according to the pro-
cedure described in the owners manual. 
In the case of HEVs, this would gen-
erally involve activating vehicle sys-
tems such that the engine will start 
when the vehicle’s control algorithms 
determine that the engine should pro-
vide power instead of or in addition to 
power from the rechargeable energy 
storage system (RESS). Unless we 
specify otherwise, engine starting 
throughout this part generally refers 
to this step of activating the system on 
HEVs, whether or not that causes the 
engine to start running. 

(2) Place the transmission in gear as 
described by the test cycle in the 
standard-setting part. During idle oper-
ation, apply the brakes if necessary to 
keep the drive wheels from turning. 

(b) If the vehicle does not start after 
your recommended maximum cranking 
time, wait and restart cranking accord-
ing to your recommended practice. If 
you do not recommend such a cranking 
procedure, stop cranking after 10 sec-
onds, wait for 10 seconds, then start 
cranking again for up to 10 seconds. 
You may repeat this for up to three 
start attempts. If the vehicle does not 
start after three attempts, you must 
determine and record the reason for 
failure to start. Shut off sampling sys-
tems and either turn the CVS off or 
disconnect the laboratory exhaust tub-
ing from the tailpipe during the diag-
nostic period to prevent flow through 
the exhaust system. Reschedule the ve-
hicle for testing. This may require per-
forming vehicle preparation and pre-
conditioning if the testing needs to be 
rerun from a cold start. If failure to 
start occurs during a hot-start test, 
you may reschedule the hot-start test 
without repeating the cold-start test, 
as long as you bring the vehicle to a 
hot-start condition before starting the 
hot-start test. 

(c) Repeat the recommended starting 
procedure if the engine has a false start 
(i.e., an incomplete start). 

(d) Take the following steps if the en-
gine stalls: 

(1) If the engine stalls during an idle 
period, restart the engine immediately 
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and continue the test. If you cannot re-
start the engine soon enough to allow 
the vehicle to follow the next accelera-
tion, stop the driving schedule indi-
cator and reactivate it when the vehi-
cle restarts. 

(2) Void the test if the vehicle stalls 
during vehicle operation. If this hap-
pens, remove the vehicle from the dy-
namometer, take corrective action, 
and reschedule the vehicle for testing. 
Record the reason for the malfunction 
(if determined) and any corrective ac-
tion. See the standard-setting part for 
instructions about reporting these mal-
functions. 

(e) Operate vehicles during testing as 
follows: 

(1) Where we do not give specific in-
structions, operate the vehicle accord-
ing to the recommendations in the 
owners manual, unless those rec-
ommendations are unrepresentative of 
what may reasonably be expected for 
in-use operation. 

(2) If vehicles have features that pre-
clude dynamometer testing, you may 
modify these features as necessary to 
allow testing, consistent with good en-
gineering judgment, as long as it does 
not affect your ability to demonstrate 
that your vehicles comply with the ap-
plicable standards. Send us written no-
tification describing these changes 
along with supporting rationale. 

(3) Operate vehicles during idle as 
follows: 

(i) For vehicles with automatic 
transmission, operate at idle with the 
transmission in ‘‘Drive’’ with the 
wheels braked, except that you may 
shift to ‘‘Neutral’’ for the first idle pe-
riod and for any idle period longer than 
one minute. If you put the vehicle in 
‘‘Neutral’’ during an idle, you must 
shift the vehicle into ‘‘Drive’’ with the 
wheels braked at least 5 seconds before 
the end of the idle period. Note that 
this does not preclude vehicle designs 
involving engine shutdown during idle. 

(ii) For vehicles with manual trans-
mission, operate at idle with the trans-
mission in gear with the clutch dis-
engaged, except that you may shift to 
‘‘Neutral’’ with the clutch engaged for 
the first idle period and for any idle pe-
riod longer than one minute. If you put 
the vehicle in ‘‘Neutral’’ during idle, 
you must shift to first gear with the 

clutch disengaged at least 5 seconds be-
fore the end of the idle period. Note 
that this does not preclude vehicle de-
signs involving engine operation with 
shutdown during idle. 

(4) Operate the vehicle with the ap-
propriate accelerator pedal movement 
necessary to follow the scheduled 
speeds in the driving schedule. Avoid 
smoothing speed variations and unnec-
essary movement of the accelerator 
pedal. 

(5) Operate the vehicle smoothly, fol-
lowing representative shift speeds and 
procedures. For manual transmissions, 
the operator shall release the accel-
erator pedal during each shift and ac-
complish the shift without delay. If the 
vehicle cannot accelerate at the speci-
fied rate, operate it at maximum avail-
able power until the vehicle speed 
reaches the value prescribed in the 
driving schedule. 

(6) Decelerate as follows: 
(i) For vehicles with automatic 

transmission, use the brakes or accel-
erator pedal as necessary, without 
manually changing gears, to maintain 
the desired speed. 

(ii) For vehicles with manual trans-
mission, shift gears in a way that rep-
resents reasonable shift patterns for in- 
use operation, considering vehicle 
speed, engine speed, and any other rel-
evant variables. Disengage the clutch 
when the speed drops below 15 mi/hr, 
when engine roughness is evident, or 
when good engineering judgment indi-
cates the engine is likely to stall. Man-
ufacturers may recommend shift guid-
ance in the owners manual that differs 
from the shift schedule used during 
testing, as long as both shift schedules 
are described in the application for cer-
tification; in this case, we may shift 
during testing as described in the own-
ers manual. 

[79 FR 23823, Apr. 28, 2016, as amended at 81 
FR 74202, Oct. 25, 2016] 

§ 1066.420 Test preparation. 

(a) Follow the procedures for PM 
sample preconditioning and tare weigh-
ing as described in 40 CFR 1065.590 if 
you need to measure PM emissions. 
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(b) For vehicles above 14,000 pounds 
GVWR with compression-ignition en-
gines, verify the amount of non-
methane hydrocarbon contamination 
as described in 40 CFR 1065.520(f). 

(c) Unless the standard-setting part 
specifies different tolerances, verify at 
some point before the test that ambi-
ent conditions are within the toler-
ances specified in this paragraph (c). 
For purposes of this paragraph (c), 
‘‘before the test’’ means any time from 
a point just prior to engine starting 
(excluding engine restarts) to the point 
at which emission sampling begins. 

(1) Ambient temperature must be (20 
to 30) °C. See § 1066.425(h) for cir-
cumstances under which ambient tem-
peratures must remain within this 
range during the test. 

(2) Dilution air conditions must meet 
the specifications in § 1066.110(b)(2). We 
recommend verifying dilution air con-
ditions just before starting each test 
interval. 

(d) Control test cell ambient air hu-
midity as follows: 

(1) For vehicles at or below 14,000 
pounds GVWR, follow the humidity re-
quirements in Table 1 of this section, 
unless the standard-setting part speci-
fies otherwise. When complying with 
humidity requirements in the table, 
where no tolerance is specified, use 
good engineering judgment to main-
tain the humidity level near the speci-
fied value within the limitations of 
your test facility. 

(2) For vehicles above 14,000 pounds 
GVWR, you may test vehicles at any 
humidity. 

TABLE 1 OF § 1066.420—TEST CELL HUMIDITY REQUIREMENTS 

Test cycle 

Humidity 
requirement 

(grains H2O per 
pound dry air) 

Tolerance 
(grains H2O per pound dry air) 

AC17 .......................................................................................... 69 ±5 average, ±10 instantaneous. 
FTP 1 and LA–92 ....................................................................... 50 
HFET ......................................................................................... 50 
SC03 .......................................................................................... 100 ±5. 
US06 .......................................................................................... 50 

1 FTP humidity requirement does not apply for cold (¥7 °C), intermediate (10 °C), and hot (35 °C) temperature testing. 

(e) You may perform a final calibra-
tion of proportional-flow control sys-
tems, which may include performing 
practice runs. 

(f) You may perform the following 
procedure to precondition sampling 
systems: 

(1) Operate the vehicle over the test 
cycle. 

(2) Operate any dilution systems at 
their expected flow rates. Prevent 
aqueous condensation in the dilution 
systems as described in 40 CFR 
1065.140(c)(6), taking into account al-
lowances given in § 1066.110(b)(2)(iv). 

(3) Operate any PM sampling systems 
at their expected flow rates. 

(4) Sample PM using any sample 
media. You may change sample media 
during preconditioning. You must dis-
card preconditioning samples without 
weighing them. 

(5) You may purge any gaseous sam-
pling systems during preconditioning. 

(6) You may conduct calibrations or 
verifications on any idle equipment or 
analyzers during preconditioning. 

(g) Take the following steps before 
emission sampling begins: 

(1) For batch sampling, connect clean 
storage media, such as evacuated bags 
or tare-weighed filters. 

(2) Start all measurement instru-
ments according to the instrument 
manufacturer’s instructions and using 
good engineering judgment. 

(3) Start dilution systems, sample 
pumps, and the data-collection system. 

(4) Pre-heat or pre-cool heat exchang-
ers in the sampling system to within 
their operating temperature tolerances 
for a test. 

(5) Allow heated or cooled compo-
nents such as sample lines, filters, 
chillers, and pumps to stabilize at their 
operating temperatures. 

(6) Adjust the sample flow rates to 
desired levels using bypass flow, if de-
sired. 
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(7) Zero or re-zero any electronic in-
tegrating devices before the start of 
any test interval. 

(8) Select gas analyzer ranges. You 
may not switch the gain of an ana-
lyzer’s analog operational amplifier(s) 
during a test. However, you may switch 
(automatically or manually) gas ana-
lyzer ranges during a test if such 
switching changes only the range over 
which the digital resolution of the in-
strument is applied. For batch ana-
lyzers, select ranges before final bag 
analysis. 

(9) Zero and span all continuous gas 
analyzers using gases that meet the 
specifications of 40 CFR 1065.750. For 
FID analyzers, you may account for 
the carbon number of your span gas ei-
ther during the calibration process or 
when calculating your final emission 
value. For example, if you use a C3H8 
span gas of concentration 200 ppm 
(μmol/mol), you may span the FID to 
respond with a value of 600 ppm (μmol/ 
mol) of carbon or 200 ppm of propane. 
However, if your FID response is equiv-
alent to propane, include a factor of 
three to make the final calculated hy-
drocarbon mass consistent with a 
molar mass of 13.875389. When utilizing 
an NMC–FID, span the FID analyzer 
consistent with the determination of 
their respective response factors, RF, 
and penetration fractions, PF, accord-
ing to 40 CFR 1065.365. 

(10) We recommend that you verify 
gas analyzer responses after zeroing 
and spanning by sampling a calibration 
gas that has a concentration near one- 
half of the span gas concentration. 
Based on the results, use good engi-
neering judgment to decide whether or 
not to re-zero, re-span, or re-calibrate a 
gas analyzer before starting a test. 

(11) If you correct for dilution air 
background concentrations of associ-
ated engine exhaust constituents, start 
sampling and recording background 
concentrations at the same time you 
start sampling exhaust gases. 

(12) Turn on cooling fans imme-
diately before starting the test. 

(h) Proceed with the test sequence 
described in § 1066.425. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9121, Feb. 19, 2015] 

§ 1066.425 Performing emission tests. 

(a) See the standard-setting part for 
drive schedules. These are defined by a 
smooth fit of a specified speed vs. time 
sequence. 

(b) The driver must attempt to follow 
the target schedule as closely as pos-
sible, consistent with the specifica-
tions in paragraph (b) of this section. 
Instantaneous speeds must stay within 
the following tolerances: 

(1) The upper limit is 2.0 mi/hr higher 
than the highest point on the trace 
within 1.0 s of the given point in time. 

(2) The lower limit is 2.0 mi/hr lower 
than the lowest point on the trace 
within 1.0 s of the given time. 

(3) The same limits apply for vehicle 
operation without exhaust measure-
ments, such as vehicle preconditioning 
and warm-up, except that the upper 
and lower limits for speed values are 
±4.0 mi/hr. In addition, up to three oc-
currences of speed variations greater 
than the tolerance are acceptable for 
vehicle operation in which no exhaust 
emission standards apply, as long as 
they occur for less than 15 seconds on 
any occasion and are clearly docu-
mented as to the time and speed at 
that point of the driving schedule. 

(4) Void the test if you do not main-
tain speed values as specified in this 
paragraph (b), except as allowed by this 
paragraph (b)(4). Speed variations (such 
as may occur during gear changes or 
braking spikes) may occur as follows, 
as long as such variations are clearly 
documented, including the time and 
speed values and the reason for the de-
viation: 

(i) Speed variations greater than the 
specified limits are acceptable for up to 
2.0 seconds on any occasion. 

(ii) For vehicles that are not able to 
maintain acceleration as specified in 
§ 1066.415(e)(5), do not count the insuffi-
cient acceleration as being outside the 
specified limits. 

(5) We may approve an alternate test 
cycle and cycle-validation criteria for 
vehicles that do not have enough power 
to follow the specified driving trace. 
The alternate driving specifications 
must be based on making best efforts 
to maintain acceleration and speed to 
follow the specified test cycle. We must 
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approve these alternate driving speci-
fications before you perform this test-
ing. 

(c) Figure 1 and Figure 2 of this sec-
tion show the range of acceptable speed 
tolerances for typical points during 
testing. Figure 1 of this section is typ-

ical of portions of the speed curve that 
are increasing or decreasing through-
out the 2-second time interval. Figure 2 
of this section is typical of portions of 
the speed curve that include a max-
imum or minimum value. 
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(d) Start testing as follows: 
(1) If a vehicle is already running and 

warmed up, and starting is not part of 
the test cycle, operate the vehicle as 
follows: 

(i) For transient test cycles, control 
vehicle speeds to follow a drive sched-
ule consisting of a series of idles, accel-
erations, cruises, and decelerations. 

(ii) For cruise test cycles, control the 
vehicle operation to match the speed of 
the first interval of the test cycle. Fol-
low the instructions in the standard- 
setting part to determine how long to 
stabilize the vehicle during each inter-
val, how long to sample emissions at 
each interval, and how to transition 
between intervals. 

(2) If engine starting is part of the 
test cycle, start recording continuous 
data, turn on any electronic inte-
grating devices, and start batch sam-
pling before starting the engine. Ini-
tiate the driver’s trace when the engine 
starts. 

(e) Perform the following at the end 
of each test interval, except as speci-
fied in standard-setting part: 

(1) Shut down the vehicle if it is part 
of the test cycle or if testing is com-
plete. 

(2) Continue to operate all sampling 
and dilution systems to allow the re-
sponse times to elapse. Then stop all 
sampling and recording, including 
background sampling. Finally, stop 
any integrating devices and indicate 
the end of the duty cycle in the re-
corded data. 

(f) If testing involves engine shut-
down followed by another test interval, 
start a timer for the vehicle soak when 
the engine shuts down. Turn off cooling 
fans, close the engine compartment 
cover (if applicable), and turn off the 
CVS or disconnect the exhaust tube 
from the vehicle’s tailpipe(s) unless 
otherwise instructed in the standard- 
setting part. If testing is complete, dis-
connect the laboratory exhaust tubing 
from the vehicle’s tailpipe(s) and drive 
the vehicle from the dynamometer. 

(g) Take the following steps after 
emission sampling is complete: 

(1) For any proportional batch sam-
ple, such as a bag sample or PM sam-
ple, verify that proportional sampling 
was maintained according to 40 CFR 
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1065.545. Void any samples that did not 
maintain proportional sampling ac-
cording to those specifications. 

(2) Place any used PM samples into 
covered or sealed containers and return 
them to the PM-stabilization environ-
ment. Follow the PM sample post-con-
ditioning and total weighing proce-
dures in 40 CFR 1065.595. 

(3) As soon as practical after the in-
terval or test cycle is complete, or op-
tionally during the soak period if prac-
tical, perform the following: 

(i) Begin drift check for all contin-
uous gas analyzers as described in 
paragraph (g)(5) of this section and zero 
and span all batch gas analyzers as 
soon as practical before any batch sam-
ple analysis. You may perform this 
batch analyzer zero and span before the 
end of the test interval. 

(ii) Analyze any conventional gas-
eous batch samples (HC, CH4, CO, NOX, 
and CO2) no later than 30 minutes after 
a test interval is complete, or during 
the soak period if practical. Analyze 
background samples no later than 60 
minutes after the test interval is com-
plete. 

(iii) Analyze nonconventional gas-
eous batch samples (including back-
ground), such as NMHCE, N2O, or 
NMOG sampling with ethanol, as soon 
as practicable using good engineering 
judgment. 

(4) If an analyzer operated above 
100% of its range at any time during 
the test, perform the following steps: 

(i) For batch sampling, re-analyze 
the sample using the lowest analyzer 
range that results in a maximum in-
strument response below 100%. Report 
the result from the lowest range from 
which the analyzer operates below 
100% of its range. 

(ii) For continuous sampling, repeat 
the entire test using the next higher 
analyzer range. If the analyzer again 
operates above 100% of its range, re-
peat the test using the next higher 
range. Continue to repeat the test until 
the analyzer consistently operates at 
less than 100% of its range. Keep 
records of any tests where the analyzer 
exceeds its range. We may consider 
these results to determine that the test 
vehicle exceeded an emission standard, 
consistent with good engineering judg-
ment. 

(5) After quantifying exhaust gases, 
verify drift as follows: 

(i) For batch and continuous gas ana-
lyzers, record the mean analyzer value 
after stabilizing a zero gas to the ana-
lyzer. Stabilization may include time 
to purge the analyzer of any sample 
gas, plus any additional time to ac-
count for analyzer response. 

(ii) Record the mean analyzer value 
after stabilizing the span gas to the an-
alyzer. Stabilization may include time 
to purge the analyzer of any sample 
gas, plus any additional time to ac-
count for analyzer response. 

(iii) Use these data to verify that an-
alyzer drift does not exceed 2.0% of the 
analyzer full scale. 

(h) Measure and record ambient pres-
sure. Measure and record ambient tem-
perature continuously to verify that it 
remains within the temperature range 
specified in § 1066.420(c)(1) throughout 
the test. Also measure humidity if re-
quired, such as for correcting NOX 
emissions, or meeting the requirements 
of § 1066.420(d). 

(i) [Reserved] 
(j) For vehicles at or below 14,000 

pounds GVWR, determine overall driv-
er accuracy as follows: 

(1) Compare the following drive-cycle 
metrics, based on measured vehicle 
speeds, to a reference value based on 
the target cycle that would have been 
generated by driving exactly to the 
target trace as described in SAE J2951 
(incorporated by reference in 
§ 1066.1010): 

(i) Determine the Energy Economy 
Rating as described in Section 5.4 of 
SAE J2951. 

(ii) Determine the Absolute Speed 
Change Rating as described in Section 
5.5 of SAE J2951. 

(iii) Determine the Inertia Work Rat-
ing as described in Section 5.6 of SAE 
J2951. 

(iv) Determine the phase-weighted 
composite Energy Based Drive Metrics 
for the criteria specified in this para-
graph (j)(1) as described in Section 5.7 
of SAE J2951. 

(2) The standard-setting part may re-
quire you to give us 10 Hz data to char-
acterize both target and actual values 
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for cycle energy. Calculate target val-
ues based on the vehicles speeds from 
the specified test cycle. 

[79 FR 23823, Apr. 28, 2016, as amended at 81 
FR 74203, Oct. 25, 2016] 

Subpart F—Electric Vehicles and 
Hybrid Electric Vehicles 

§ 1066.501 Overview. 

Use the following procedures to test 
EVs and HEVs (including PHEVs): 

(a) Correct the results for Net Energy 
Change of the RESS as follows: 

(1) For all sizes of EVs, follow SAE 
J1634 (incorporated by reference in 
§ 1066.1010). 

(2) For HEVs at or below 14,000 
pounds GVWR, follow SAE J1711 (incor-
porated by reference in § 1066.1010) ex-
cept as described in this paragraph (a). 
Disregard provisions of SAE J1711 that 
differ from this part or the standard- 
setting part if they are not specific to 
HEVs. Apply the following adjustments 
and clarifications to SAE J1711: 

(i) If the procedure calls for charge- 
sustaining operation, start the drive 
with a State of Charge that is appro-
priate to ensure charge-sustaining op-
eration for the duration of the drive. 
Take steps other than emission meas-
urements to confirm that vehicles are 
in charge-sustaining mode for the dura-
tion of the drive. 

(ii) We may approve the use of the al-
ternate End-of-Test criterion in Sec-
tion 3.9.1 of SAE J1711 for charge-de-
pleting tests and the Net Energy 
Change correction in Appendix C of 
SAE J1711 for charge-sustaining tests if 
the specified criterion and correction 
are insufficient or inappropriate. 

(iii) For charge-sustaining tests Ap-
pendix C of SAE J1711 may be used to 
correct final fuel economy values, CO2 
emissions, and carbon-related exhaust 
emissions, but may not be used to cor-
rect measured values for criteria pol-
lutant emissions. 

(iv) You may test subject to a meas-
urement accuracy of ±0.3% of full scale 
in place of the measurement accuracy 
specified in Section 4.2a of SAE J1711. 

(3) For HEVs above 14,000 pounds 
GVWR, follow SAE J2711 (incorporated 
by reference in § 1066.1010) for require-

ments related to charge-sustaining op-
eration. 

(4) Use an integration frequency of 1 
to 20 Hz for power analyzers to verify 
compliance with current and voltage 
specifications. 

(b) This paragraph (b) applies for ve-
hicles that include an engine-powered 
generator or other auxiliary power unit 
that provides motive power. For exam-
ple, this would include a vehicle that 
has a small gasoline engine that gen-
erates electricity to charge batteries. 
Unless we approve otherwise, measure 
emissions for all test cycles when such 
an engine is operating. For each test 
cycle for which emissions are not 
measured, you must validate that such 
engines are not operating at any time 
during the test cycle. 

(c) You may stop emission sampling 
anytime the engine is turned off, con-
sistent with good engineering judg-
ment. This is intended to allow for 
higher concentrations of dilute exhaust 
gases and more accurate measure-
ments. Take steps to account for ex-
haust transport delay in the sampling 
system, and be sure to integrate over 
the actual sampling duration when de-
termining Vmix. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9121, Feb. 19, 2015] 

Subpart G—Calculations 
§ 1066.601 Overview. 

(a) This subpart describes calcula-
tions used to determine emission rates. 
See the standard-setting part and the 
other provisions of this part to deter-
mine which equations apply for your 
testing. This subpart describes how 
to— 

(1) Use the signals recorded before, 
during, and after an emission test to 
calculate distance-specific emissions of 
each regulated pollutant. 

(2) Perform calculations for calibra-
tions and performance checks. 

(3) Determine statistical values. 
(b) You may use data from multiple 

systems to calculate test results for a 
single emission test, consistent with 
good engineering judgment. You may 
also make multiple measurements 
from a single batch sample, such as 
multiple weighing of a PM filter or 
multiple readings from a bag sample. 
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Although you may use an average of 
multiple measurements from a single 
test, you may not use test results from 
multiple emission tests to report emis-
sions. We allow weighted means where 
appropriate, such as for sampling onto 
a PM filter over the FTP. You may dis-
card statistical outliers, but you must 
report all results. 

§ 1066.605 Mass-based and molar-based 
exhaust emission calculations. 

(a) Calculate your total mass of emis-
sions over a test cycle as specified in 
paragraph (c) of this section or in 40 
CFR part 1065, subpart G, as applicable. 

(b) See the standard-setting part for 
composite emission calculations over 
multiple test intervals and the cor-
responding weighting factors. 

(c) Perform the following sequence of 
preliminary calculations to correct re-
corded concentration measurements 
before calculating mass emissions in 
paragraphs (e) and (f) of this section: 

(1) For vehicles above 14,000 pounds 
GVWR, correct all THC and CH4 con-
centrations for initial contamination 
as described in 40 CFR 1065.660(a), in-
cluding continuous readings, sample 
bag readings, and dilution air back-
ground readings. This correction is op-
tional for vehicles at or below 14,000 
pounds GVWR. 

(2) Correct all concentrations meas-
ured on a ‘‘dry’’ basis to a ‘‘wet’’ basis, 
including dilution air background con-
centrations. 

(3) Calculate all NMHC and CH4 con-
centrations, including dilution air 
background concentrations, as de-
scribed in 40 CFR 1065.660. 

(4) For vehicles at or below 14,000 
pounds GVWR, calculate HC concentra-
tions, including dilution air back-
ground concentrations, as described in 
this section, and as described in 
§ 1066.635 for NMOG. For emission test-
ing of vehicles above 14,000 pounds 
GVWR, with fuels that contain 25% or 
more oxygenated compounds by vol-
ume, calculate THCE and NMHC con-
centrations, including dilution air 
background concentrations, as de-
scribed in 40 CFR part 1065, subpart I. 

(5) Correct all gaseous concentrations 
for dilution air background as de-
scribed in § 1066.610. 

(6) Correct NOX emission values for 
intake-air humidity as described in 
§ 1066.615. 

(7) Correct all PM filter masses for 
sample media buoyancy as described in 
40 CFR 1065.690. 

(d) Calculate g/mile emission rates 
using the following equation unless the 
standard-setting part specifies other-
wise: 

Where: 

e[emission] = emission rate over the test inter-
val. 

m[emission] = emission mass over the test inter-
val. 

D = the measured driving distance over the 
test interval. 

Example:  
mNOx = 0.3177 g 
DHFET = 10.19 miles 
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(e) Calculate the emission mass of 
each gaseous pollutant using the fol-
lowing equation: 

Where: 
m[emission] = emission mass over the test inter-

val. 
Vmix = total dilute exhaust volume over the 

test interval, corrected to standard ref-
erence conditions, and corrected for any 
volume removed for emission sampling 
and for any volume change from adding 
secondary dilution air. 

p[emission] = density of the appropriate chem-
ical species as given in § 1066.1005(f). 

x[emission] = measured emission concentration 
in the sample, after dry-to-wet and back-
ground corrections. 

c = 10¥2 for emission concentrations in %, 
and 10¥6 for emission concentrations in 
ppm. 

Example:  
Vmix = 170.878 m3 (from paragraph (f) of this 

section) 
ρNOx = 1913 g/m3 
xNOx = 0.9721 ppm 
c = 10¥6 
mNOx = 170.878·1913·0.9721·10¥6 = 0.3177 g 

(f) Calculation of the emission mass 
of PM, mPM, is dependent on how many 
PM filters you use, as follows: 

(1) Except as otherwise specified in 
this paragraph (f), calculate mPM using 
the following equation: 

Where: 
mPM = mass of particulate matter emissions 

over the test interval, as described in 
§ 1066.815(b)(1), (2), and (3). 

Vmix = total dilute exhaust volume over the 
test interval, corrected to standard ref-
erence conditions, and corrected for any 
volume removed for emission sampling 
and for any volume change from adding 
secondary dilution air. For partial-flow 
dilution systems, set Vmix equal to the 
total exhaust volume over the test inter-
val, corrected to standard reference con-
ditions. 

VPMstd = total volume of dilute exhaust sam-
pled through the filter over the test in-
terval, corrected to standard reference 
conditions. 

Vsdastd = total volume of secondary dilution 
air sampled through the filter over the 

test interval, corrected to standard ref-
erence conditions. For partial-flow dilu-
tion systems, set Vsdastd equal to total di-
lution air volume over the test interval, 
corrected to standard reference condi-
tions. 

mPMfil = mass of particulate matter emissions 
on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 
background filter. 

Example:  
Vmix = 170.878 m3 (from paragraph (g) of this 

section) 
VPMstd = 0.925 m3 (from paragraph (g) of this 

section) 
Vsdastd = 0.527 m3 (from paragraph (g) of this 

section) 
mPMfil = 0.0000045 g 
mPMbkgnd = 0.0000014 g 
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(2) If you sample PM onto a single fil-
ter as described in § 1066.815(b)(4)(i) or 
(b)(4)(ii) (for constant volume sam-

plers), calculate mPM using the fol-
lowing equation: 

Where: 
mPM = mass of particulate matter emissions 

over the entire FTP. 
Vmix = total dilute exhaust volume over the 

test interval, corrected to standard ref-
erence conditions, and corrected for any 
volume removed for emission sampling 
and for any volume change from adding 
secondary dilution air. 

V[interval]-PMstd = total volume of dilute exhaust 
sampled through the filter over the test 
interval (ct = cold transient, s = sta-
bilized, ht = hot transient), corrected to 
standard reference conditions. 

V[interval]-sdastd = total volume of secondary dilu-
tion air sampled through the filter over 
the test interval (ct = cold transient, s = 

stabilized, ht = hot transient), corrected 
to standard reference conditions. 

mPMfil = mass of particulate matter emissions 
on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 
background filter over the test interval. 

Example:  
Vmix = 633.691 m3 
Vct-PMstd = 0.925 m3 
Vct-sdastd = 0.527 m3 
Vs-PMstd = 1.967 m3 
Vs-sdastd = 1.121 m3 
Vht-PMstd = 1.122 m3 
Vht-sdastd = 0.639 m3 
mPMfil = 0.0000106 g 
mPMbkgnd = 0.0000014 g 

mPM = 0.00222 g 

(3) If you sample PM onto a single fil-
ter as described in § 1066.815(b)(4)(ii) (for 

partial flow dilution systems), cal-
culate mPM using the following equa-
tion: 
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Where: 

mPM = mass of particulate matter emissions 
over the entire FTP. 

V[interval]-exhstd = total engine exhaust volume 
over the test interval (ct = cold tran-
sient, s = stabilized, ht = hot transient), 
corrected to standard reference condi-
tions, and corrected for any volume re-
moved for emission sampling. 

V[interval]-PMstd = total volume of dilute exhaust 
sampled through the filter over the test 
interval (ct = cold transient, s = sta-
bilized, ht = hot transient), corrected to 
standard reference conditions. 

V[interval]-dilstd = total volume of dilution air 
over the test interval (ct = cold tran-
sient, s = stabilized, ht = hot transient), 
corrected to standard reference condi-

tions and for any volume removed for 
emission sampling. 

mPMfil = mass of particulate matter emissions 
on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 
background filter over the test interval. 

Example:  
Vct-exhstd = 5.55 m3 
Vct-PMstd = 0.526 m3 
Vct-dilstd = 0.481 m3 
Vs-exhstd = 9.53 m3 
Vs-PMstd = 0.903 m3 
Vs-dilstd = 0.857 m3 
Vht-exhstd = 5.54 m3 
Vht-PMstd = 0.527 m3 
Vht-dilstd = 0.489 m3 
mPMfil = 0.0000106 g 
mPMbkgnd = 0.0000014 g 

mPM = 0.00269 g 

(4) If you sample PM onto a single fil-
ter as described in § 1066.815(b)(5)(i) or 

(b)(5)(ii) (for constant volume sam-
plers), calculate mPM using the fol-
lowing equation: 

Where: 

mPM = mass of particulate matter emissions 
over the entire FTP. 

Vmix = total dilute exhaust volume over the 
test interval, corrected to standard ref-
erence conditions, and corrected for any 
volume removed for emission sampling 
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and for any volume change from sec-
ondary dilution air. 

V[interval]-PMstd = total volume of dilute exhaust 
sampled through the filter over the test 
interval (ct = cold transient, cs = cold 
stabilized, ht = hot transient, hs = hot 
stabilized), corrected to standard ref-
erence conditions. 

V[interval]-sdastd = total volume of secondary dilu-
tion air sampled through the filter over 
the test interval (ct = cold transient, cs 
= cold stabilized, ht = hot transient, hs = 
hot stabilized), corrected to standard ref-
erence conditions. 

mPMfil = mass of particulate matter emissions 
on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 
background filter over the test interval. 

Example:  
Vmix = 972.121 m3 
Vct-PMstd = 0.925 m3 
Vct-sdastd = 0.529 m3 
Vcs-PMstd = 1.968 m3 
Vcs-sdastd = 1.123 m3 
Vht-PMstd = 1.122 m3 
Vht-sdastd = 0.641 m3 
Vhs-PMstd = 1.967 m3 
Vhs-sdastd = 1.121 m3 
mPMfil = 0.0000229 g 
mPMbkgnd = 0.0000014 g 

mPM = 0.00401 g 

(5) If you sample PM onto a single fil-
ter as described in § 1066.815(b)(5)(ii) (for 

partial flow dilution systems), cal-
culate mPM using the following equa-
tion: 

Where: 

mPM = mass of particulate matter emissions 
over the entire FTP. 

V[interval]-exhstd = total engine exhaust volume 
over the test interval (ct = cold tran-
sient, cs = cold stabilized, ht = hot tran-
sient, hs = hot stabilized), corrected to 
standard reference conditions, and cor-
rected for any volume removed for emis-
sion sampling. 

V[interval]-PMstd = total volume of dilute exhaust 
sampled through the filter over the test 
interval (ct = cold transient, cs = cold 
stabilized, ht = hot transient, hs = hot 
stabilized), corrected to standard ref-
erence conditions. 

V[interval]-dilstd = total volume of dilution air 
over the test interval (ct = cold tran-
sient, cs = cold stabilized, ht = hot tran-
sient, hs = hot stabilized), corrected to 
standard reference conditions and for 

any volume removed for emission sam-
pling. 

mPMfil = mass of particulate matter emissions 
on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 
background filter over the test interval. 

Example:  
Vct-exhstd = 5.55 m3 
Vct-PMstd = 0.526 m3 
Vct-dilstd = 0.481 m3 
Vcs-exhstd = 9.53 m3 
Vcs-PMstd = 0.903 m3 
Vcs-dilstd = 0.857 m3 
Vht-exhstd = 5.54 m3 
Vht-PMstd = 0.527 m3 
Vht-dilstd = 0.489 m3 
Vhs-exhstd = 9.54 m3 
Vhs-PMstd = 0.902 m3 
Vhs-dilstd = 0.856 m3 
mPMfil = 0.0000229 g 
mPMbkgnd = 0.0000014 g 
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mPM = 0.00266 g 

(g) This paragraph (g) describes how 
to correct flow and flow rates to stand-
ard reference conditions and provides 
an example for determining Vmix based 
on CVS total flow and the removal of 
sample flow from the dilute exhaust 

gas. You may use predetermined nomi-
nal values for removed sample vol-
umes, except for flows used for batch 
sampling. 

(1) Correct flow and flow rates to 
standard reference conditions as need-
ed using the following equation: 

Where: 
V[flow]std = total flow volume at the flow 

meter, corrected to standard reference 
conditions. 

V[flow]act = total flow volume at the flow meter 
at test conditions. 

pin = absolute static pressure at the flow 
meter inlet, measured directly or cal-
culated as the sum of atmospheric pres-
sure plus a differential pressure ref-
erenced to atmospheric pressure. 

Tstd = standard temperature. 
pstd = standard pressure. 
Tin = temperature of the dilute exhaust sam-

ple at the flow meter inlet. 

Example:  
VPMact = 1.071 m3 
pin = 101.7 kPa 
Tstd = 293.15 K 
pstd = 101.325 kPa 
Tin = 340.5 K 

(2) The following example provides a 
determination of Vmix based on CVS 
total flow and the removal of sample 
flow from one dilute exhaust gas ana-
lyzer and one PM sampling system that 
is utilizing secondary dilution. Note 
that your Vmix determination may vary 

from Eq. 1066.605–7 based on the number 
of flows that are removed from your di-
lute exhaust gas and whether your PM 
sampling system is using secondary di-
lution. For this example, Vmix is gov-
erned by the following equation: 
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Where: 
VCVSstd = total dilute exhaust volume over the 

test interval at the flow meter, corrected 
to standard reference conditions. 

Vgasstd = total volume of sample flow through 
the gaseous emission bench over the test 
interval, corrected to standard reference 
conditions. 

VPMstd = total volume of dilute exhaust sam-
pled through the filter over the test in-
terval, corrected to standard reference 
conditions. 

Vsdastd = total volume of secondary dilution 
air flow sampled through the filter over 
the test interval, corrected to standard 
reference conditions. 

Example:  
Using Eq. 1066.605–8: 

VCVSstd = 170.451 m3, where VCVSact = 170.721 m3, 
pin = 101.7 kPa, and Tin = 294.7 K 

Using Eq. 1066.605–8: 
Vgasstd = 0.028 m3, where Vgasact = 0.033 m3, pin = 

101.7 kPa, and Tin = 340.5 K 
Using Eq. 1066.605–8: 

VPMstd = 0.925 m3, where VPMact = 1.071 m3, pin = 
101.7 kPa, and Tin = 340.5 K 

Using Eq. 1066.605–8: 
Vsdastd = 0.527 m3, where Vsdaact = 0.531 m3, pin = 

101.7 kPa, and Tin = 296.3 K 
Vmix = 170.451 + 0.028 + 0.925 ¥ 0.527 = 170.878 

m3 

(h) Calculate total flow volume over 
a test interval, V[flow], for a CVS or ex-
haust gas sampler as follows: 

(1) Varying versus constant flow rates. 
The calculation methods depend on dif-
ferentiating varying and constant flow, 
as follows: 

(i) We consider the following to be 
examples of varying flows that require 
a continuous multiplication of con-
centration times flow rate: raw ex-
haust, exhaust diluted with a constant 
flow rate of dilution air, and CVS dilu-
tion with a CVS flow meter that does 
not have an upstream heat exchanger 
or electronic flow control. 

(ii) We consider the following to be 
examples of constant exhaust flows: 
CVS diluted exhaust with a CVS flow 
meter that has an upstream heat ex-
changer, an electronic flow control, or 
both. 

(2) Continuous sampling. For contin-
uous sampling, you must frequently 
record a continuously updated flow sig-
nal. This recording requirement applies 
for both varying and constant flow 
rates. 

(i) Varying flow rate. If you continu-
ously sample from a varying exhaust 
flow rate, calculate V[flow] using the fol-
lowing equation: 

Where: 

Example:  
N = 505 
Q̇CVS1 = 0.276 m3/s 
Q̇CVS2 = 0.294 m3/s 
frecord = 1 Hz 

Using Eq. 1066.605–11, 
Dt = 1/1 = 1 s 
VCVS = (0.276 + 0.294 + ... + Q̇CVS505)·1 
VCVS = 170.721 m3 

(ii) Constant flow rate. If you continu-
ously sample from a constant exhaust 
flow rate, use the same calculation de-
scribed in paragraph (h)(2)(i) of this 
section or calculate the mean flow re-
corded over the test interval and treat 
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the mean as a batch sample, as de-
scribed in paragraph (h)(3)(ii) of this 
section. 

(3) Batch sampling. For batch sam-
pling, calculate total flow by inte-
grating a varying flow rate or by deter-
mining the mean of a constant flow 
rate, as follows: 

(i) Varying flow rate. If you propor-
tionally collect a batch sample from a 
varying exhaust flow rate, integrate 
the flow rate over the test interval to 
determine the total flow from which 

you extracted the proportional sample, 
as described in paragraph (h)(2)(i) of 
this section. 

(ii) Constant flow rate. If you batch 
sample from a constant exhaust flow 
rate, extract a sample at a propor-
tional or constant flow rate and cal-
culate V[flow] from the flow from which 
you extract the sample by multiplying 
the mean flow rate by the time of the 
test interval using the following equa-
tion: 

Example:  
Q
Ô

CVS = 0.338 m3/s 
Dt = 505 s 
VCVS = 0.338·505 
VCVS = 170.69 m3 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9121, Feb. 19, 2015; 81 FR 74203, Oct. 25, 
2016] 

§ 1066.610 Dilution air background 
correction. 

(a) Correct the emissions in a gaseous 
sample for background using the fol-
lowing equation: 

Where: 
x[emission]dexh = measured emission concentra-

tion in dilute exhaust (after dry-to-wet 
correction, if applicable). 

x[emission]bkgnd = measured emission concentra-
tion in the dilution air (after dry-to-wet 
correction, if applicable). 

DF = dilution factor, as determined in para-
graph (b) of this section. 
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Where: 

xCO2 = amount of CO2 measured in the sample 
over the test interval. 

xNMHC = amount of C1-equivalent NMHC 
measured in the sample over the test in-
terval. 

xCH4 = amount of CH4 measured in the sample 
over the test interval. 

xCO = amount of CO measured in the sample 
over the test interval. 

α = atomic hydrogen-to-carbon ratio of the 
test fuel. You may measure α or use de-
fault values from Table 1 of 40 CFR 
1065.655. 

β = atomic oxygen-to-carbon ratio of the test 
fuel. You may measure β or use default 
values from Table 1 of 40 CFR 1065.655. 
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(c) Determine the dilution factor, DF, 
over the test interval for partial-flow 

dilution sample systems using the fol-
lowing equation: 

Where: 

Vdexhstd = total dilute exhaust volume sam-
pled over the test interval, corrected to 
standard reference conditions. 

Vexhstd = total exhaust volume sampled from 
the vehicle, corrected to standard reference 
conditions. 
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(d) Determine the time-weighted di-
lution factor, DFw, over the duty cycle 
using the following equation: 

Where: 

N = number of test intervals. 
i = test interval number 

t = duration of the test interval. 
DF = dilution factor over the test interval. 

Example: 

§ 1066.615 NOX intake-air humidity 
correction. 

You may correct NOX emissions for 
intake-air humidity as described in 
this section if the standard-setting 
part allows it. See § 1066.605(c) for the 

proper sequence for applying the NOX 
intake-air humidity correction. 

(a) For vehicles at or below 14,000 
pounds GVWR, apply a correction for 
vehicles with reciprocating engines op-
erating over specific test cycles as fol-
lows: 
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(1) Calculate a humidity correction 
using a time-weighted mean value for 
ambient humidity over the test inter-

val. Calculate absolute ambient humid-
ity, H, using the following equation: 

Where: 
MH2O = molar mass of H2O. 
pd = saturated vapor pressure at the ambient 

dry bulb temperature. 
RH = relative humidity of ambient air 
Mair = molar mass of air. 
patmos = atmospheric pressure. 

Example:  
MH2O = 18.01528 g/mol 
pd = 2.93 kPa 
RH = 37.5% = 0.375 
Mair = 28.96559 g/mol 
patmos = 96.71 kPa 

(2) Use the following equation to cor-
rect measured concentrations to a ref-
erence condition of 10.71 grams H2O 

vapor per kilogram of dry air for the 
FTP, US06, LA–92, SC03, and HFET test 
cycles: 

Where: 
cNOx = measured NOX emission concentration 

in the sample, after dry-to-wet and back-
ground corrections. 

Hs = humidity scale. Set = 1 for FTP, US06, 
LA–92, and HFET test cycles. Set = 0.8825 
for the SC03 test cycle. 

H = ambient humidity, as determined in 
paragraph (a)(1) of this section. 

Example:  
H = 7.14741 g H2O vapor/kg dry air time 

weighted over the FTP test cycle 
cNOx = 1.21 ppm 
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(b) For vehicles above 14,000 pounds 
GVWR, apply correction factors as de-
scribed in 40 CFR 1065.670. 

[80 FR 9121, Feb. 19, 2015, as amended at 81 
FR 74207, Oct. 25, 2016] 

§ 1066.620 Removed water correction. 
Correct for removed water if water 

removal occurs upstream of a con-
centration measurement and down-
stream of a flow meter used to deter-
mine mass emissions over a test inter-
val. Perform this correction based on 
the amount of water at the concentra-
tion measurement and on the amount 
of water at the flow meter. 

§ 1066.625 Flow meter calibration cal-
culations. 

This section describes the calcula-
tions for calibrating various flow me-
ters based on mass flow rates. Cali-
brate your flow meter according to 40 
CFR 1065.640 instead if you calculate 
emissions based on molar flow rates. 

(a) PDP calibration. Perform the fol-
lowing steps to calibrate a PDP flow 
meter: 

(1) Calculate PDP volume pumped 
per revolution, Vrev, for each restrictor 
position from the mean values deter-
mined in § 1066.140: 

Where: 

V
Ô

ref = mean flow rate of the reference flow 
meter. 

Tin = mean temperature at the PDP inlet. 
pstd = standard pressure = 101.325 kPa. 
f̄nPDP = mean PDP speed. 
Pin = mean static absolute pressure at the 

PDP inlet. 

Tstd = standard temperature = 293.15 K. 

Example:  
V
Ô

ref = 0.1651 m3/s 
Tin = 299.5 K 
pstd = 101.325 kPa 
f̄nPDP = 1205.1 r/min = 20.085 r/s 
Pin = 98.290 kPa 
Tstd = 293.15 K 

Vrev = 0.00866 m3/r 
(2) Calculate a PDP slip correction 

factor, Ks for each restrictor position 

from the mean values determined in 
§ 1066.140: 

Where: 

f̄mPDP = mean PDP speed. 

p̄out = mean static absolute pressure at the 
PDP outlet. 
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p̄in = mean static absolute pressure at the 
PDP inlet. 

(3) Perform a least-squares regression 
of Vrev, versus Ks, by calculating slope, 
a1, and intercept, a0, as described in 40 
CFR 1065.602. 

(4) Repeat the procedure in para-
graphs (a)(1) through (3) of this section 
for every speed that you run your PDP. 

(5) The following example illustrates 
a range of typical values for different 
PDP speeds: 

TABLE 1 OF § 1066.625—EXAMPLE OF PDP 
CALIBRATION DATA 

f̄nPDP 
(revolution/s) 

a1 
(m3/s) 

a0 
(m3/revolution) 

12.6 .................................... 0.841 0.056 
16.5 .................................... 0.831 ¥0.013 
20.9 .................................... 0.809 0.028 
23.4 .................................... 0.788 ¥0.061 

(6) For each speed at which you oper-
ate the PDP, use the appropriate re-
gression equation from this paragraph 
(a) to calculate flow rate during emis-
sion testing as described in § 1066.630. 

(b) SSV calibration. The equations 
governing SSV flow assume one-dimen-

sional isentropic inviscid flow of an 
ideal gas. Paragraph (b)(2)(iv) of this 
section describes other assumptions 
that may apply. If good engineering 
judgment dictates that you account for 
gas compressibility, you may either 
use an appropriate equation of state to 
determine values of Z as a function of 
measured pressure and temperature, or 
you may develop your own calibration 
equations based on good engineering 
judgment. Note that the equation for 
the flow coefficient, Cf, is based on the 
ideal gas assumption that the 
isentropic exponent, γ, is equal to the 
ratio of specific heats, Cp/Cv. If good en-
gineering judgment dictates using a 
real gas isentropic exponent, you may 
either use an appropriate equation of 
state to determine values of γ as a func-
tion of measured pressure and tempera-
ture, or you may develop your own 
calibration equations based on good en-
gineering judgment. 

(1) Calculate volume flow rate at 
standard reference conditions, V

Ô

std, as 
follows 
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Where: 

Cd = discharge coefficient, as determined in 
paragraph (b)(2)(i) of this section. 

Cf = flow coefficient, as determined in para-
graph (b)(2)(ii) of this section. 

At = cross-sectional area at the venturi 
throat. 

R = molar gas constant. 
pin = static absolute pressure at the venturi 

inlet. 
Tstd = standard temperature. 

pstd = standard pressure. 
Z = compressibility factor. 
Mmix = molar mass of gas mixture. 
Tin = absolute temperature at the venturi 

inlet. 

(2) Perform the following steps to 
calibrate an SSV flow meter: 

(i) Using the data collected in 
§ 1066.140, calculate Cd for each flow 
rate using the following equation: 

Where: 

V
Ô

ref = measured volume flow rate from the 
reference flow meter. 

(ii) Use the following equation to cal-
culate Cf for each flow rate: 

Where: 
γ = isentropic exponent. For an ideal gas, 

this is the ratio of specific heats of the 
gas mixture, Cp/Cv. 

r = pressure ratio, as determined in para-
graph (b)(2)(iii) of this section. 

β = ratio of venturi throat diameter to inlet 
diameter. 

(iii) Calculate r using the following 
equation: 
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Where: 
Dp = differential static pressure, calculated 

as venturi inlet pressure minus venturi 
throat pressure. 

(iv) You may apply any of the fol-
lowing simplifying assumptions or de-
velop other values as appropriate for 
your test configuration, consistent 
with good engineering judgment: 

(A) For raw exhaust, diluted exhaust, 
and dilution air, you may assume that 

the gas mixture behaves as an ideal gas 
(Z = 1). 

(B) For raw exhaust, you may assume 
γ = 1.385. 

(C) For diluted exhaust and dilution 
air, you may assume γ = 1.399. 

(D) For diluted exhaust and dilution 
air, you may assume the molar mass of 
the mixture, Mmix, is a function only of 
the amount of water in the dilution air 
or calibration air, as follows: 

Where: 
Mair = molar mass of dry air.xH2O = amount of 

H2O in the dilution air or calibration air, 
determined as described in 40 CFR 
1065.645. 

MH2O = molar mass of water. 
Example:  

Mair = 28.96559 g/mol 
xH2O = 0.0169 mol/mol 
MH2O = 18.01528 g/mol 

Mmix = 28.96559 · (1 ¥ 0.0169) + 18.01528 · 0.0169 
Mmix = 28.7805 g/mol 

(E) For diluted exhaust and dilution 
air, you may assume a constant molar 
mass of the mixture, Mmix, for all cali-
bration and all testing if you control 
the amount of water in dilution air and 
in calibration air, as illustrated in the 
following table: 

TABLE 2 OF § 1066.625—EXAMPLES OF DILUTION AIR AND CALIBRATION AIR DEWPOINTS AT WHICH 
YOU MAY ASSUME A CONSTANT Mmix 

If calibration Tdew ( °C) is . . . assume the following 
constant Mmix (g/mol) . . . 

for the following ranges of Tdew 
( °C) during emission tests a 

≤0 ............................................................................................... 28.96559 ≤18 
0 ................................................................................................. 28.89263 ≤21 
5 ................................................................................................. 28.86148 ≤22 
10 ............................................................................................... 28.81911 ≤24 
15 ............................................................................................... 28.76224 ≤26 
20 ............................................................................................... 28.68685 ¥8 to 28 
25 ............................................................................................... 28.58806 12 to 31 
30 ............................................................................................... 28.46005 23 to 34 

a The specified ranges are valid for all calibration and emission testing over the atmospheric pressure range (80.000 to 
103.325) kPa. 

(v) The following example illustrates 
the use of the governing equations to 
calculate Cd of an SSV flow meter at 
one reference flow meter value: 

V
Ô

ref = 2.395 m3/s 
Z = 1 
Mmix = 28.7805 g/mol = 0.0287805 kg/mol 
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R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 
(s2·mol·K) 

Tin = 298.15 K 
At = 0.01824 m2 

pin = 99.132 kPa = 99132 Pa = 99132 kg/ 
(m·s2) 

γ = 1.399 
β = 0.8 
Δp = 7.653 kPa 

Cf = 0.472 

Cd = 0.985 
(vi) Calculate the Reynolds number, 

Re#, for each reference flow rate at 
standard conditions, V

Ô

refstd, using the 
throat diameter of the venturi, dt, and 
the air density at standard conditions, 
ρstd. Because the dynamic viscosity, μ, 
is needed to compute Re#, you may use 

your own fluid viscosity model to de-
termine μ for your calibration gas (usu-
ally air), using good engineering judg-
ment. Alternatively, you may use the 
Sutherland three-coefficient viscosity 
model to approximate μ, as shown in 
the following sample calculation for 
Re#: 

Where, using the Sutherland three- 
coefficient viscosity model: 
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Where: 

μ0 = Sutherland reference viscosity. 

T0 = Sutherland reference temperature. 
S = Sutherland constant. 

TABLE 3 OF § 1066.625—SUTHERLAND THREE-COEFFICIENT VISCOSITY MODEL PARAMETERS 

Gas 1 

μ0 T0 S Temperature range 
within ±2% error 2 

Pressure limit 2 

kg/(m·s) K K K kPa 

Air ........................... 1.716·10¥5 ........... 273 ........................ 111 ........................ 170 to 1900 .......... ≤1800. 
CO2 ........................ 1.370·10¥5 ........... 273 ........................ 222 ........................ 190 to 1700 .......... ≤3600. 
H2O ........................ 1.12·10¥5 ............. 350 ........................ 1064 ...................... 360 to 1500 .......... ≤10000. 
O2 ........................... 1.919·10¥5 ........... 273 ........................ 139 ........................ 190 to 2000 .......... ≤2500. 
N2 ........................... 1.663·10¥5 ........... 273 ........................ 107 ........................ 100 to 1500 .......... ≤1600. 

1 Use tabulated parameters only for the pure gases, as listed. Do not combine parameters in calculations to calculate viscos-
ities of gas mixtures. 

2 The model results are valid only for ambient conditions in the specified ranges. 

Example:  
μ0 = 1.716·10¥5 kg/(m·s) 

T0 = 273 K 
S = 111 K 

Tin = 298.15 K 
dt = 152.4 mm = 0.1524 m 

ρstd = 1.1509 kg/m3 

Re# = 1.3027·106 
(vii) Calculate ρ using the following 

equation: 
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Example:  

rstd = 1.1964 kg/m 3 
(viii) Create an equation for Cd as a 

function of Re#, using paired values of 
the two quantities. The equation may 
involve any mathematical expression, 

including a polynomial or a power se-
ries. The following equation is an ex-
ample of a commonly used mathe-
matical expression for relating Cd and 
Re#: 

(ix) Perform a least-squares regres-
sion analysis to determine the best-fit 
coefficients for the equation and cal-
culate SEE as described in 40 CFR 
1065.602. 

(x) If the equation meets the cri-
terion of SEE ≤0.5% · Cdmax, you may use 
the equation for the corresponding 
range of Re#, as described in 
§ 1066.630(b). 

(xi) If the equation does not meet the 
specified statistical criteria, you may 
use good engineering judgment to omit 
calibration data points; however, you 
must use at least seven calibration 
data points to demonstrate that you 
meet the criterion. For example, this 
may involve narrowing the range of 
flow rates for a better curve fit. 

(xii) Take corrective action if the 
equation does not meet the specified 
statistical criterion even after omit-
ting calibration data points. For exam-
ple, select another mathematical ex-
pression for the Cd versus Re# equation, 
check for leaks, or repeat the calibra-
tion process. If you must repeat the 
calibration process, we recommend ap-

plying tighter tolerances to measure-
ments and allowing more time for 
flows to stabilize. 

(xiii) Once you have an equation that 
meets the specified statistical cri-
terion, you may use the equation only 
for the corresponding range of Rei. 

(c) CFV calibration. Some CFV flow 
meters consist of a single venturi and 
some consist of multiple venturis 
where different combinations of 
venturis are used to meter different 
flow rates. For CFV flow meters that 
consist of multiple venturis, either 
calibrate each venturi independently 
to determine a separate calibration co-
efficient, Kv, for each venturi, or cali-
brate each combination of venturis as 
one venturi by determining Kv for the 
system. 

(1) To determine Kv for a single ven-
turi or a combination of venturis, per-
form the following steps: 

(i) Calculate an individual Kv for 
each calibration set point for each 
restrictor position using the following 
equation: 
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Where: 
V
Ô

refstd= mean flow rate from the reference 
flow meter, corrected to standard ref-
erence conditions. 

T̄in= mean temperature at the venturi inlet. 
P̄in= mean static absolute pressure at the 

venturi inlet. 

(ii) Calculate the mean and standard 
deviation of all the Kv values (see 40 
CFR 1065.602). Verify choked flow by 
plotting Kv as a function of pin. Kv will 
have a relatively constant value for 
choked flow; as vacuum pressure in-

creases, the venturi will become 
unchoked and Kv will decrease. Para-
graphs (c)(1)(iii) through (viii) of this 
section describe how to verify your 
range of choked flow. 

(iii) If the standard deviation of all 
the Kv values is less than or equal to 
0.3% of the mean Kv, use the mean Kv 
in Eq. 1066.630–7, and use the CFV only 
up to the highest venturi pressure 
ratio, r, measured during calibration 
using the following equation: 

Where: 

DpCFV = differential static pressure; venturi 
inlet minus venturi outlet. 

pin = mean static absolute pressure at the 
venturi inlet. 

(iv) If the standard deviation of all 
the Kv values exceeds 0.3% of the mean 
Kv, omit the Kv value corresponding to 
the data point collected at the highest 
r measured during calibration. 

(v) If the number of remaining data 
points is less than seven, take correc-
tive action by checking your calibra-
tion data or repeating the calibration 
process. If you repeat the calibration 
process, we recommend checking for 
leaks, applying tighter tolerances to 
measurements and allowing more time 
for flows to stabilize. 

(vi) If the number of remaining Kv 
values is seven or greater, recalculate 
the mean and standard deviation of the 
remaining Kv values. 

(vii) If the standard deviation of the 
remaining Kv values is less than or 

equal to 0.3% of the mean of the re-
maining Kv, use that mean Kv in Eq 
1066.630–7, and use the CFV values only 
up to the highest r associated with the 
remaining Kv. 

(viii) If the standard deviation of the 
remaining Kv still exceeds 0.3% of the 
mean of the remaining Kv values, re-
peat the steps in paragraph (c)(1)(iv) 
through (vii) of this section. 

(2) During exhaust emission tests, 
monitor sonic flow in the CFV by mon-
itoring r. Based on the calibration data 
selected to meet the standard deviation 
criterion in paragraphs (c)(1)(iv) and 
(vii) of this section, in which Kv is con-
stant, select the data values associated 
with the calibration point with the 
lowest absolute venturi inlet pressure 
to determine the r limit. Calculate r 
during the exhaust emission test using 
Eq. 1066.625–8 to demonstrate that the 
value of r during all emission tests is 
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less than or equal to the r limit derived 
from the CFV calibration data. 

[79 FR 23823, Apr. 28, 2016, as amended at 81 
FR 74208, Oct. 25, 2016] 

§ 1066.630 PDP, SSV, and CFV flow 
rate calculations. 

This section describes the equations 
for calculating flow rates from various 
flow meters. After you calibrate a flow 
meter according to § 1066.625, use the 

calculations described in this section 
to calculate flow during an emission 
test. Calculate flow according to 40 
CFR 1065.642 instead if you calculate 
emissions based on molar flow rates. 

(a) PDP. (1) Based on the speed at 
which you operate the PDP for a test 
interval, select the corresponding 
slope, a1, and intercept, a0, as deter-
mined in § 1066.625(a), to calculate PDP 
flow rate, v̇, as follows: 

Where: 
fnPDP = pump speed. 
Vrev = PDP volume pumped per revolution, as 

determined in paragraph (a)(2) of this 
section. 

Tstd = standard temperature = 293.15 K. 

pin = static absolute pressure at the PDP 
inlet. 

Tin = absolute temperature at the PDP inlet. 
pstd = standard pressure = 101.325 kPa. 

(2) Calculate Vrev using the following equa-
tion: 

pout = static absolute pressure at the PDP 
outlet. 

Example:  
a1 = 0.8405 m 3/s 

fnPDP = 12.58 r/s 
pout = 99.950 kPa 
pin = 98.575 kPa 
a0 = 0.056 m 3/r 
Tin = 323.5 K 

Vrev = 0.063 m3/r 
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v̇= 0.7079 m3/s 
(b) SSV. Calculate SSV flow rate, v̇, 

as follows: 

Where: 
Cd = discharge coefficient, as determined 

based on the Cd versus Rel equation in 
§ 1066.625(b)(2)(viii). 

Cf = flow coefficient, as determined in 
§ 1066.625(b)(2)(ii). 

At = venturi throat cross-sectional area. 
R = molar gas constant. 
pin = static absolute pressure at the venturi 

inlet. 
Tstd = standard temperature. 
pstd = standard pressure. 
Z = compressibility factor. 
Mmix = molar mass of gas mixture. 

Tin = absolute temperature at the venturi 
inlet. 

Example:  
Cd = 0.890 
Cf = 0.472 
At = 0.01824 m2 
R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 

(s2·mol·K) 
pin = 98.496 kPa 
Tstd = 293.15 K 
pstd = 101.325 kPa 
Z = 1 
Mmix = 28.7789 g/mol = 0.0287789 kg/mol 
Tin = 296.85 K 

V̇ = 2.155 m3/s 
(c) CFV. If you use multiple venturis 

and you calibrated each venturi inde-
pendently to determine a separate cali-
bration coefficient, Kv, for each ven-
turi, calculate the individual volume 
flow rates through each venturi and 
sum all their flow rates to determine 
CFV flow rate, V̇. If you use multiple 

venturis and you calibrated venturis in 
combination, calculate V̇ using the Kv 
that was determined for that combina-
tion of venturis. 

(1) To calculate V̇ through one ven-
turi or a combination of venturis, use 
the mean Kv you determined in 
§ 1066.625(c) and calculate V̇ as follows: 

Where: 

Kv = flow meter calibration coefficient. 
Tin = temperature at the venturi inlet. 
pin = absolute static pressure at the venturi 

inlet. 

Example:  
Kv = 0.074954 m3·K0.5/(kPa·s) 
pin = 99.654 kPa 
Tin = 353.15 K 
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V̇= 0.39748 m3/s 
(2) [Reserved] 

[81 FR 74211, Oct. 25, 2016] 

§ 1066.635 NMOG determination. 
For vehicles subject to an NMOG 

standard, determine NMOG as de-
scribed in paragraph (a) of this section. 
Except as specified in the standard-set-
ting part, you may alternatively cal-
culate NMOG results based on meas-
ured NMHC emissions as described in 
paragraphs (c) through (f) of this sec-
tion. 

(a) Determine NMOG by independ-
ently measuring alcohols and 
carbonyls as described in 40 CFR 
1065.805 and 1065.845. Use good engineer-
ing judgment to determine which alco-
hols and carbonyls you need to meas-
ure. This would typically require you 
to measure all alcohols and carbonyls 
that you expect to contribute 1% or 
more of total NMOG. Calculate the 
mass of NMOG in the exhaust, mNMOG, 
with the following equation, using den-
sity values specified in § 1066.1005(f): 

Where: 

mNMHC = the mass of NMHC and all 
oxygenated hydrocarbon (OHC) in the ex-
haust, as determined using Eq. 1066.605–2. 
Calculate NMHC mass based on rNMHC. 

ρNMHC = the effective C1-equivalent density of 
NMHC as specified in § 1066.1005(f). 

mOHCi = the mass of oxygenated species i in 
the exhaust calculated using Eq. 1066.605–2. 

ρOCHi = the C1-equivalent density of 
oxygenated species i. 

RFOHCi[THC-FID] = the response factor of a THC- 
FID to oxygenated species i relative to pro-
pane on a C1-equivalent basis as deter-
mined in 40 CFR 1065.845. 

(b) The following example shows how 
to determine NMOG as described in 
paragraph (a) of this section for (OHC) 

compounds including ethanol (C2H5OH), 
methanol (CH3OH), acetaldehyde 
(C2H4O), and formaldehyde (CH2O) as 
C1-equivalent concentrations: 

mNMHC = 0.0125 g 
mCH3OH = 0.0002 g 
mC2H5OH = 0.0009 g 
mCH2O = 0.0001 g 
mC2H4O = 0.00005 g 
RFCH3OH[THC-FID] = 0.63 
RFC2H5OH[THC-FID] = 0.75 
RFCH2O[THC-FID] = 0.00 
RFC2H4O[THC-FID] = 0.50 
ρNMHC-liq = 576.816 g/m3 
ρCH3OH = 1332.02 g/m3 
ρC2H5OH = 957.559 g/m3 
ρCH2O = 1248.21 g/m3 
ρC2H4O = 915.658 g/m3 
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(c) For gasoline containing less than 
25% ethanol by volume, you may cal-
culate NMOG from measured NMHC 
emissions as follows: 

(1) For hot-start and hot-running test 
cycles or intervals other than the FTP, 
you may determine NMOG based on the 
NMHC emission rate using the fol-
lowing equation: 

Where: 
eNMOGh = mass emission rate of NMOG from 

the hot-running test cycle. 
eNMHCh = mass emission rate of NMHC from 

the hot-running test cycle, calculated 
using ρNMHC-liq. 

Example: 

eNMHCh = 0.025 g/mi 

eNMOGh = 0.025 · 1.03 = 0.026 g/mi 

(2) You may determine weighted 
composite NMOG for FTP testing based 
on the weighted composite NMHC 
emission rate and the volume percent 
of ethanol in the fuel using the fol-
lowing equation: 

Where: 
eNMOGcomp = weighted FTP composite mass 

emission rate of NMOG. 
eNMHCcomp = weighted FTP composite mass 

emission rate of NMHC, calculated using 
ρNMHC-liq. 

VPEtOH = volume percentage of ethanol in the 
test fuel. Use good engineering judgment 
to determine this value either as speci-
fied in 40 CFR 1065.710 or based on blend-
ing volumes, taking into account any de-
naturant. 

Example: 

eNMHCcomp = 0.025 g/mi 
VPEtOH = 10.1% 
eNMOGcomp = 0.025 · (1.0302 + 0.0071 · 10.1) = 

0.0275 g/mi 

(3) You may determine NMOG for the 
transient portion of the FTP cold-start 
test for use in fuel economy and CREE 
calculations based on the NMHC emis-
sion rate for the test interval and the 
volume percent of ethanol in the fuel 
using the following equation: 
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Where: 

eNMOG–FTPct = mass emission rate of NMOG 
from the transient portion of the FTP 
cold-start test (generally known as bag 
1). 

eNMHC–FTPct = mass emission rate of NMHC 
from the transient portion of the FTP 
cold-start test (bag 1), calculated using 
ρNMHC-liq. 

Example: 

eNMHC–FTPct = 0.052 g/mi 
VPEtOH = 10.1% 

eNMOG–FTPct = 0.052 · (1.0246 + 0.0079 · 10.1) = 
0.0574 g/mi 

(4) You may determine NMOG for the 
stabilized portion of the FTP test for 
either the cold-start test or the hot- 
start test (bag 2 or bag 4) for use in fuel 
economy and CREE calculations based 
on the corresponding NMHC emission 
rate and the volume percent of ethanol 
in the fuel using the following equa-
tion: 

Where: 

eNMOG–FTPcs-hs = mass emission rate of NMOG 
from the stabilized portion of the FTP 
test (bag 2 or bag 4). 

eNMHC–FTPcs-hs = mass emission rate of NMHC 
from the stabilized portion of the FTP 
test (bag 2 or bag 4), calculated using 
ρNMHC-liq. 

(5) You may determine NMOG for the 
transient portion of the FTP hot-start 
test for use in fuel economy and CREE 
calculations based on the NMHC emis-
sion rate for the test interval and the 
volume percent of ethanol in the fuel 
using the following equation: 

Where: 

eNMOG–FTPht = mass emission rate of NMOG 
from the transient portion of the FTP 
hot-start test (bag 3). 

eNMHC–FTPht = mass emission rate of NMHC 
from the transient portion of the FTP 
hot-start test (bag 3), calculated using 
ρNMHC-liq. 

(6) For PHEVs, you may determine 
NMOG based on testing over one full 
UDDS using Eq. 1066.635–3. 

(d) You may take the following alter-
native steps when determining fuel 
economy and CREE under 40 CFR part 

600 for testing with ethanol-gasoline 
blends that have up to 25% ethanol by 
volume: 

(1) Calculate NMOG by test interval 
using Eq. 1066.635–3 for individual bag 
measurements from the FTP. 

(2) For HEVs, calculate NMOG for 
two-bag FTPs using Eq. 1066.635–3 as 
described in 40 CFR 600.114. 

(e) We consider NMOG values for die-
sel-fueled vehicles, CNG-fueled vehi-
cles, LNG-fueled vehicles, and LPG- 
fueled vehicles to be equivalent to 
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NMHC emission values for all test cy-
cles. 

(f) For all fuels not covered by para-
graphs (c) and (e) of this section, manu-
facturers may propose a methodology 
to calculate NMOG results from meas-
ured NMHC emissions. We will approve 
adjustments based on comparative 
testing that demonstrates how to prop-
erly represent NMOG based on meas-
ured NMHC emissions. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9122, Feb. 19, 2015; 81 FR 74212, Oct. 25, 
2016] 

§ 1066.695 Data requirements. 

Record information for each test as 
follows: 

(a) Test number. 
(b) A brief description of the test ve-

hicle (or other system/device tested). 
(c) Date and time of day for each part 

of the test sequence. 
(d) Test results. Also include a vali-

dation of driver accuracy as described 
in § 1066.425(j). 

(e) Driver and equipment operators. 
(f) Vehicle information as applicable, 

including identification number, model 
year, applicable emission standards 
(including bin standards or family 
emission limits, as applicable), vehicle 
model, vehicle class, test group, dura-
bility group, engine family, evapo-
rative/refueling emission family, basic 
engine description (including displace-
ment, number of cylinders, turbo-
charger/supercharger used, and cata-
lyst type), fuel system (type of fuel in-
jection and fuel tank capacity and lo-
cation), engine code, GVWR, applicable 
test weight, inertia weight class, ac-
tual curb weight at zero miles, actual 
road load at 50 mi/hr, transmission 
class and configuration, axle ratio, 
odometer reading, idle rpm, and meas-
ured drive wheel tire pressure. 

(g) Dynamometer identification, in-
ertia weight setting, indicated power 
absorption setting, and records to 
verify compliance with the driving dis-
tance and cycle-validation criteria as 
calculated from measured roll or shaft 
revolutions. 

(h) Analyzer bench identification, an-
alyzer ranges, recordings of analyzer 
output during zero, span, and sample 
readings. 

(i) Associate the following informa-
tion with the test record: test number, 
date, vehicle identification, vehicle and 
equipment operators, and identifica-
tion of the measurements recorded. 

(j) Test cell barometric pressure and 
humidity. You may use a central lab-
oratory barometer if the barometric 
pressure in each test cell is shown to be 
within ±0.1% of the barometric pres-
sure at the central barometer location. 

(k) Records to verify compliance 
with the ambient temperature require-
ments throughout the test procedure 
and records of fuel temperatures during 
the running loss test. 

(l) [Reserved] 
(m) For CVS systems, record dilution 

factor for each test interval and the 
following additional information: 

(1) For CFV and SSV testing, Vmix for 
each interval of the exhaust test. 

(2) For PDP testing, test measure-
ments required to calculate Vmix for 
each test interval. 

(n) The humidity of the dilution air, 
if you remove H2O from an emission 
sample before measurement. 

(o) Temperature of the dilute exhaust 
mixture and secondary dilution air (in 
the case of a double-dilution system) at 
the inlet to the respective gas meter or 
flow instrumentation used for PM sam-
pling. Determine minimum values, 
maximum values, mean values, and 
percent of time outside of the toler-
ance over each test interval. 

(p) The maximum exhaust gas tem-
perature over the course of the test in-
terval within 20 cm upstream or down-
stream of PM sample media. 

(q) If applicable, the temperatures of 
the heated FID, the gas in the heated 
sample line, and the heated filter. De-
termine minimum values, maximum 
values, average values, and percent of 
time outside of the tolerance over each 
test interval. 

(r) Gas meter or flow measurement 
instrumentation readings used for 
batch sampling over each test interval. 
Determine minimum, maximum, and 
average values over each test interval. 

(s) The stabilized pre-test weight and 
post-test weight of each particulate 
sample media (e.g., filter). 

(t) Continuous temperature and hu-
midity of the ambient air in which the 
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PM sample media are stabilized. Deter-
mine minimum values, maximum val-
ues, average values, and percent of 
time outside of the tolerance over each 
test interval. 

(u) For vehicles fueled by natural 
gas, the test fuel composition, includ-
ing all carbon-containing compounds 
(including CO2, but excluding CO). 
Record C1 and C2 compounds individ-
ually. You may record C3 through C5 
hydrocarbons together, and you may 
record C6 and heavier hydrocarbon 
compounds together. 

(v) For vehicles fueled by liquefied 
petroleum gas, the test fuel composi-
tion, including all carbon-containing 
compounds (including CO2, but exclud-
ing CO). Record C1 through C4 com-
pounds individually. You may record C5 
and heavier hydrocarbons together. 

(w) For the AC17 test in § 1066.845, in-
terior volume, climate control system 
type and characteristics, refrigerant 
used, compressor type, and evaporator/ 
condenser characteristics. 

(x) Additional information related to 
evaporative emissions. [Reserved] 

(y) Additional information related to 
refueling emissions. [Reserved] 

[[79 FR 23823, Apr. 28, 2016, as amended at 81 
FR 74213, Oct. 25, 2016] 

Subpart H—Cold Temperature Test 
Procedures 

§ 1066.701 Applicability and general 
provisions. 

(a) The procedures of this part 1066 
may be used for testing at any ambient 
temperature. Section 1066.710 describes 
the provisions that apply for testing 
vehicles at a nominal temperature of 
¥7 °C (20 °F); these procedures apply 
for motor vehicles as described in 40 
CFR part 86, subpart S, and 40 CFR 
part 600. For other vehicles, see the 
standard-setting part to determine if 
your vehicle is required to meet emis-
sion standards outside the normal (20 
to 30) °C ((68 to 86) °F) temperature 
range. 

(b) Do not apply the humidity correc-
tion factor in § 1066.615(a) for cold tem-
perature testing. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9122, Feb. 19, 2015] 

§ 1066.710 Cold temperature testing 
procedures for measuring CO and 
NMHC emissions and determining 
fuel economy. 

This section describes procedures for 
measuring carbon monoxide (CO) and 
nonmethane hydrocarbon (NMHC) 
emissions and determining fuel econ-
omy on a cold day using the FTP test 
cycle (see § 1066.801). The following fig-
ure illustrates the test procedure: 
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(a) Follow the exhaust emission 
measurement procedures specified in 
§§ 1066.410 through 1066.425 and 

§ 1066.815(d), subject to the following ex-
ceptions and additional provisions: 
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(1) Measure and control ambient con-
ditions as specified in paragraph (b) of 
this section. 

(2) Use the vehicle’s heater and de-
froster as specified in paragraph (c) of 
this section. 

(3) Precondition and stabilize the ve-
hicle as specified in paragraphs (d) and 
(e) of this section. Ensure that there is 
no precipitation or dew on the vehicle 
before the emission test. 

(4) For dynamometers that have 
independently heated bearings, start 
the emission test within 20 minutes 
after warming up the dynamometer; 
for other types of dynamometers, start 
the emission test within 10 minutes 
after warming up the dynamometer. 

(5) Adjust the dynamometer to simu-
late vehicle operation on the road at 
¥7 °C as described in § 1066.305(b). 

(6) Analyze samples for NMHC, CO, 
and CO2. You do not need to analyze 
samples for other pollutants. 

(b) Maintain ambient conditions as 
follows instead of following the speci-
fications in subpart E of this part: 

(1) Ambient temperature for emission 
tests. Measure and record ambient tem-
perature in the test cell at least once 
every 60 seconds during the sampling 
period. The temperature must be (¥7.0 
±1.7) °C at the start of the test and av-
erage temperature must be (¥7.0 ±2.8) 
°C during the test. Instantaneous tem-
perature values may be above ¥4.0 °C 
or below ¥9.0 °C, but not for more than 
3 minutes at a time during the test. 

(2) Ambient temperature for precondi-
tioning. Instantaneous ambient tem-
perature values may be above ¥4.0 °C 
or below ¥9.0 °C but not for more than 
3 minutes at a time during the pre-
conditioning period. At no time may 
the ambient temperatures be below 
¥12.0 °C or above ¥1.0 °C. The average 
ambient temperature during precondi-
tioning must be (¥7.0 ±2.8) °C. You may 
precondition vehicles at temperatures 
above ¥7.0 °C or with a temperature 
tolerance greater than that described 
in this section (or both) if you deter-
mine that this will not cause NMHC, 
CO, or CO2 emissions to decrease; if you 
modify the temperature specifications 
for vehicle preconditioning, adjust the 
procedures described in this section ap-
propriately for your testing. 

(3) Ambient humidity. Maintain hu-
midity low enough to prevent con-
densation on the dynamometer rolls 
during testing. 

(c) Heater and defroster. During the 
test, operate the vehicle’s interior cli-
mate control system with the heat on 
and set to primarily defrost the front 
window. Turn air conditioning off. You 
may not use any supplemental auxil-
iary heat during this testing. You may 
set the heater to any temperature and 
fan setting during vehicle precondi-
tioning. 

(1) Manual control. Unless you rely on 
automatic control as specified in para-
graph (c)(2) of this section, take the 
following steps to control heater set-
tings: 

(i) Set the climate control system as 
follows before the first acceleration (t 
= 20 s), or before starting the vehicle if 
the climate control system allows it: 

(A) Temperature. Set controls to max-
imum heat. For automatic control sys-
tems running in manual mode, set the 
heater control to 72 °F or higher. 

(B) Fan speed. Set the fan speed to 
full off or the lowest available speed if 
a full off position is not available. 

(C) Airflow direction. Direct airflow to 
the front window (window defrost 
mode). 

(D) Air source. If independently con-
trollable, set the system to draw in 
outside air. 

(ii) At the second idle of the test 
cycle, which occurs 125 seconds after 
the start of the test, set the fan speed 
to maximum. Complete by 130 seconds 
after the start of the test. Leave tem-
perature and air source settings un-
changed. 

(iii) At the sixth idle of the test in-
terval, which occurs at the decelera-
tion to zero miles per hour 505 seconds 
after the start of the test, set the fan 
speed to the lowest setting that main-
tains air flow. Complete these changes 
by 510 seconds after the start of the 
test. You may use different vent and 
fan speed settings for the remainder of 
the test. Leave the temperature and air 
source settings unchanged. 
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(2) Automatic control. For vehicles 
with automatic control systems run-
ning in automatic mode, set the tem-
perature to 72 °F and the air flow con-
trol to the front window defrost mode 
for the whole test. 

(3) Multiple-zone systems. For vehicles 
that have separate driver and pas-
senger controls or separate front and 
rear controls, you must set all tem-
perature and fan controls as described 
in paragraphs (c)(1) and (2) of this sec-
tion, except that rear controls need not 
be set to defrost the front window. 

(4) Alternative test procedures. We may 
approve the use of other settings under 
40 CFR 86.1840 if a vehicle’s climate 
control system is not compatible with 
the provisions of this section. 

(d) Take the following steps to pre-
pare and precondition vehicles for test-
ing under this section: 

(1) Prepare the vehicle as described 
in § 1066.810(a). 

(2) Fill the fuel tank to approxi-
mately 40% of the manufacturer’s 
nominal fuel tank capacity with the 
appropriate test fuel for cold tempera-
ture testing as specified 40 CFR Part 
1065, subpart H. The temperature of the 
dispensed test fuel must be at or below 
15.5 °C. If the leftover fuel in the fuel 
tank before the refueling event does 
not meet these specifications, drain the 
fuel tank before refueling. You may op-
erate the vehicle prior to the precondi-
tioning drive to eliminate fuel effects 
on adaptive memory systems. 

(3) You may start the precondi-
tioning drive once the fuel in the fuel 
tank reaches (¥12.6 to ¥1.4) °C. Pre-
condition the vehicle as follows: 

(i) Push or drive the vehicle onto the 
dynamometer. 

(ii) Operate the vehicle over one 
UDDS. You may perform additional ve-
hicle preconditioning with repeated 
driving over the UDDS, subject to our 
advance approval. 

(iii) Turn off the test vehicle and any 
cooling fans within 5 minutes after 
completing the preconditioning drive. 
Ambient temperature must be between 
(¥12.0 and ¥1.0) °C in the 5 minutes 
following the preconditioning drive. 

(iv) Do not manually purge or load 
the evaporative canister. 

(e) Soak the vehicle for (12 to 36) 
hours to stabilize it at test tempera-

tures before starting the emission test 
as described in this paragraph (e). If 
you move a stabilized vehicle through 
a warm area when transporting it to 
the dynamometer for testing, you must 
restabilize the vehicle by holding it at 
an ambient temperature within the 
range specified in paragraph (b)(1) of 
this section for at least six times as 
long as the vehicle was exposed to 
warmer temperatures. Use one of the 
following methods to reach a stabilized 
condition: 

(1) Cold storage. Measure and record 
ambient temperature in the test cell at 
least once every 60 seconds during the 
ambient cold soak period. These ambi-
ent temperatures may be above ¥4.0 °C 
or below ¥9.0 °C, but not for more than 
3 minutes at a time. Use measured val-
ues to calculate an hourly average 
temperature. Each hourly average tem-
perature must be (¥7.0 °C ±2.8) °C. 

(2) Forced-cooling or warming. Position 
fans to blow temperature-controlled air 
onto the vehicle to stabilize the vehicle 
at the specified temperatures for emis-
sion testing. Position fans to target 
the vehicle’s drive train, engine block, 
and radiator rather than the oil pan. 
You may not place fans under the vehi-
cle. You may consider the vehicle to be 
stabilized at the test temperature when 
the bulk oil temperature reaches (¥8.7 
to ¥5.3) °C; measure oil temperature at 
one or more points away from the side 
or bottom surfaces of the oil pan. Each 
oil temperature measurement must be 
within the specified range before sta-
bilization is complete. Once the vehicle 
reaches this stabilized condition, cold 
soak the vehicle within the stabilized 
temperature range for at least one 
hour before starting the emission test. 
During this time, keep the ambient 
temperature within the range specified 
in paragraph (b)(1) of this section. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9122, Feb. 19, 2015; 81 FR 74213, Oct. 25, 
2016] 

Subpart I—Exhaust Emission Test 
Procedures for Motor Vehicles 

§ 1066.801 Applicability and general 
provisions. 

This subpart I specifies how to apply 
the test procedures of this part for 
light-duty vehicles, light-duty trucks, 
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and heavy-duty vehicles at or below 
14,000 pounds GVWR that are subject to 
chassis testing for exhaust emissions 
under 40 CFR Part 86, subpart S. For 
these vehicles, references in this part 
1066 to the standard-setting part in-
clude this subpart I. 

(a) Use the procedures detailed in 
this subpart to measure vehicle emis-
sions over a specified drive schedule in 
conjunction with subpart E of this 
part. Where the procedures of subpart 
E of this part differ from this subpart 
I, the provisions in this subpart I take 
precedence. 

(b) Collect samples of every pollutant 
for which an emission standard applies, 
unless specified otherwise. 

(c) This subpart covers the following 
test procedures: 

(1) The Federal Test Procedure 
(FTP), which includes the general driv-
ing cycle. This procedure is also used 
for measuring evaporative emissions. 
This may be called the conventional 
test since it was adopted with the ear-
liest emission standards. 

(i) The FTP consists of one Urban 
Dynamometer Driving Schedule 
(UDDS) as specified in paragraph (a) of 
Appendix I of 40 CFR Part 86, followed 
by a 10-minute soak with the engine off 
and repeat driving through the first 505 
seconds of the UDDS. Note that the 
UDDS represents about 7.5 miles of 
driving in an urban area. Engine start-
up (with all accessories turned off), op-
eration over the initial UDDS, and en-
gine shutdown make a complete cold- 
start test. The hot-start test consists 
of the first 505 seconds of the UDDS fol-
lowing the 10-minute soak and a hot- 
running portion of the UDDS after the 
first 505 seconds. The first 505 seconds 
of the UDDS is considered the tran-
sient portion; the remainder of the 
UDDS is considered the stabilized (or 
hot-stabilized) portion. The hot-sta-
bilized portion for the hot-start test is 
generally measured during the cold- 
start test; however, in certain cases, 
the hot-start test may involve a second 
full UDDS following the 10-minute 
soak, rather than repeating only the 
first 505 seconds. See §§ 1066.815 and 
1066.820. 

(ii) Evaporative emission testing in-
cludes a preconditioning drive with the 
UDDS and a full FTP cycle, including 

exhaust measurement, followed by 
evaporative emission measurements. In 
the three-day diurnal test sequence, 
the exhaust test is followed by a run-
ning loss test consisting of a UDDS, 
then two New York City Cycles as 
specified in paragraph (e) of Appendix I 
of 40 CFR Part 86, followed by another 
UDDS; see 40 CFR 86.134. Note that the 
New York City Cycle represents about 
1.18 miles of driving in a city center. 
The running loss test is followed by a 
high-temperature hot soak test as de-
scribed in 40 CFR 86.138 and a three-day 
diurnal emission test as described in 40 
CFR 86.133. In the two-day diurnal test 
sequence, the exhaust test is followed 
by a low-temperature hot soak test as 
described in 40 CFR 86.138–96(k) and a 
two-day diurnal emission test as de-
scribed in 40 CFR 86.133–96(p). 

(iii) Refueling emission tests for ve-
hicles that rely on integrated control 
of diurnal and refueling emissions in-
cludes vehicle operation over the full 
FTP test cycle corresponding to the 
three-day diurnal test sequence to pre-
condition and purge the evaporative 
canister. For non-integrated systems, 
there is a preconditioning drive over 
the UDDS and a refueling event, fol-
lowed by repeated UDDS driving to 
purge the evaporative canister. The re-
fueling emission test procedures are 
described in 40 CFR 86.150 through 
86.157. 

(2) The Supplemental Federal Test 
Procedure (SFTP) measures the emis-
sion effects from aggressive driving 
and operation with the vehicle’s air 
conditioner. The SFTP is based on a 
composite of three different test ele-
ments. In addition to the FTP, vehicles 
generally operate over the US06 and 
SC03 driving schedules as specified in 
paragraphs (g) and (h) of Appendix I of 
40 CFR part 86, respectively. In the 
case of heavy-duty vehicles above 10,000 
pounds GVWR and at or below 14,000 
pounds GVWR, SFTP testing involves 
additional driving over the Hot LA–92 
driving schedule as specified in para-
graph (c) of 40 CFR part 86, Appendix I, 
instead of the US06 driving schedule. 
Note that the US06 driving schedule 
represents about 8.0 miles of relatively 
aggressive driving; the SC03 driving 
schedule represents about 3.6 miles of 
urban driving with the air conditioner 
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operating; and the hot portion of the 
LA–92 driving schedule represents 
about 9.8 miles of relatively aggressive 
driving for commercial trucks. See 
§ 1066.830. 

(3) The Highway Fuel Economy Test 
(HFET) is specified in Appendix I of 40 
CFR part 600. Note that the HFET rep-
resents about 10.2 miles of rural and 
freeway driving with an average speed 
of 48.6 mi/hr and a maximum speed of 
60.0 mi/hr. See § 1066.840. 

(4) Cold temperature standards apply 
for CO and NMHC emissions when vehi-
cles operate over the FTP at a nominal 
temperature of ¥7 °C. See 40 CFR Part 
86, subpart C, and subpart H of this 
part. 

(5) Emission measurement to deter-
mine air conditioning credits for green-
house gas standards. In this optional 
procedure, manufacturers operate vehi-
cles over repeat runs of the AC17 test 
sequence to allow for calculating cred-
its as part of demonstrating compli-
ance with CO2 emission standards. The 
AC17 test sequence consists of a UDDS 
preconditioning drive, followed by 
emission measurements over the SC03 
and HFET driving schedules. See 
§ 1066.845. 

(d) The following provisions apply for 
all testing: 

(1) Ambient temperatures encoun-
tered by the test vehicle must be (20 to 
30) °C, unless otherwise specified. 
Where ambient temperature specifica-
tions apply before or between test 
measurements, the vehicle may be ex-
posed to temperatures outside of the 
specified range for up to 10 minutes to 
account for vehicle transport or other 
actions to prepare for testing. The tem-
peratures monitored during testing 
must be representative of those experi-
enced by the test vehicle. For example, 
do not measure ambient temperatures 
near a heat source. 

(2) Do not operate or store the vehi-
cle at an incline if good engineering 
judgment indicates that it would affect 
emissions. 

(3) If a test is void after collecting 
emission data from previous test seg-
ments, the test may be repeated to col-
lect only those data points needed to 
complete emission measurements. You 
may combine emission measurements 
from different test runs to demonstrate 
compliance with emission standards. 

(4) Prepare vehicles for testing as de-
scribed in § 1066.810. 

(e) The following figure illustrates 
the FTP test sequence for measuring 
exhaust and evaporative emissions: 
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[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9123, Feb. 19, 2015; 81 FR 74213, Oct. 25, 
2016] 

§ 1066.805 Road-load power, test 
weight, and inertia weight class de-
termination. 

(a) Simulate a vehicle’s test weight 
on the dynamometer using the appro-
priate equivalent test weight shown in 
Table 1 of this section. Equivalent test 
weights are established according to 
each vehicle’s test weight basis, as de-
scribed in paragraph (b) of this section. 
Table 1 also specifies the inertia 
weight class corresponding to each 
equivalent test weight; the inertia 
weight class allows for grouping vehi-
cles with a range of equivalent test 
weights. Table 1 follows: 

TABLE 1 OF § 1066.805—EQUIVALENT TEST 
WEIGHTS (POUNDS) 

Test weight Equivalent 
test 

Inertia 
weight 

Up to 1062 ................................. 1000 1000 
1063 to 1187 ............................. 1125 1000 
1188 to 1312 ............................. 1250 1250 
1313 to 1437 ............................. 1375 1250 
1438 to 1562 ............................. 1500 1500 
1563 to 1687 ............................. 1625 1500 
1688 to 1812 ............................. 1750 1750 
1813 to 1937 ............................. 1875 1750 
1938 to 2062 ............................. 2000 2000 
2063 to 2187 ............................. 2125 2000 
2188 to 2312 ............................. 2250 2250 
2313 to 2437 ............................. 2375 2250 
2438 to 2562 ............................. 2500 2500 
2563 to 2687 ............................. 2625 2500 
2688 to 2812 ............................. 2750 2750 
2813 to 2937 ............................. 2875 2750 
2938 to 3062 ............................. 3000 3000 
3063 to 3187 ............................. 3125 3000 
3188 to 3312 ............................. 3250 3000 
3313 to 3437 ............................. 3375 3500 
3438 to 3562 ............................. 3500 3500 
3563 to 3687 ............................. 3625 3500 
3688 to 3812 ............................. 3750 3500 
3813 to 3937 ............................. 3875 4000 
3938 to 4125 ............................. 4000 4000 
4126 to 4375 ............................. 4250 4000 
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TABLE 1 OF § 1066.805—EQUIVALENT TEST 
WEIGHTS (POUNDS)—Continued 

Test weight Equivalent 
test 

Inertia 
weight 

4376 to 4625 ............................. 4500 4500 
4626 to 4875 ............................. 4750 4500 
4876 to 5125 ............................. 5000 5000 
5126 to 5375 ............................. 5250 5000 
5376 to 5750 ............................. 5500 5500 
5751 to 6250 ............................. 6000 6000 
6251 to 6750 ............................. 6500 6500 
6751 to 7250 ............................. 7000 7000 
7251 to 7750 ............................. 7500 7500 
7751 to 8250 ............................. 8000 8000 
8251 to 8750 ............................. 8500 8500 
8751 to 9250 ............................. 9000 9000 
9251 to 9750 ............................. 9500 9500 
9751 to 10250 ........................... 10000 10000 
10251 to 10750 ......................... 10500 10500 
10751 to 11250 ......................... 11000 11000 
11251 to 11750 ......................... 11500 11500 
11751 to 12250 ......................... 12000 12000 
12251 to 12750 ......................... 12500 12500 
12751 to 13250 ......................... 13000 13000 
13251 to 13750 ......................... 13500 13500 
13751 to 14000 ......................... 14000 14000 

(b) The test weight basis for non- 
MDPV heavy-duty vehicles is ‘‘ad-
justed loaded vehicle weight’’. For all 
other vehicles, the test weight basis for 
establishing equivalent test weight is 
‘‘loaded vehicle weight’’. These load 
terms are defined in 40 CFR 86.1803. 

(c) For FTP, SFTP, New York City 
Cycle, HFET, and LA–92 testing, deter-
mine road-load forces for each test ve-
hicle at speeds between 9.3 and 71.5 
miles per hour. The road-load force 
must represent vehicle operation on a 
smooth, level road with no wind or 
calm winds, no precipitation, an ambi-
ent temperature of approximately 20 
°C, and atmospheric pressure of 98.21 
kPa. You may extrapolate road-load 
force for speeds below 9.3 mi/hr. 

[79 FR 23823, Apr. 28, 2016, as amended at 81 
FR 74213, Oct. 25, 2016] 

§ 1066.810 Vehicle preparation. 
(a) Include additional fittings and 

adapters as required to accommodate a 
fuel drain at the lowest point possible 
in the tank(s) as installed on the vehi-
cle. 

(b) For preconditioning that involves 
loading an evaporative emission can-
ister with butane, provide valving or 
other means to allow for purging and 
loading the canister. 

(c) For vehicles to be tested for run-
ning loss emissions (40 CFR 86.134), pre-
pare the fuel tank for measuring tem-

perature and pressure as specified in 40 
CFR 86.107–98(e) and (f) and 40 CFR 
86.134. Vapor temperature measure-
ment is optional during the running 
loss test. 

(d) For vehicles to be tested for run-
ning loss emissions, prepare the ex-
haust system by sealing or plugging all 
detectable sources of exhaust gas 
leaks. Inspect or test the exhaust sys-
tem to ensure that there are no leaks 
that would cause exhaust hydrocarbon 
emissions to be detected as running 
losses. 

(e) The following provisions apply for 
preconditioning steps to reduce nonfuel 
emissions to normal vehicle back-
ground levels for vehicles subject to 
Tier 3 evaporative emission standards 
under 40 CFR 86.1813: 

(1) You must notify us in advance if 
you plan to perform such precondi-
tioning. This notice must include a de-
tailed description of the intended pro-
cedures and any measurements or 
thresholds for determining when sta-
bilization is complete. You need not re-
peat this notification for additional ve-
hicle testing in the same or later model 
years as long as your preconditioning 
practice conforms to these procedures. 

(2) You may precondition a vehicle as 
described in paragraph (e)(1) of this 
section only within 12 months after the 
vehicle’s original date of manufacture, 
except that you may ask us to approve 
further preconditioning steps for any 
testing to address identifiable sources 
of nonfuel emissions beyond what 
would generally occur with an appro-
priately aged in-use vehicle. For exam-
ple, you may clean up fluid leaks and 
you may perform further off-vehicle 
preconditioning for tires or other re-
placement parts that are less than 12 
months old. You may also replace the 
spare tire with an aged spare tire, and 
you may replace the windshield washer 
fluid with water. 

§ 1066.815 Exhaust emission test proce-
dures for FTP testing. 

(a) General. The FTP exhaust emis-
sion test sequence consists of a cold- 
start test and a hot-start test as de-
scribed in § 1066.801. 

(b) PM sampling options. Collect PM 
using any of the procedures specified in 
paragraphs (b)(1) through (5) of this 
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section and use the corresponding 
equation in § 1066.820 to calculate FTP 
composite emissions. Testing must 
meet the requirements related to filter 
face velocity as described in 
§ 1066.110(b)(2)(iii)(C), except as speci-
fied in paragraphs (b)(4) and (5) of this 
section. For procedures involving flow 
weighting, set the filter face velocity 
to a weighting target of 1.0 to meet the 
requirements of § 1066.110(b)(2)(iii)(C). 
Allow filter face velocity to decrease as 
a percentage of the weighting factor if 
the weighting factor is less than 1.0 
and do not change the nominal CVS 
flowrates or secondary dilution ratios 
between FTP or UDDS test intervals. 
Use the appropriate equations in 
§ 1066.610 to show that you meet the di-
lution factor requirements of 
§ 1066.110(b)(2)(iii)(B). If you collect PM 
using the procedures specified in para-
graph (b)(4) or (5) of this section, the 
residence time requirements in 40 CFR 
1065.140(e)(3) apply, except that you 
may exceed an overall residence time 
of 5.5 s for sample flow rates below the 
highest expected sample flow rate. 

(1) You may collect a separate PM 
sample for transient and stabilized por-
tions of the cold-start UDDS and the 
hot-start UDDS. This may either be 
done by sampling with three bags or 
four bags. You may omit the stabilized 
portion of the hot-start test (bag 4) and 
use the stabilized portion of the cold- 
start test (bag 2) in its place. 

(2) You may collect PM on one filter 
over the cold-start UDDS and on a sep-
arate filter over the hot-start UDDS. 

(3) You may collect PM on one filter 
over the cold-start UDDS (bag 1 and 
bag 2) and on a separate filter over the 
867 seconds of the stabilized portion of 
the cold-start UDDS and the first 505 
seconds of the hot-start UDDS (bag 2 
and bag 3). Note that this option in-
volves duplicate measurements during 
the stabilized portion of the cold-start 
UDDS. 

(4) You may collect PM on a single 
filter over the cold-start UDDS and the 
first 505 seconds of the hot-start UDDS 
using one of the following methods: 

(i) Adjust your sampling system flow 
rate over the filter to weight the filter 
face velocity over the three intervals 
of the FTP based on weighting targets 

of 0.43 for bag 1, 1.0 for bag 2, and 0.57 
for bag 3. 

(ii) Maintain a constant sampling 
system flow rate over the filter for all 
three intervals of the FTP by increas-
ing overall dilution ratios for bag 1 and 
bag 3. To do this, reduce the sample 
flow rate from the exhaust (or diluted 
exhaust) such that the value is reduced 
to 43% and 57%, respectively, of the 
bag 2 values. For constant-volume sam-
plers, this requires that you decrease 
the dilute exhaust sampling rate from 
the CVS and compensate for that by in-
creasing the amount of secondary dilu-
tion air. 

(5) You may collect PM on a single 
filter over the cold-start UDDS and the 
full hot-start UDDS using one of the 
following methods: 

(i) Adjust your sampling system flow 
rate over the filter to weight the filter 
face velocity based on weighting tar-
gets of 0.75 for the cold-start UDDS and 
1.0 for the hot-start UDDS. 

(ii) Maintain a constant sampling 
system flow rate over the filter for 
both the cold-start and hot-start UDDS 
by increasing the overall dilution ratio 
for the cold-start UDDS. To do this, re-
duce the sample flow rate from the ex-
haust (or diluted exhaust) such that 
the value is reduced to 75% of the hot- 
start UDDS value. For constant-vol-
ume samplers, this requires that you 
decrease the dilute exhaust sampling 
rate from the CVS and compensate for 
that by increasing the amount of sec-
ondary dilution air. 

(c) Gaseous sampling options. Collect 
gaseous samples using any of the fol-
lowing procedures: 

(1) You may collect a single sample 
for a full UDDS (cold-start or hot- 
start). 

(2) You may sample emissions sepa-
rately for transient and stabilized por-
tions of any UDDS. 

(3) You may omit the stabilized por-
tion of the hot-start test (bag 4) and 
use the stabilized portion of the cold- 
start test (bag 2) in its place. 

(d) Test sequence. Follow the exhaust 
emission measurement procedures 
specified in §§ 1066.410 through 1066.425, 
subject to the following exceptions and 
additional provisions: 

(1) Take the following steps for the 
cold-start test: 
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(i) Precondition the vehicle as de-
scribed in § 1066.816. Initiate the cold- 
start test following the 12 to 36 hour 
soak period. 

(ii) Start sampling and recording si-
multaneously with starting the vehi-
cle. Place the vehicle in gear 15 seconds 
after engine starting, which is 5 sec-
onds before the first acceleration. 

(iii) At the end of the deceleration 
scheduled to occur 505 seconds into the 
cold-start UDDS, simultaneously 
switch all the sample flows from the 
cold-start transient interval to the sta-
bilized interval, stopping all cold-start 
transient interval sampling and record-
ing, including background sampling. 
Reset integrating devices for the sta-
bilized interval and indicate the end of 
the cold-start interval in the recorded 
data. Operate the vehicle over the re-
mainder of the UDDS. Turn the engine 
off 2 seconds after the end of the last 
deceleration in the stabilized interval 
(1,369 seconds after the start of the 
driving schedule). 

(iv) Five seconds after the engine 
stops running, stop all stabilized inter-
val sampling and recording, including 
background sampling. Stop any inte-
grating devices for the stabilized inter-
val and indicate the end of the sta-
bilized interval in the recorded data. 
Note that the 5 second delay is in-
tended to account for sampling system 
transport. 

(2) Take the following steps for the 
hot-start test: 

(i) Initiate the hot-start test (9 to 11) 
minutes after the end of the sample pe-
riod for the cold-start UDDS. 

(ii) Repeat the steps in paragraph 
(d)(1)(ii) of this section. Operate the ve-
hicle over the first 505 seconds of the 
UDDS. For tests that do not include 
bag 4 operation, turn off the engine and 
simultaneously stop all hot-start sam-
pling and recording, including back-
ground sampling, and any integrating 
devices at the end of the deceleration 
scheduled to occur 505 seconds into the 
hot-start UDDS. 

(iii) To include bag 4 measurement, 
operate the vehicles over the remain-
der of the UDDS and conclude the test-
ing as described in paragraphs (d)(1)(iii) 
and (iv) of this section. 

(3) This completes the procedure for 
measuring FTP exhaust emissions. See 
§ 1066.801 and subpart J of this part for 
continuing the test sequence to meas-
ure evaporative or refueling emissions. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9124, Feb. 19, 2015; 81 FR 74213, Oct. 25, 
2016] 

§ 1066.816 Vehicle preconditioning for 
FTP testing. 

Precondition the test vehicle before 
the FTP exhaust measurement as de-
scribed in 40 CFR 86.132. 

§ 1066.820 Composite calculations for 
FTP exhaust emissions. 

(a) Determine the mass of exhaust 
emissions of each pollutant for each 
FTP test interval as described in 
§ 1066.605. 

(b) Calculate the final composite gas-
eous test results as a mass-weighted 
value, e[emission]–FTPcomp, in grams per mile 
using the following equation: 

Where: 

mc = the combined mass emissions deter-
mined from the cold-start UDDS test in-
terval (generally known as bag 1 and bag 
2), in grams. 

Dct = the measured driving distance from the 
transient portion of the cold-start test 
(bag 1), in miles. 

Dcs = the measured driving distance from the 
stabilized portion of the cold-start test 
(bag 2), in miles. 
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mh = the combined mass emissions deter-
mined from the hot-start UDDS test in-
terval in grams. This is the hot-sta-
bilized portion from either the first or 
second UDDS (bag 2, unless you measure 
bag 4), in addition to the hot transient 
portion (bag 3). 

Dht = the measured driving distance from the 
transient portion of the hot-start test 
(bag 3), in miles. 

Dhs = the measured driving distance from the 
stabilized portion of the hot-start test 

(bag 4), in miles. Set Dhs = Dcs for testing 
where the hot-stabilized portion of the 
UDDS is not run. 

(c) Calculate the final composite PM 
test results as a mass-weighted value, 
ePM–FTPcomp, in grams per mile as follows: 

(1) Use the following equation for PM 
measured as described in § 1066.815(b)(1), 
(2), or (3): 

Where: 
mPM-cUDDS = the combined PM mass emissions 

determined from the cold-start UDDS 
test interval (bag 1 and bag 2), in grams, 
as calculated using Eq. 1066.605–3. 

mPM-hUDDS = the combined PM mass emissions 
determined from the hot-start UDDS test 
interval (bag 3 and bag 4), in grams, as 

calculated using Eq. 1066.605–3. This is 
the hot-stabilized portion from either the 
first or second UDDS (bag 2, unless you 
measure bag 4), in addition to the hot 
transient portion (bag 3). 

(2) Use the following equation for PM 
measured as described in § 1066.815(b)(4): 

Where: 
mPM = the combined PM mass emissions de-

termined from the cold-start UDDS test 
interval and the first 505 seconds of the 
hot-start UDDS test interval (bag 1, bag 

2, and bag 3), in grams, as calculated 
using Eqs. 1066.605–4 and 1066.605–5. 

(3) Use the following equation for PM 
measured as described in § 1066.815(b)(5): 

Where: 

mPM = the combined PM mass emissions de-
termined from the cold-start UDDS test 

interval and the hot-start UDDS test in-
terval (bag 1, bag 2, bag 3, and bag 4), in 
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grams, as calculated using Eqs. 1066.605– 
6 and 1066.605–7. 

[79 FR 23823, Apr. 28, 2016, as amended at 81 
FR 74214, Oct. 25, 2016] 

§ 1066.830 Supplemental Federal Test 
Procedures; overview. 

Sections 1066.831 and 1066.835 describe 
the detailed procedures for the Supple-
mental Federal Test Procedure 
(SFTP). This testing applies for all ve-
hicles subject to the SFTP standards in 
40 CFR part 86, subpart S. The SFTP 
test procedure consists of FTP testing 
and two additional test elements—a se-
quence of vehicle operation with more 
aggressive driving and a sequence of 
vehicle operation that accounts for the 
impact of the vehicle’s air conditioner. 

(a) The SFTP standard applies as a 
composite representing the three test 
elements. The emission results from 
the aggressive driving test element 
(§ 1066.831), the air conditioning test 
element (§ 1066.835), and the FTP test 
element (§ 1066.820) are analyzed accord-
ing to the calculation methodology and 
compared to the applicable SFTP emis-
sion standards as described in 40 CFR 
part 86, subpart S. 

(b) The test elements of the SFTP 
may be run in any sequence that in-
cludes the specified preconditioning 
steps. 

§ 1066.831 Exhaust emission test proce-
dures for aggressive driving. 

(a) This section describes how to test 
using the US06 or LA–92 driving sched-
ule. The US06 driving schedule can be 
divided into two test intervals—the 
US06 City cycle comprises the com-
bined portions of the cycle from 1 to 
130 seconds and from 495 to 596 seconds, 
and the US06 Highway cycle comprises 
the portion of the cycle between 130 
and 495 seconds. See § 1066.801 for fur-
ther information on the driving sched-
ules. 

(b) Take the following steps to pre-
condition vehicles for testing under 
this section: 

(1) Drain and refill the vehicle’s fuel 
tank(s) in any of the following cases: 

(i) For aggressive-driving tests that 
do not follow FTP or HFET testing. 

(ii) For a test element that starts 
more than 72 hours after the most re-
cent FTP or HFET measurement (with 

or without evaporative emission meas-
urements). 

(iii) For testing in which the test ve-
hicle has not remained in an area 
where ambient temperatures were 
within the range specified for testing 
since the previous FTP or HFET. 

(2) Keep ambient temperatures with-
in the ranges specified for test meas-
urements throughout the precondi-
tioning sequence. 

(3) Warm up the vehicle to a sta-
bilized condition as follows: 

(i) Push or drive the vehicle onto the 
dynamometer. 

(ii) Operate the vehicle one time over 
one of the driving schedules specified 
in this paragraph (b)(3)(ii). You may 
ask us to use a particular precondi-
tioning driving schedule if that is re-
lated to fuel effects on adaptive mem-
ory systems. For our testing, we will 
generally operate the vehicle over the 
same preconditioning cycle that will be 
used for testing in this section. You 
may exercise your sampling equip-
ment, but you may not determine 
emissions results during precondi-
tioning. Choose from the following 
driving schedules: 

(A) The first 505 seconds of the UDDS 
(bag 1). 

(B) The last 867 seconds of the UDDS 
(bag 2). 

(C) The HFET driving schedule. 
(D) US06 driving schedule or, for 

heavy-duty vehicles at or below 10,000 
pounds GVWR with a power-to-weight 
ratio at or below 0.024 hp/lbm, just the 
highway portion of the US06 driving 
schedule. 

(E) The SC03 driving schedule. 
(F) The LA–92 driving schedule. 
(G) The Hot LA–92 driving schedule. 
(4) Allow the vehicle to idle for (1 to 

2) minutes. This leads directly into the 
test measurements described in para-
graph (c) of this section. 

(c) For testing involving the full 
US06 driving schedule, you may collect 
emissions from separate city and high-
way test intervals (see 40 CFR part 
600), or you may collect emissions over 
the full US06 driving schedule as a sin-
gle test interval. Take the following 
steps to measure emissions over sepa-
rate city and highway test intervals: 

(1) At 130 seconds, simultaneously 
stop all US06 City, and start all US06 
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Highway sampling, recording, and inte-
grating (including background sam-
pling). At 136 seconds (before the accel-
eration), record the measured dyna-
mometer roll revolutions. 

(2) At 495 seconds, simultaneously 
stop all US06 Highway, and start all 
US06 City sampling, recording, and in-
tegrating (including background sam-
pling). At 500 seconds (before the accel-
eration), record the measured dyna-
mometer roll revolutions. 

(3) Except as specified in paragraph 
(c)(4) of this section, treat the emis-
sions from the first and second por-
tions of the US06 City test interval as 
a single sample. 

(4) If you collect gaseous emissions 
over separate city and highway test in-
tervals, you may still collect PM over 
the full US06 driving schedule as a sin-
gle test interval. If you do this, cal-
culate a composite dilution factor 
based on city and highway emissions 
using Eq. 1066.610–4 to show that you 
meet the dilution factor requirements 
of § 1066.110(b)(2)(iii)(B). 

(d) For diesel-fueled vehicles, meas-
ure THC emissions on a continuous 
basis as described in 40 CFR part 1065. 
For separate measurement of the city 
and highway test intervals as described 
in paragraph (c) of this section, per-
form separate calculations for each 
portion of the test cycle. 

(e) Follow the exhaust emission 
measurement procedures specified in 
§§ 1066.410 through 1066.425, subject to 
the following exceptions and additional 
provisions: 

(1) Following the preconditioning 
specified in paragraph (b) of this sec-
tion, place the vehicle in gear and si-
multaneously start sampling and re-
cording. Begin the first acceleration 5 
seconds after placing the vehicle in 
gear. 

(2) Operate the vehicle over the full 
US06 driving schedule, except as fol-
lows: 

(i) For heavy-duty vehicles above 
10,000 pounds GVWR, operate the vehi-
cle over the Hot LA–92 driving sched-
ule. 

(ii) Heavy-duty vehicles at or below 
10,000 pounds GVWR with a power-to- 
weight ratio at or below 0.024 hp/lbm 
may be certified using only the high-

way portion of the US06 driving sched-
ule as described in 40 CFR 86.1816. 

(iii) Non-MDPV heavy-duty vehicles 
shall be tested at their adjusted loaded 
vehicle weight as described in 40 CFR 
86.1816. 

(3) Turn the engine off 2 seconds after 
the end of the last deceleration. Five 
seconds after the engine stops running, 
stop all sampling and recording, in-
cluding background sampling. Stop any 
integrating devices and indicate the 
end of the test cycle in the recorded 
data. Note that the 5 second delay is 
intended to account for sampling sys-
tem transport. 

(4) Correct calculated NOX emissions 
as described in § 1066.615(a)(1). 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9124, Feb. 19, 2015] 

§ 1066.835 Exhaust emission test proce-
dure for SC03 emissions. 

This section describes how to test 
using the SC03 driving schedule (see 
§ 1066.801). This procedure is designed to 
determine gaseous exhaust emissions 
while simulating an urban trip on a hot 
summer day. The provisions of 40 CFR 
part 86 and 40 CFR part 600 waive SC03 
testing for some vehicles; in those 
cases, calculate SFTP composite emis-
sions by adjusting the weighting cal-
culation as specified in 40 CFR part 86, 
subpart S. 

(a) Drain and refill the vehicle’s fuel 
tank(s) if testing starts more than 72 
hours after the last drain and fill oper-
ation. 

(b) Keep the vehicle in an environ-
ment meeting the conditions described 
in paragraph (f) of this section 
throughout the preconditioning se-
quence. 

(c) Warm up the vehicle to a sta-
bilized condition as follows: 

(1) Push or drive the test vehicle onto 
the dynamometer. 

(2) Close the vehicle’s windows before 
testing. 

(3) The test cell and equipment must 
meet the specifications in paragraph 
(e) of this section. Measure and control 
ambient conditions as specified in 
paragraph (f) of this section. 

(4) Set the vehicle’s air conditioning 
controls by selecting A/C mode and 
‘‘maximum’’, setting airflow to ‘‘recir-
culate’’ (if so equipped), selecting the 
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highest fan setting, and turning the A/ 
C temperature to full cold (or 72 °F for 
automatic systems). Turn the control 
to the ‘‘on’’ position before testing so 
the air conditioning system is active 
whenever the engine is running. 

(5) Perform a preconditioning drive 
by operating the test vehicle one time 
over the first 505 seconds of the UDDS 
(bag 1), the last 867 seconds of the 
UDDS (bag 2), or the SC03 driving 
schedule. If the air conditioning test 
sequence starts more than 2 hours after 
a different exhaust emission test, you 
may instead operate the vehicle one 
time over the full UDDS. 

(6) Following the preconditioning 
drive, turn off the test vehicle and the 
vehicle cooling fan(s) and allow the ve-
hicle to soak for (9 to 11) minutes. 

(d) Follow the exhaust emission 
measurement procedures specified in 
§§ 1066.410 through 1066.425, subject to 
the following exceptions and additional 
provisions: 

(1) Place the vehicle in gear 15 sec-
onds after engine starting, which is 3 
seconds before the first acceleration. 
Follow the SC03 driving schedule. 

(2) Turn the engine off 2 seconds after 
the end of the last deceleration. Five 
seconds after the engine stops running, 
stop all sampling and recording, in-
cluding background sampling. Stop any 
integrating devices any indicate the 
end of the test cycle in the recorded 
data. Note that the 5 second delay is 
intended to account for sampling sys-
tem transport. 

(3) Correct calculated NOX emissions 
as described in § 1066.615(a)(2). 

(e) The following requirements apply 
for the test cell and cooling fan con-
figuration: 

(1) Minimum test cell size. The test cell 
must be at least 20 feet wide, 40 feet 
long, and 10 feet high, unless we ap-
prove the use of a smaller test cell. We 
will approve this only if you dem-
onstrate that the smaller test cell is 
capable of meeting all the require-
ments of this section. 

(2) Vehicle frontal air flow. Verify that 
the fan configuration meets the re-
quirements of § 1066.105(c)(5). 

(f) Maintain ambient conditions as 
follows: 

(1) Ambient temperature and humidity. 
Measure and record ambient tempera-

ture and humidity in the test cell at 
least once every 30 seconds during the 
sampling period. Alternatively, if you 
collect data of at least once every 12 
seconds, you may use a moving average 
of up to 30 second intervals to measure 
and record ambient temperature and 
humidity. Control ambient tempera-
ture throughout the test sequence to 
35.0 ±3.0 °C. Control ambient tempera-
ture during emission sampling to (33.6 
to 36.4) °C on average. Control ambient 
humidity during emission sampling as 
described in § 1066.420(d). 

(2) Conditions before and after testing. 
Use good engineering judgment to dem-
onstrate that you meet the specified 
instantaneous temperature and humid-
ity tolerances in paragraphs (f)(1) of 
this section at all times before and be-
tween emission measurements. 

(3) Solar heat load. Simulate solar 
heating as follows: 

(i) You may use a metal halide lamp, 
a sodium lamp, or a quartz halogen 
lamp with dichroic mirrors as a radiant 
energy emitter. We may also approve 
the use of a different type of radiant 
energy emitter if you demonstrate that 
it meets the requirements of this sec-
tion. 

(ii) We recommend achieving radiant 
heating with spectral distribution 
characteristics as described in the fol-
lowing table: 

TABLE 1 OF § 1066.835—RECOMMENDED 
SPECTRAL DISTRIBUTION 

Band width (nm) 

Percent of total spectrum 

Lower limit 
(%) 

Upper limit 
(%) 

<320 a ........................................ .................... 0 
320–400 ..................................... 0 7 
400–780 ..................................... 45 55 
>780 ........................................... 35 53 

a Note that you may need to filter the UV region between 
280 and 320 nm. 

(iii) Determine radiant energy inten-
sity experienced by the vehicle as the 
average value between two measure-
ments along the vehicle’s centerline, 
one at the base of the windshield and 
the other at the bottom of the rear 
window (or equivalent location for ve-
hicles without a rear window). This 
value must be 850 ±45 W/m2. Instru-
ments for measuring radiant energy in-
tensity must meet the following min-
imum specifications: 
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(A) Sensitivity of 9 microvolts per W/ 
m2. 

(B) Response time of 5 seconds. For 
purposes of this requirement, ‘‘re-
sponse time’’ means the time for the 
instrument to reach 95 percent of its 
equilibrium response after a step 
change in radiant intensity. 

(C) Cosine response error of no more 
than ±1% for 0–70 degree zenith angles. 
The cosine response error is the per-
centage difference between the inten-
sity measured at a given angle and a 
reference value, where the reference 
value is the intensity predicted from 
the zero-degree intensity and the co-
sine of the incident angle. 

(D) When comparing measured values 
for radiant energy to reference values, 
each measured value over the full 
range of measurement may not deviate 
from the corresponding reference value 
by more than ±0.5% of the analyzer 
range’s maximum value. 

(iv) Check the uniformity of radiant 
energy intensity at least every 500 
hours of emitter usage or every 6 
months, whichever is sooner, and after 
any major modifications affecting the 
solar simulation. Determine uni-
formity by measuring radiant energy 
intensity using instruments that meet 
the specifications described in para-
graph (f)(3)(iii) of this section at each 
point of a 0.5 m grid over the vehicle’s 
full footprint, including the edges of 
the footprint, at an elevation 1 m 
above the floor. Measured values of ra-
diant energy intensity must be be-
tween (722 and 978) W/m2 at all points. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9124, Feb. 19, 2015; 81 FR 74214, Oct. 25, 
2016] 

§ 1066.840 Highway fuel economy test 
procedure. 

This section describes the procedure 
for the highway fuel economy test 
(HFET). This test involves emission 
sampling and fuel economy measure-
ment for certain vehicles as described 
in 40 CFR part 86, subpart S, and in 40 
CFR part 600. See § 1066.801 for further 
information on the driving schedules. 
Follow the exhaust emission measure-
ment procedures specified in §§ 1066.410 
through 1066.425, subject to the fol-
lowing exceptions and additional provi-
sions: 

(a) Perform the HFET immediately 
following the FTP when this is prac-
tical. If the HFET procedure starts 
more than 3 hours after an FTP (in-
cluding evaporative emission measure-
ments, if applicable), operate it over 
one UDDS to precondition the vehicle. 
We may approve additional precondi-
tioning in unusual circumstances. 

(b) Operate the vehicle over the 
HFET driving schedule for precondi-
tioning. Allow the vehicle to idle for 15 
seconds (with the vehicle in gear), then 
start a repeat run of the HFET driving 
schedule and simultaneously start 
sampling and recording. 

(c) Turn the engine off at the end of 
the HFET driving schedule and stop all 
sampling and recording, including 
background. Stop any integrating de-
vices and indicate the end of the test 
cycle in the recorded data. 

§ 1066.845 AC17 air conditioning effi-
ciency test procedure. 

(a) Overview. This section describes a 
voluntary procedure for measuring the 
net impact of air conditioner operation 
on CO2 emissions. See 40 CFR 86.1868 for 
provisions describing how to use these 
procedures to calculate credits and 
otherwise comply with emission stand-
ards. 

(b) Test cell. Operate the vehicle in a 
test cell meeting the specifications de-
scribed in § 1066.835(e). You may add 
airflow up to a maximum of 4 miles per 
hour during engine idling and when the 
engine is off if that is needed to meet 
ambient temperature or humidity re-
quirements. 

(c) Ambient conditions. Measure and 
control ambient conditions as specified 
in § 1066.835(f), except that you must 
control ambient temperature during 
emission sampling to (22.0 to 28.0) °C 
throughout the test and (23.5 to 26.5) °C 
on average. These tolerances apply to 
the combined SC03 and HFET drive cy-
cles during emission sampling. Note 
that you must set the same ambient 
temperature target for both the air 
conditioning on and off portions of 
emission sampling. Control ambient 
temperature during the precondi-
tioning cycle and 30 minute soak to 
25.0 ±5.0 °C. For these same modes with 
no emission sampling, target the speci-
fied ambient humidity levels, but you 
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do not need to meet the humidity tol-
erances. Note that solar heating is dis-
abled for certain test intervals as de-
scribed in this section. 

(d) Interior air temperature measure-
ment. Measure and record the vehicle’s 
interior air temperature at least once 
every 5 seconds during the sampling pe-
riod. Measure temperature at the out-
let of the center-most duct on the 
dashboard, and approximately 30 mm 
behind the driver’s headrest and pas-
senger’s headrest. 

(e) Air conditioning system settings. For 
testing that requires the air condi-
tioning to be operating, set the vehi-
cle’s air conditioning controls as fol-
lows: 

(1) For automatic systems, set the 
temperature control to 72 °F (22 °C). 

(2) For manual systems, select A/C 
mode, set the temperature to full cold 
and ‘‘maximum’’, set airflow to ‘‘recir-
culate’’ (if so equipped), and select the 
highest fan setting. During the first 
idle period of the SC03 driving schedule 
(between 186 and 204 seconds), reduce 
the fan speed setting to nominally 50% 
of maximum fan speed, set airflow to 
‘‘fresh air’’ (if so equipped), and adjust 
the temperature setting to target a 
temperature of 55 °F (13 °C) at the dash-
board air outlet. Maintain these set-
tings for the remainder of the test. You 
may rely on prior temperature meas-
urements to determine the tempera-
ture setting; however, if the system is 
unable to meet the 55 °F (13 °C) target, 
you may instead set airflow to ‘‘fresh 
air’’ and temperature to full cold. If 
the vehicle is equipped with technology 
that defaults to recirculated air at am-
bient temperatures above 75 °F (22 °C), 
that technology should remain enabled 
throughout the test; this may mean 
not setting the airflow to ‘‘recirculate’’ 
at the start and not setting the airflow 
to ‘‘fresh air’’ during the first idle pe-
riod of the SC03 driving schedule. Ex-
cept as specified in paragraph (e)(3) of 
this section, use good engineering judg-
ment to apply the settings described in 
this paragraph (e)(2) equally through-
out the vehicle if there are separate 
controls for different zones (such as 
rear air conditioning). 

(3) If the air conditioning system is 
designed with parameters that switch 
back to a default setting at key-off, 

perform testing in that default condi-
tion. If the air conditioning system in-
cludes any optional equipment or user 
controls not addressed in this para-
graph (e), the manufacturer should ask 
us for preliminary approval to deter-
mine the appropriate settings for test-
ing. 

(f) Test procedure. Follow the exhaust 
emission measurement procedures 
specified in §§ 1066.410 through 1066.425, 
subject to the following exceptions and 
additional provisions: 

(1) Prepare each test vehicle for a se-
ries of tests according to 40 CFR 86.132– 
00(a) through (g). If the vehicle has 
been tested within the last 36 hours 
concluding with a 12 to 36 hour soak, 
continue to paragraph (f)(2) of this sec-
tion; otherwise perform an additional 
UDDS preconditioning cycle that con-
cludes with a 12 to 36 hour soak. You 
may use a forced cooldown system to 
bring critical vehicle temperatures to 
within soak temperature limits. Crit-
ical temperatures include transmission 
oil, engine oil, engine coolant, and 
cabin air temperatures. 

(2) Open the vehicle’s windows and 
operate the vehicle over a precondi-
tioning UDDS with no solar heating 
and with the air conditioning off. At 
the end of the preconditioning drive, 
turn off the test vehicle and all cooling 
fans. 

(3) Turn on solar heating within one 
minute after turning off the engine. 
Once the solar energy intensity reaches 
805 W/m2, let the vehicle soak for 30 ±1 
minutes. You may alternatively rely 
on prior measurements to start the 
soak period after a defined period of 
warming up to the specified solar heat 
load. Close the vehicle’s windows at the 
start of the soak period; ensure that 
the windows are adequately closed 
where instrumentation and wiring pass 
through to the interior. 

(4) Turn the air conditioning control 
to the ‘‘on’’ position before testing so 
the air conditioning system is active 
whenever the engine is running. Place 
the vehicle in gear 15 seconds after en-
gine starting, which is 3 seconds before 
the first acceleration. At the end of the 
driving schedule, simultaneously 
switch all the sampling, recording, and 
integrating from SC03 to HFET, includ-
ing background sampling. Indicate the 
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end of the test cycle in the recorded 
data. Record the measured dynamom-
eter roll revolutions corresponding to 
the SC03 driving schedule. 

(5) Directly following the SC03 driv-
ing schedule, operate the vehicle over 
the HFET driving schedule. Turn the 
vehicle off at the end of the driving 
schedule and simultaneously stop all 
sampling, recording, and integrating, 
including background sampling. Indi-
cate the end of the test cycle in the re-
corded data. Record the measured dy-
namometer roll revolutions cor-
responding to the HFET drive schedule. 
Turn off the solar heating. 

(6) Allow the vehicle to remain on 
the dynamometer for (10 to 15) minutes 

after emission sampling has concluded. 
Repeat the testing described in para-
graphs (f)(1) through (5) of this section 
and turn off the vehicle’s air condi-
tioner and the solar heating through-
out the test run. The windows may be 
open or closed. 

(g) Calculations. (1) Determine the 
mass of CO2 emissions for each of the 
two test intervals as described in 
§ 1066.605. 

(2) Calculate the composite mass- 
weighted emissions of CO2, eCO2-AC17comp, 
representing the average of the SC03 
and HFET emissions, in grams per mile 
using the following equation: 

Where: 

mSC03 = mass emissions from the SC03 test in-
terval, in grams. 

DSC03 = measured driving distance during the 
SC03 test interval, in miles. 

mHFET = mass emissions from the HFET test 
interval, in grams. 

DHFET = measured driving distance during the 
HFET test interval, in miles. 

[79 FR 23823,Apr. 28, 2014, as amended at 79 
FR 36658, June 30, 2014; 80 FR 9124, Feb. 19, 
2015] 

Subpart J—Evaporative Emission 
Test Procedures 

§ 1066.901 Applicability and general 
provisions. 

This subpart describes how to meas-
ure evaporative and refueling emis-
sions from test vehicles. The provisions 
of §§ 1066.910 through 1066.930 include 
general provisions for equipment and 
calculations related to evaporative and 
refueling emissions. The provisions of 
§§ 1066.950 through 1066.985 describe pro-
visions that apply specifically to motor 
vehicles subject to standards under 40 
CFR part 86, subpart S, or 40 CFR part 
1037. 

TEST EQUIPMENT AND CALCULATIONS 
FOR EVAPORATIVE AND REFUELING 
EMISSIONS 

§ 1066.910 SHED enclosure specifica-
tions. 

Enclosures for evaporative and re-
fueling emissions must meet the speci-
fications described in 40 CFR 86.106–96, 
86.107–96(a), and 86.107–98(a). 

§ 1066.915 Enclosures; auxiliary sys-
tems and equipment. 

Enclosures for evaporative and re-
fueling emissions must be equipped 
with fans, blowers, and measurement 
and data recording equipment as de-
scribed in 40 CFR 86.107–98(b) through 
(h) and (j). 

§ 1066.920 Enclosure calibrations. 

Enclosures for evaporative and re-
fueling emissions must meet the cali-
bration specifications described in 40 
CFR 86.116–94 and 86.117–96. 

§ 1066.925 Enclosure calculations for 
evaporative and refueling emis-
sions. 

Calculate emissions for evaporative 
emissions as described in 40 CFR 86.143– 
96. Calculate emissions for refueling 
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emissions as described in 40 CFR 86.143– 
96 and 86.156–98. 

§ 1066.930 Equipment for point-source 
measurement of running losses. 

For point-source measurement of 
running loss emissions, use equipment 
meeting the specifications in 40 CFR 
86.107–96(i) 

EVAPORATIVE AND REFUELING EMISSION 
TEST PROCEDURES FOR MOTOR VEHICLES 

§ 1066.950 Fuel temperature profile. 
Develop fuel temperature profiles for 

running loss testing as described in 40 
CFR 86.129–94(d). 

§ 1066.955 Diurnal emission test. 
Test vehicles for diurnal emissions as 

described in 40 CFR 86.133–96. 

§ 1066.960 Running loss test. 
Test vehicles for running loss emis-

sions as described in 40 CFR 86.134–96. 

§ 1066.965 Hot soak test. 
Test vehicles for hot soak emissions 

as described in 40 CFR 86.138–96. 

§ 1066.970 Refueling test for liquid 
fuels. 

Except as described in § 1066.975, test 
vehicles for refueling emissions as de-
scribed in 40 CFR 86.150–98, 86.151–98, 
86.152–98, and 86.154–98. Keep records as 
described in 40 CFR 86.155–98. 

§ 1066.971 Vehicle and canister pre-
conditioning for the refueling test. 

Precondition vehicles for the refuel-
ing emission test as described in 40 
CFR 86.153–98. 

§ 1066.975 Refueling test for LPG. 
For vehicles designed to operate on 

liquefied petroleum gas, measure re-
fueling emissions as described in 40 
CFR 86.157–98. 

§ 1066.980 Fuel dispensing spitback 
procedure. 

Test vehicles for spitback emissions 
as described in 40 CFR 86.146–96. 

§ 1066.985 Fuel storage system leak 
test procedure. 

(a) Scope. Perform this test as re-
quired in the standard-setting part to 

verify that there are no significant 
leaks in your fuel storage system. 

(b) Measurement principles. Leaks are 
detected by measuring pressure, tem-
perature, and flow to calculate an 
equivalent orifice diameter for the sys-
tem. Use good engineering judgment to 
develop and implement leak test equip-
ment. You may not tighten fittings or 
connections in the vehicle’s fuel sys-
tem to prepare the vehicle for testing. 

(c) Measurement equipment. Your leak 
test equipment must meet the fol-
lowing requirements: 

(1) Pressure, temperature, and flow 
sensors must be calibrated with NIST- 
traceable standards. 

(2) Correct flow measurements to 
standard reference conditions. 

(3) Leak test equipment must have 
the ability to pressurize fuel storage 
systems to at least 4.1 kPa and have an 
internal leak rate of less than 0.20 
standard liters per minute. 

(4) You must be able to attach the 
test equipment to the vehicle without 
permanent alteration of the fuel stor-
age or evaporative emission control 
systems. For any testing that involves 
pressurizing the fuel system and de-
tecting leaks at access points away 
from the fuel fill pipe, the gas cap must 
be installed in the production configu-
ration. For the test point at or near 
the fuel fill pipe, attaching the test 
equipment may involve adding an ex-
tension to the fuel fill pipe that incor-
porates the access point to the fuel sys-
tem. If the extension apparatus has a 
fixed cap, the vehicle’s gas cap must be 
tested separately as described in para-
graph (d)(9) of this section. This sepa-
rate testing is not required if the ex-
tension apparatus incorporates the ve-
hicle’s gas cap. 

(5) The point of attachment to the 
fuel storage system must allow pres-
surization to test system integrity of 
the fuel tank and of fuel lines and 
vapor lines reaching up to and includ-
ing the gas cap and the evaporative 
canister. The evaporative system test 
port available on some vehicles is an 
example of an effective attachment 
point. 

(d) Leak test procedure. Test a vehi-
cle’s fuel storage system for leaks as 
follows: 
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(1) Refuel vehicle to 40% of its nomi-
nal fuel tank capacity. 

(2) Soak the vehicle for 6 to 24 hours 
at a temperature between (20 and 30) 
°C; record this setpoint temperature 
and maintain temperatures throughout 
the leak test at this setpoint tempera-
ture within a tolerance ±2 °C. 

(3) Before performing the test, purge 
the fuel storage system of any residual 
pressure, bringing the system into 
equilibrium with ambient pressure. 

(4) Seal the evaporative canister’s 
vent to atmosphere and ensure that the 
vehicle’s purge valve is closed. 

(5) Attach the leak test equipment to 
the vehicle. 

(6) Pressurize the fuel storage system 
with N2 or another inert gas to at least 
2.4 kPa. Use good engineering judg-
ment to avoid overpressurizing the sys-
tem. 

(7) Maintain gas flow through the 
system for at least 180 seconds, ensur-
ing that the flow reading is stable for 
an effective leak diameter of ±0.002 
inches. 

(8) Use the following equation, or a 
different equation you develop based on 
good engineering judgment, to cal-
culate the effective leak diameter, deff: 

Where: 
deff = effective leak diameter, in inches, ex-

pressed to at least two decimal places. 
Q̇N2= volumetric flow of nitrogen, in m3/s. 
pin = inlet pressure to orifice, in kPa. 
patmos = atmospheric pressure, in kPa. 
SGN2 = specific gravity of N2 relative to air at 

101.325 kPa and 15.5 °C = 0.967. 

T = temperature of flowing medium, in K. 

Example:  
Q̇N2= 0.8·10¥5 m3/s 
pin = 104.294 kPa 
patmos = 101.332 kPa 
SGN2 = 0.967 
T = 298.15 K 

deff = 0.017 inches 

(9) Repeat the test described in this 
paragraph (d) for each access point de-
scribed in the application for certifi-
cation. Use each test result (without 
averaging) to determine whether the 
vehicle passes the leak standard. 

(10) Gas caps may need to be tested 
separately for leaks as described in 
paragraph (c)(4) of this section. Test 
the gas caps using commercially avail-
able flow equipment such as that used 
for inspection-and-maintenance pro-
grams for motor vehicles to determine 
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a leak rate in cubic centimeters per 
minute resulting from a sustained tank 
pressure of 7.5 kPa. Correct the leak 
rate to standard reference conditions, 
based on the measured leak rate cor-
responding to atmospheric pressure. 
The corrected leak value may not ex-
ceed 60 cubic centimeters per minute. 

(11) You may use special or alter-
native test procedures as described in 
40 CFR 1065.10(c). 

(e) Equipment calibration. Use good en-
gineering judgment to calibrate the 
leak check device. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9124, Feb. 19, 2015; 81 FR 74215, Oct. 25, 
2016] 

Subpart K—Definitions and Other 
Reference Material 

§ 1066.1001 Definitions. 
The definitions in this section apply 

to this part. The definitions apply to 
all subparts unless we note otherwise. 
Other terms have the meaning given in 
40 CFR part 1065. The definitions fol-
low: 

Average means the arithmetic mean 
of a sample. 

Bag 1 means relating to the first 505 
seconds of the FTP cold-start test in-
terval. Note that the term bag 1 may 
also apply to measurement of constitu-
ents that are not collected in a bag, 
such as PM and continuously measured 
THC. 

Bag 2 means relating to the last 867 
seconds of the FTP cold-start test in-
terval. 

Bag 3 means relating to the first 505 
seconds of the FTP hot-start test inter-
val. 

Bag 4 means relating to the last 867 
seconds of the FTP hot-start test inter-
val, if run. Note that bag 2 is generally 
used in place of bag 4. 

Base inertia means a value expressed 
in mass units to represent the rota-
tional inertia of the rotating dyna-
mometer components between the ve-
hicle driving tires and the dynamom-
eter torque-measuring device, as speci-
fied in § 1066.250. 

C1-equivalent means a convention of 
expressing HC concentrations based on 
the total number of carbon atoms 
present, such that the C1-equivalent of 
an HC concentration equals the con-

centration multiplied by the mean 
number of carbon atoms in each HC 
molecule. For example, the C1-equiva-
lent of 10 ppm of propane (C3H8) is 30 
ppm. C1-equivalent concentration val-
ues may be denoted as ‘‘ppmC’’ in the 
standard-setting part. Densities may 
also be expressed on a C1 basis. Note 
that calculating HC masses from con-
centrations and densities is only valid 
where they are each expressed on the 
same carbon basis. 

Driving schedule means a series of ve-
hicle speeds that a vehicle must follow 
during a test. Driving schedules are 
specified in the standard-setting part. 
A driving schedule may consist of mul-
tiple test intervals. 

Duty cycle means a set of weighting 
factors and the corresponding test cy-
cles, where the weighting factors are 
used to combine the results of multiple 
test intervals into a composite result. 

FTP means one of the following: 
(1) The test cycle consisting of one 

UDDS as specified in paragraph (a) of 
Appendix I of 40 CFR part 86, followed 
by a 10-minute soak with the engine off 
and repeat driving through the first 505 
seconds of the UDDS. See 
§ 1066.801(c)(1). 

(2) The entire test procedure for 
measuring exhaust and/or evaporative 
emissions as described in § 1066.801(c). 

Footprint has the meaning given in 
the standard-setting part. 

HFET means the test cycle specified 
in Appendix I of 40 CFR part 600. 

Hot LA–92 means the first 1435 sec-
onds of the LA–92 driving schedule. 

LA–92 means the test cycle specified 
in Appendix I, paragraph (c), of 40 CFR 
part 86. 

Nonmethane organic gas (NMOG) 
means the combination of organic 
gases other than methane as calculated 
in § 1066.635. Note that for this part, the 
organic gases are summed on a mass 
basis without any adjustment for pho-
tochemical reactivity. 

Parts-per-million (ppm) means ppm on 
a molar basis. For hydrocarbon con-
centrations including HC, THC, NMHC, 
and NMOG, ppm means ppm on a C1- 
equivalent molar basis. 

Road-load coefficients means sets of A, 
B, and C road-load force coefficients 
that are used in the dynamometer 
road-load simulation, where road-load 
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force at speed v equals A + B · v + C · 
v2. 

SC03 means the test cycle specified in 
Appendix I, paragraph (h), of 40 CFR 
part 86. 

SFTP means the collection of test cy-
cles as given in 1066.801(c)(2). 

Standard reference conditions means 
the following: 

(1) Standard pressure is 101.325 kPa. 
(2) Standard temperature is 293.15 K. 
Test interval means a period over 

which a vehicle’s emission rates are de-
termined separately. For many stand-
ards, compliance with the standard is 
based on a weighted average of the 
mass emissions from multiple test in-
tervals. For example, the standard-set-
ting part may specify a complete duty 
cycle as a cold-start test interval and a 
hot-start test interval. In cases where 
multiple test intervals occur over a 
duty cycle, the standard-setting part 
may specify additional calculations 
that weight and combine results to ar-
rive at composite values for compari-
son against the applicable standards. 

Test weight has the meaning given in 
§§ 1066.410(b) or 1066.805. 

UDDS means the test cycle specified 
in Appendix I, paragraph (a), of 40 CFR 
part 86. 

US06 means the test cycle specified in 
Appendix I, paragraph (g), of 40 CFR 
part 86. 

Unloaded coastdown means a dyna-
mometer coastdown run with the vehi-
cle wheels removed from the roll sur-
face. 

We (us, our) means the Administrator 
of the Environmental Protection Agen-
cy and any authorized representatives. 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9124, Feb. 19, 2015] 

§ 1066.1005 Symbols, abbreviations, 
acronyms, and units of measure. 

The procedures in this part generally 
follow either the International System 
of Units (SI) or the United States cus-
tomary units, as detailed in NIST Spe-
cial Publication 811, which we incor-
porate by reference in § 1066.1010. See 40 
CFR 1065.20 for specific provisions re-
lated to these conventions. This sec-
tion summarizes the way we use sym-
bols, units of measure, and other abbre-
viations. 

(a) Symbols for quantities. This part 
uses the following symbols and units of 
measure for various quantities: 

Symbol Quantity Unit Unit symbol Unit in terms of SI base units 

α ....................... atomic hydrogen to carbon 
ratio.

mole per mole .................... mol/mol ........ 1. 

A ....................... area .................................... square meter ...................... m2 ................ m2. 
A ....................... vehicle frictional load ......... pound force or newton ....... lbf or N ......... m·kg·s¥2. 
ag ...................... acceleration of Earth’s 

gravity.
meters per second squared m/s2 ............. m·s¥2. 

Am ..................... calculated vehicle frictional 
load.

pound force or newton ....... lbf or N ......... m·kg·s¥2. 

a0 ...................... intercept of least squares 
regression.

a1 ...................... slope of least squares re-
gression.

a ........................ acceleration ........................ feet per second squared or 
meters per second 
squared.

ft/s2 or m/s2 m·s¥2. 

B ....................... vehicle load from drag and 
rolling resistance.

pound force per mile per 
hour or newton second 
per meter.

lbf/(mi/hr) or 
N·s/m.

kg·s¥1. 

β ........................ ratio of diameters ............... meter per meter ................. m/m .............. 1. 
β ........................ atomic oxygen to carbon 

ratio.
mole per mole .................... mol/mol ........ 1. 

c ........................ conversion factor ...............
C ....................... vehicle-specific aero-

dynamic effects.
pound force per mile per 

hour squared or newton- 
second squared per 
meter squared.

lbf/(mi/hr)2 or 
N·s2/m2.

m¥1·kg. 

C# ...................... number of carbon atoms in 
a molecule.

C# ....................................... number of 
carbon 
atoms in a 
molecule.

C#. 

Cd ...................... discharge coefficient ..........
CdA ................... drag area ........................... meter squared .................... m2 ................ m2. 
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Symbol Quantity Unit Unit symbol Unit in terms of SI base units 

Cf ...................... flow coefficient ...................
Cp ...................... heat capacity at constant 

pressure.
joule per kelvin ................... J/K ................ m2·kg·s¥2·K¥1. 

Cv ...................... heat capacity at constant 
volume.

joule per kelvin ................... J/K ................ m2·kg·s¥2·K¥1. 

d ........................ diameter ............................. meters ................................ m .................. m. 
D ....................... distance .............................. miles or meters .................. mi or m ........ m. 
D ....................... slope correlation ................ pound force per mile per 

hour squared or newton 
second squared per 
meter squared.

lbf/(mi/hr)2 or 
N·s2/m2.

m¥2·kg. 

DF ..................... dilution factor ..................... 1. 
e ........................ mass weighted emission 

result.
grams/mile ......................... g/mi ..............

F ....................... force ................................... pound force or newton ....... lbf or N ......... kg·s¥2. 
f ......................... frequency ........................... hertz ................................... Hz ................ s¥1. 
fn ....................... angular speed (shaft) ......... revolutions per minute ....... r/min ............. π·30·s¥1. 
FC ..................... friction compensation error horsepower or watt ............ W ................. m2·kg·s¥3. 
FR ..................... road-load force ................... pound force or newton ....... lbf or N ......... kg·s¥2. 
γ ........................ ratio of specific heats ......... (joule per kilogram kelvin) 

per (joule per kilogram 
kelvin).

(J/(kg·K))/(J/ 
(kg·K)).

1. 

H ....................... ambient humidity ................ grams water vapor per kilo-
gram dry air.

g H2O vapor/ 
kg dry air.

g H2O vapor/kg dry air. 

Δh ..................... change in height ................ meters ................................ m .................. m. 
I ......................... inertia ................................. pound mass or kilogram .... lbm or kg ...... kg. 
I ......................... current ................................ ampere ............................... A .................. A. 
i ......................... indexing variable ................
IR ...................... inertia work rating ..............
K ....................... correction factor ................. 1. 
Kv ...................... calibration coefficient ......... m4·s·K0.5/kg m4·kg¥1·s·K0.5. 
μ ....................... viscosity, dynamic .............. pascal second .................... Pa·s .............. m¥1·kg·s¥1. 
M ....................... molar mass ........................ gram per mole ................... g/mol ............ 10¥3·kg·mol¥1. 
Me ..................... effective mass .................... kilogram ............................. kg ................. kg. 
m ....................... mass .................................. pound mass or kilogram .... lbm or kg ...... kg. 
N ....................... total number in series ........
n ........................ total number of pulses in a 

series.
p ........................ pressure ............................. pascal ................................. Pa ................ m¥1·kg·s¥2. 
Δp ..................... differential static pressure .. pascal ................................. Pa ................ m¥1·kg·s¥2. 
pd ...................... saturated vapor pressure at 

ambient dry bulb tem-
perature.

kilopascal ........................... kPa ............... m¥1·kg·s¥2. 

PF ..................... penetration fraction ............
ρ ........................ mass density ...................... kilogram per cubic meter ... kg/m3 ........... m¥3·kg. 
R ....................... dynamometer roll revolu-

tions.
revolutions per minute ....... rpm ............... π·30¥1·s¥1. 

r ........................ ratio of pressures ............... pascal per pascal ............... Pa/Pa ........... 1. 
r2 ....................... coefficient of determination 
Re# .................... Reynolds number ...............
RF ..................... response factor ..................
RH .................... relative humidity .................
S ....................... Sutherland constant ........... kelvin .................................. K .................. K. 
SEE .................. standard estimate of error
SG .................... specific gravity ...................
Δs ...................... distance traveled during 

measurement interval.
meters ................................ m .................. m. 

T ....................... absolute temperature ......... kelvin .................................. K .................. K. 
T ....................... Celsius temperature ........... degree Celsius ................... °C ................. K¥273.15. 
T ....................... torque (moment of force) ... newton meter ..................... N·m .............. m2·kg·s¥2. 
t ......................... time .................................... hour or second ................... hr or s .......... s. 
Δt ...................... time interval, period, 1/fre-

quency.
second ............................... s ................... s. 

U ....................... voltage ............................... volt ..................................... V .................. m2·kg·s¥3·A¥1. 
v ........................ speed ................................. miles per hour or meters 

per second.
mi/hr or m/s m · s¥1. 

V ....................... volume ............................... cubic meter ........................ m3 ................ m3. 
V̇ ....................... flow volume rate ................ cubic feet per minute or 

cubic meter per second.
ft3min or ms3 m3 · s1. 

VP ..................... volume percent ..................
x ........................ concentration of emission 

over a test interval.
part per million ................... ppm ..............

y ........................ generic variable .................
Z ....................... compressibility factor .........
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(b) Symbols for chemical species. This 
part uses the following symbols for 
chemical species and exhaust constitu-
ents: 

Symbol Species 

CH4 .............. methane. 
CH3OH ........ methanol. 
CH2O ........... formaldehyde. 
C2H4O .......... acetaldehyde. 
C2H5OH ....... ethanol. 
C2H6 ............ ethane. 
C3H7OH ....... propanol. 
C3H8 ............ propane. 
C4H10 ........... butane. 
C5H12 ........... pentane. 
CO ............... carbon monoxide. 
CO2 .............. carbon dioxide. 
H2O .............. water. 
HC ............... hydrocarbon. 
N2 ................ molecular nitrogen. 
NMHC .......... nonmethane hydrocarbon. 
NMHCE ....... nonmethane hydrocarbon equivalent. 
NMOG ......... nonmethane organic gas. 
NO ............... nitric oxide. 
NO2 .............. nitrogen dioxide. 
NOX ............. oxides of nitrogen. 
N2O .............. nitrous oxide. 
O2 ................ molecular oxygen. 
OHC ............ oxygenated hydrocarbon. 
PM ............... particulate matter. 
THC ............. total hydrocarbon. 
THCE ........... total hydrocarbon equivalent. 

(c) Superscripts. This part uses the 
following superscripts to define a quan-
tity: 

Superscript Quantity 

overbar (such as ȳ) ............... arithmetic mean. 
overdot (such as ẏ) ................ quantity per unit time. 

(d) Subscripts. This part uses the fol-
lowing subscripts to define a quantity: 

Subscript Quantity 

0 .................. reference. 
abs ............... absolute quantity. 
AC17 ........... air conditioning 2017 test interval. 
act ................ actual or measured condition. 
actint ............ actual or measured condition over the speed 

interval. 
adj ................ adjusted. 
air ................ air, dry. 
atmos ........... atmospheric. 
b .................. base. 
bkgnd ........... background. 
c ................... cold. 
comp ............ composite. 
cor ............... corrected. 
cs ................. cold stabilized. 
ct .................. cold transient. 
cUDDS ........ cold-start UDDS. 
D .................. driven. 
dew .............. dewpoint. 
dexh ............. dilute exhaust quantity. 
dil ................. dilute. 
e .................. effective. 
emission ...... emission specie. 
error ............. error. 
EtOH ............ ethanol. 

Subscript Quantity 

exh ............... raw exhaust quantity. 
exp ............... expected quantity. 
fil .................. filter. 
final .............. final. 
flow .............. flow measurement device type. 
gas ............... gaseous. 
h .................. hot. 
HFET ........... highway fuel economy test. 
hs ................. hot stabilized. 
ht ................. hot transient. 
hUDDS ........ hot-start UDDS. 
i .................... an individual of a series. 
ID ................. driven inertia. 
in .................. inlet. 
int ................. intake. 
init ................ initial quantity, typically before an emission 

test. 
IT ................. target inertia. 
liq ................. liquid. 
max .............. the maximum (i.e. peak) value expected at 

the standard over a test interval; not the 
maximum of an instrument range. 

meas ............ measured quantity. 
mix ............... dilute exhaust gas mixture. 
out ............... outlet. 
PM ............... particulate matter. 
record .......... record. 
ref ................ reference quantity. 
rev ............... revolution. 
roll ................ dynamometer roll. 
s ................... settling. 
s ................... slip. 
s ................... stabilized. 
sat ................ saturated condition. 
SC03 ........... air conditioning driving schedule. 
span ............. span quantity. 
sda ............... secondary dilution air. 
std ................ standard conditions. 
T .................. target. 
t ................... throat. 
test ............... test quantity. 
uncor ........... uncorrected quantity. 
w .................. weighted. 
zero ............. zero quantity. 

(e) Other acronyms and abbreviations. 
This part uses the following additional 
abbreviations and acronyms: 

A/C ........... air conditioning. 
AC17 ........ air conditioning 2017 test interval. 
ALVW ....... adjusted loaded vehicle weight. 
ASME ....... American Society of Mechanical Engi-

neers. 
CFR .......... Code of Federal Regulations. 
CFV .......... critical-flow venturi. 
CNG ......... compressed natural gas. 
CVS .......... constant-volume sampler. 
EPA .......... Environmental Protection Agency. 
ETW ......... equivalent test weight. 
EV ............ electric vehicle. 
FID ........... flame-ionization detector. 
FTP .......... Federal test procedure. 
GC ............ gas chromatograph. 
GEM ......... greenhouse gas emissions model. 
GHG ......... greenhouse gas (including CO2, N2O, 

and CH4). 
GPS .......... global positioning system. 
GVWR ...... gross vehicle weight rating. 
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HEV .......... hybrid electric vehicle, including plug-in 
hybrid electric vehicles. 

HFET ........ highway fuel economy test. 
HLDT ........ heavy light-duty truck. 
HPLC ........ high pressure liquid chromatography. 
IBR ........... incorporated by reference. 
LA–92 ....... Los Angeles 1992 driving schedule. 
MDPV ....... medium-duty passenger vehicle. 
NIST ......... National Institute for Standards and 

Technology. 
NMC ......... nonmethane cutter. 
PDP .......... positive-displacement pump. 
PHEV ....... plug-in hybrid electric vehicle. 
PM ............ particulate matter. 
RESS ....... rechargeable energy storage system. 

ppm .......... parts per million. 
SAE .......... Society of Automotive Engineers. 
SC03 ........ air conditioning driving schedule. 
SEA .......... selective enforcement audit. 
SFTP ........ supplemental federal test procedure. 
SI .............. International System of Units. 
SSV .......... subsonic venturi. 
UDDS ....... urban dynamometer driving schedule. 
US06 ........ aggressive driving schedule. 
U.S.C. ....... United States Code. 
WWV ........ NIST radio station call sign. 

(f) This part uses the following den-
sities of chemical species: 

Symbol Quantity 1 2 g/m3 g/ft3 

ρCH4 .......................... density of methane ......................................................................... 666.905 18.8847 
ρCH3OH ...................... density of methanol ........................................................................ 1332.02 37.7185 
ρC2H5OH .................... C1-equivalent density of ethanol ..................................................... 957.559 27.1151 
ρC2H4O ...................... C1-equivalent density of acetaldehyde ........................................... 915.658 25.9285 
ρC3H8 ........................ density of propane .......................................................................... 611.035 17.3026 
ρC3H7OH .................... C1-equivalent density of propanol ................................................... 832.74 23.5806 
ρCO ........................... density of carbon monoxide ............................................................ 1164.41 32.9725 
ρCO2 .......................... density of carbon dioxide ................................................................ 1829.53 51.8064 
ρHC-gas ...................... effective density of hydrocarbon—gaseous fuel 3 .......................... (see 3) (see 3) 
ρCH2O ........................ density of formaldehyde .................................................................. 1248.21 35.3455 
ρHC-liq ....................... effective density of hydrocarbon—liquid fuel 4 ................................ 576.816 16.3336 
ρNMHC-gas .................. effective density of nonmethane hydrocarbon—gaseous fuel 3 ..... (see 3) (see 3) 
ρNMHC-liq ................... effective density of nonmethane hydrocarbon—liquid fuel 4 .......... 576.816 16.3336 
ρNMHCE-gas ................ effective density of nonmethane equivalent hydrocarbon—gas-

eous fuel 3.
(see 3) (see 3) 

ρNMHCE-liq ................. effective density of nonmethane equivalent hydrocarbon—liquid 
fuel 4.

576.816 16.3336 

ρNOx .......................... effective density of oxides of nitrogen 5 ......................................... 1912.5 54.156 
ρN2O .......................... density of nitrous oxide ................................................................... 1829.66 51.8103 
ρTHC-liq ...................... effective density of total hydrocarbon—liquid fuel 4 ........................ 576.816 16.3336 
ρTHCE-liq .................... effective density of total equivalent hydrocarbon—liquid fuel 4 ...... 576.816 16.3336 

1 Densities are given at 20 °C and 101.325 kPa. 
2 Densities for all hydrocarbon containing quantities are given in g/m3-carbon atom and g/ft3-carbon atom. 
3 The effective density for natural gas fuel and liquefied petroleum gas fuel are defined by an atomic hydrogen-to-carbon ratio, 

α, of the hydrocarbon components of the test fuel. ρHCgas = 41.57 · (12.011 + (α · 1.008)). 
4 The effective density for gasoline and diesel fuel are defined by an atomic hydrogen-to-carbon ratio, α, of 1.85. 
5 The effective density of NOX is defined by the molar mass of nitrogen dioxide, NO2. 

(g) Constants. (1) This part uses the following constants for the composition of 
dry air: 

Symbol Quantity mol/mol 

xArair ......................... amount of argon in dry air ........................................................................................... 0.00934 
xCO2air ...................... amount of carbon dioxide in dry air ............................................................................ 0.000375 
xN2air ........................ amount of nitrogen in dry air ....................................................................................... 0.78084 
xO2air ........................ amount of oxygen in dry air ........................................................................................ 0.209445 

(2) This part uses the following molar masses or effective molar masses of 
chemical species: 

Symbol Quantity g/mol 
(10¥3 · kg · mol¥1) 

Mair .......................... molar mass of dry air 1 ................................................................................................ 28.96559 
MH2O ........................ molar mass of water .................................................................................................... 18.01528 

1 See paragraph (g)(1) of this section for the composition of dry air. 

(3) This part uses the following molar gas constant for ideal gases: 

Symbol Quantity 
J/(mol · K) 

(m2 · kg · s¥2 · 
mol¥1 · K¥1) 

R .............................. molar gas constant ...................................................................................................... 8.314472 
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(h) Prefixes. This part uses the fol-
lowing prefixes to define a quantity: 

Symbol Quantity Value 

n ............................... nano ........................ 10¥9 
μ ............................... micro ........................ 10¥6 
m .............................. milli .......................... 10¥3 
c ............................... centi ......................... 10¥2 
k ............................... kilo ........................... 103 
M .............................. mega ....................... 106 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9124, Feb. 19, 2015; 81 FR 74215, Oct. 25, 
2016] 

§ 1066.1010 Incorporation by ref-
erence. 

(a) Certain material is incorporated 
by reference into this part with the ap-
proval of the Director of the Federal 
Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this sec-
tion, a document must be published in 
the FEDERAL REGISTER and the mate-
rial must be available to the public. All 
approved material is available for in-
spection at U.S. EPA, Air and Radi-
ation Docket and Information Center, 
1301 Constitution Ave. NW., Room B102, 
EPA West Building, Washington, DC 
20460, (202) 202–1744, and is available 
from the sources listed below. It is also 
available for inspection at the National 
Archives and Records Administration 
(NARA). For information on the avail-
ability of this material at NARA, call 
202–741–6030, or go to http:// 
www.archives.gov/federallregister/ 
codeloflfederallregulations/ 
ibrllocations.html. 

(b) SAE International material. The 
following standards are available from 
SAE International, 400 Commonwealth 
Dr., Warrendale, PA 15096–0001, (877) 
606–7323 (U.S. and Canada) or (724) 776– 
4970 (outside the U.S. and Canada), or 
http://www.sae.org: 

(1) SAE J1263, Road Load Measure-
ment and Dynamometer Simulation 
Using Coastdown Techniques, revised 
March 2010, IBR approved for 
§§ 1066.301(b), 1066.305(a), and 1066.310(b). 

(2) SAE J1634, Battery Electric Vehi-
cle Energy Consumption and Range 
Test Procedure, revised October 2012, 
IBR approved for § 1066.501(a). 

(3) SAE J1711, Recommended Prac-
tice for Measuring the Exhaust Emis-
sions and Fuel Economy of Hybrid- 

Electric Vehicles, Including Plug-In 
Hybrid Vehicles, revised June 2010, IBR 
approved for § 1066.501(a). 

(4) SAE J2263, Road Load Measure-
ment Using Onboard Anemometry and 
Coastdown Techniques, revised Decem-
ber 2008, IBR approved for §§ 1066.301(b), 
1066.305, and 1066.310(b). 

(5) SAE J2264, Chassis Dynamometer 
Simulation of Road Load Using 
Coastdown Techniques, revised Janu-
ary 2014, IBR approved for § 1066.315. 

(6) SAE J2711, Recommended Prac-
tice for Measuring Fuel Economy and 
Emissions of Hybrid-Electric and Con-
ventional Heavy-Duty Vehicles, issued 
September 2002, IBR approved for 
§ 1066.501(a). 

(7) SAE J2951, Drive Quality Evalua-
tion for Chassis Dynamometer Testing, 
revised January 2014, IBR approved for 
§ 1066.425(j). 

(c) National Institute of Standards 
and Technology material. The fol-
lowing documents are available from 
National Institute of Standards and 
Technology, 100 Bureau Drive, Stop 
1070, Gaithersburg, MD 20899–1070, (301) 
975–6478, or www.nist.gov: 

(1) NIST Special Publication 811, 2008 
Edition, Guide for the Use of the Inter-
national System of Units (SI), Physics 
Laboratory, March 2008, IBR approved 
for §§ 1066.20(a) and 1066.1005. 

(2) [Reserved] 

[79 FR 23823, Apr. 28, 2014, as amended at 80 
FR 9124, Feb. 19, 2015; 81 FR 74217, Oct. 25, 
2016] 

PART 1068—GENERAL COMPLI-
ANCE PROVISIONS FOR HIGH-
WAY, STATIONARY, AND 
NONROAD PROGRAMS 

Subpart A—Applicability and 
Miscellaneous Provisions 

Sec. 
1068.1 Does this part apply to me? 
1068.2 How does this part apply for engines 

and how does it apply for equipment? 
1068.5 How must manufacturers apply good 

engineering judgment? 
1068.10 Confidential information. 
1068.15 General provisions for EPA decision- 

making. 
1068.20 May EPA enter my facilities for in-

spections? 
1068.25 What information must I give to 

EPA? 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00391 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



382 

40 CFR Ch. I (7–1–18 Edition) Pt. 1068 

§ 1068.27 May EPA conduct testing with my 
engines/equipment? 

1068.30 What definitions apply to this part? 
1068.31 Changing the status of nonroad or 

stationary engines under the definition 
of ‘‘nonroad engine’’. 

1068.32 Explanatory terms. 
1068.35 Symbols, acronyms, and abbrevia-

tions. 
1068.40 Special provisions for implementing 

changes in the regulations in this part. 
1068.45 General labeling provisions. 
1068.95 What materials does this part ref-

erence? 

Subpart B—Prohibited Actions and Related 
Requirements 

1068.101 What general actions does this reg-
ulation prohibit? 

1068.103 Provisions related to the duration 
and applicability of certificates of con-
formity. 

1068.105 What other provisions apply to me 
specifically if I manufacture equipment 
needing certified engines? 

1068.110 Other provisions for engines/equip-
ment in service. 

1068.115 What are manufacturers’ emission- 
related warranty requirements? 

1068.120 Requirements for rebuilding en-
gines. 

1068.125 What happens if I violate the regu-
lations? 

Subpart C—Exemptions and Exclusions 

1068.201 General exemption and exclusion 
provisions. 

1068.210 Exempting text engines/equipment. 
1068.215 Exempting manufacturer-owned en-

gines/equipment. 
1068.220 Exempting display engines/equip-

ment. 
1068.225 Exempting engines/equipment for 

national security. 
1068.230 Exempting engines/equipment for 

export. 
1068.235 Exempting nonroad engines/equip-

ment used solely for competition. 
1068.240 Exempting new replacement en-

gines. 
1068.245 Temporary provisions addressing 

hardship due to unusual circumstances. 
1068.250 Extending compliance deadlines for 

small businesses under hardship. 
1068.255 Exempting engines and fuel-system 

components for hardship for equipment 
manufacturers and secondary engine 
manufacturers. 

1068.260 General provisions for selling or 
shipping engines that are not yet in their 
certified configuration. 

1068.261 Delegated assembly and other pro-
visions related to engines not yet in the 
certified configuration. 

1068.262 Shipment of engines to secondary 
engine manufacturers. 

1068.265 Provisions for engines/equipment 
conditionally exempted from certifi-
cation. 

Subpart D—Imports 

1068.301 General provisions for importing 
engines/equipment. 

1068.305 How do I get an exemption or exclu-
sion for imported engines/equipment? 

1068.310 Exclusions for imported engines/ 
equipment. 

1068.315 Permanent exemptions for im-
ported engines/equipment. 

1068.325 Temporary exemptions for im-
ported engines/equipment. 

1068.335 Penalties for violations. 
1068.360 Restrictions for assigning a model 

year to imported engines and equipment. 

Subpart E—Selective Enforcement Auditing 

1068.401 What is a selective enforcement 
audit? 

1068.405 What is in a test order? 
1068.410 How must I select and prepare my 

engines/equipment? 
1068.415 How do I test my engines/equip-

ment? 
1068.420 How do I know when my engine 

family fails an SEA? 
1068.425 What happens if one of my produc-

tion-line engines/equipment exceeds the 
emission standards? 

1068.430 What happens if a family fails an 
SEA? 

1068.435 May I sell engines/equipment from 
a family with a suspended certificate of 
conformity? 

1068.440 How do I ask EPA to reinstate my 
suspended certificate? 

1068.445 When may EPA revoke my certifi-
cate under this subpart and how may I 
sell these engines/equipment again? 

1068.450 What records must I send to EPA? 
1068.455 What records must I keep? 

APPENDIX A TO SUBPART E OF PART 1068— 
PLANS FOR SELECTIVE ENFORCEMENT AU-
DITING 

Subpart F—Reporting Defects and 
Recalling Engines/Equipment 

1068.501 How do I report emission-related 
defects? 

1068.505 How does the recall program work? 
1068.510 How do I prepare and apply my re-

medial plan? 
1068.515 How do I mark or label repaired en-

gines/equipment? 
1068.520 How do I notify affected owners? 
1068.525 What records must I send to EPA? 
1068.530 What records must I keep? 
1068.535 How can I do a voluntary recall for 

emission-related problems? 
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Subpart G—Hearings 

1068.601 Overview. 
1068.610 Request for hearing—suspending, 

revoking, or voiding a certificate of con-
formity. 

1068.615 Request for hearing—denied appli-
cation for certification, automatically 
suspended certificate, and determina-
tions related to certification. 

1068.620 Request for hearing—recall. 
1068.625 Request for hearing—nonconform-

ance penalties. 
1068.650 Procedures for informal hearings. 

APPENDIX I TO PART 1068—EMISSION-RELATED 
COMPONENTS 

APPENDIX II TO PART 1068—EMISSION-RE-
LATED PARAMETERS AND SPECIFICATIONS 

APPENDIX III TO PART 1068—HIGH-ALTITUDE 
COUNTIES 

AUTHORITY: 42 U.S.C. 7401–7671q. 

SOURCE: 73 FR 59344, Oct. 8, 2008, unless 
otherwise noted. 

Subpart A—Applicability and 
Miscellaneous Provisions 

§ 1068.1 Does this part apply to me? 

(a) The provisions of this part apply 
to everyone with respect to the engine 
and equipment categories as described 
in this paragraph (a). They apply to ev-
eryone, including owners, operators, 
parts manufacturers, and persons per-
forming maintenance. Where we iden-
tify an engine category, the provisions 
of this part also apply with respect to 
the equipment using such engines. This 
part 1068 applies to different engine and 
equipment categories as follows: 

(1) This part 1068 applies to motor ve-
hicles we regulate under 40 CFR part 
86, subpart S, to the extent and in the 
manner specified in 40 CFR parts 85 and 
86. 

(2) This part 1068 applies for heavy- 
duty motor vehicles we regulate under 
40 CFR part 1037, subject to the provi-
sions of 40 CFR parts 85 and 1037. This 
includes trailers. This part 1068 applies 
to other heavy-duty motor vehicles and 
motor vehicle engines to the extent 
and in the manner specified in 40 CFR 
parts 85, 86, and 1036. 

(3) This part 1068 applies to highway 
motorcycles we regulate under 40 CFR 
part 86, subparts E and F, to the extent 
and in the manner specified in 40 CFR 
parts 85 and 86. 

(4) This part 1068 applies to aircraft 
we regulate under 40 CFR part 87 to the 
extent and in the manner specified in 
40 CFR part 87. 

(5) This part 1068 applies for loco-
motives that are subject to the provi-
sions of 40 CFR part 1033. This part 1068 
does not apply for locomotives or loco-
motive engines that were originally 
manufactured before July 7, 2008, and 
that have not been remanufactured on 
or after July 7, 2008. 

(6) This part 1068 applies for land- 
based nonroad compression-ignition 
engines that are subject to the provi-
sions of 40 CFR part 1039. This part 1068 
does not apply for engines certified 
under 40 CFR part 89. 

(7) This part 1068 applies for sta-
tionary compression-ignition engines 
certified using the provisions of 40 CFR 
parts 89, 94, 1039, and 1042 as described 
in 40 CFR part 60, subpart IIII. 

(8) This part 1068 applies for marine 
compression-ignition engines that are 
subject to the provisions of 40 CFR part 
1042. This part 1068 does not apply for 
marine compression-ignition engines 
certified under 40 CFR part 94. 

(9) This part 1068 applies for marine 
spark-ignition engines that are subject 
to the provisions of 40 CFR part 1045. 
This part 1068 does not apply for ma-
rine spark-ignition engines certified 
under 40 CFR part 91. 

(10) This part 1068 applies for large 
nonroad spark-ignition engines that 
are subject to the provisions of 40 CFR 
part 1048. 

(11) This part 1068 applies for sta-
tionary spark-ignition engines cer-
tified using the provisions of 40 CFR 
part 1048 or part 1054, as described in 40 
CFR part 60, subpart JJJJ. 

(12) This part 1068 applies for rec-
reational engines and vehicles, includ-
ing snowmobiles, off-highway motor-
cycles, and all-terrain vehicles that are 
subject to the provisions of 40 CFR part 
1051. 

(13) This part applies for small 
nonroad spark-ignition engines that 
are subject to the provisions of 40 CFR 
part 1054. This part 1068 does not apply 
for nonroad spark-ignition engines cer-
tified under 40 CFR part 90. 

(14) This part applies for fuel-system 
components installed in nonroad equip-
ment powered by volatile liquid fuels 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00393 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



384 

40 CFR Ch. I (7–1–18 Edition) § 1068.2 

that are subject to the provisions of 40 
CFR part 1060. 

(b) [Reserved] 
(c) Paragraph (a) of this section iden-

tifies the parts of the CFR that define 
emission standards and other require-
ments for particular types of engines 
and equipment. This part 1068 refers to 
each of these other parts generically as 
the ‘‘standard-setting part.’’ For exam-
ple, 40 CFR part 1051 is always the 
standard-setting part for snowmobiles. 
Follow the provisions of the standard- 
setting part if they are different than 
any of the provisions in this part. 

(d) Specific provisions in this part 
1068 start to apply separate from the 
schedule for certifying engines/equip-
ment to new emission standards, as fol-
lows: 

(1) The provisions of §§ 1068.30 and 
1068.310 apply for stationary spark-igni-
tion engines built on or after January 
1, 2004, and for stationary compression- 
ignition engines built on or after Janu-
ary 1, 2006. 

(2) The provisions of §§ 1068.30 and 
1068.235 apply for the types of nonroad 
engines/equipment listed in paragraph 
(a) of this section beginning January 1, 
2004, if they are used solely for com-
petition. 

(3) The standard-setting part may 
specify how the provisions of this part 
1068 apply for uncertified engines/ 
equipment. 

[81 FR 74217, Oct. 25, 2016] 

§ 1068.2 How does this part apply for 
engines and how does it apply for 
equipment? 

(a) See the standard-setting part to 
determine if engine-based and/or equip-
ment-based standards apply. (Note: 
Some equipment is subject to engine- 
based standards for exhaust emission 
and equipment-based standards for 
evaporative emissions.) 

(b) The provisions of this part apply 
differently depending on whether the 
engine or equipment is required to be 
certified. 

(1) Subpart A and subpart B of this 
part apply to engines and equipment, 
without regard to which is subject to 
certification requirements in the 
standard-setting part. 

(2) Subparts C, D, and E of this part 
apply to the engines or to the equip-

ment, whichever is subject to certifi-
cation requirements in the standard- 
setting part. 

(3) Subpart F of this part generally 
applies to the engines or to the equip-
ment, whichever is subject to stand-
ards under the standard-setting part. 
However, since subpart F of this part 
addresses in-use engines and equipment 
(in which the engine is installed in the 
equipment), the requirements do not 
always distinguish between engines 
and equipment. 

(c) For issues related to testing, read 
the term ‘‘engines/equipment’’ to mean 
engines for engines subject to engine- 
based testing and equipment for equip-
ment subject to equipment-based test-
ing; otherwise, read the term ‘‘engines/ 
equipment’’ to mean engines for 
sources subject to engine-based stand-
ards and equipment for sources subject 
to equipment-based standards. 

(d) When we use the term engines 
(rather than engines/equipment), read 
it to mean engines without regard to 
whether the source is subject to en-
gine-based standards or testing. When 
we use the term equipment (rather 
than engines/equipment), read it to 
mean equipment without regard to 
whether the source is subject to equip-
ment-based standards or testing. (Note: 
The definition of ‘‘equipment’’ in 
§ 1068.30 includes the engine.) 

(e) The terminology convention de-
scribed in this section is not intended 
to limit our authority or your obliga-
tions under the Clean Air Act. 

§ 1068.5 How must manufacturers 
apply good engineering judgment? 

(a) You must use good engineering 
judgment for decisions related to any 
requirements under this chapter. This 
includes your applications for certifi-
cation, any testing you do to show that 
your certification, production-line, and 
in-use engines/equipment comply with 
requirements that apply to them, and 
how you select, categorize, determine, 
and apply these requirements. 

(b) If we send you a written request, 
you must give us a written description 
of the engineering judgment in ques-
tion. Respond within 15 working days 
of receiving our request unless we 
allow more time. 
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(c) We may reject your decision if it 
is not based on good engineering judg-
ment or is otherwise inconsistent with 
the requirements that apply, based on 
the following provisions: 

(1) We may suspend, revoke, or void a 
certificate of conformity if we deter-
mine you deliberately used incorrect 
information or overlooked important 
information, that you did not decide in 
good faith, or that your decision was 
not rational. 

(2) If we believe a different decision 
would better reflect good engineering 
judgment, but none of the provisions of 
paragraph (c)(1) of this section apply, 
we will tell you of our concern (and its 
basis). You will have 30 days to respond 
to our concerns, or more time if we 
agree that you need it to generate 
more information. After considering 
your information, we will give you a 
final ruling. If we conclude that you 
did not use good engineering judgment, 
we may reject your decision and apply 
the new ruling to similar situations as 
soon as possible. 

(d) We will tell you in writing of the 
conclusions we reach under paragraph 
(c) of this section and explain our rea-
sons for them. 

(e) If you disagree with our conclu-
sions, you may file a request for a 
hearing with the Designated Compli-
ance Officer as described in subpart G 
of this part. In your request, specify 
your objections, include data or sup-
porting analysis, and get your author-
ized representative’s signature. If we 
agree that your request raises a sub-
stantial factual issue, we will hold the 
hearing according to subpart F of this 
part. 

§ 1068.10 Confidential information. 
(a) Clearly show what you consider 

confidential by marking, circling, 
bracketing, stamping, or some other 
method. 

(b) We will store your confidential in-
formation as described in 40 CFR part 
2. Also, we will disclose it only as spec-
ified in 40 CFR part 2. This applies both 
to any information you send us and to 
any information we collect from in-
spections, audits, or other site visits. 

(c) If you send us a second copy with-
out the confidential information, we 
will assume it contains nothing con-

fidential whenever we need to release 
information from it. 

(d) If you send us information with-
out claiming it is confidential, we may 
make it available to the public without 
further notice to you, as described in 40 
CFR 2.204. 

§ 1068.15 General provisions for EPA 
decision-making. 

(a) Not all EPA employees may rep-
resent the Agency with respect to EPA 
decisions under this part or the stand-
ard-setting part. Only the Adminis-
trator of the Environmental Protection 
Agency or an official to whom the Ad-
ministrator has delegated specific au-
thority may represent the Agency. For 
more information, ask for a copy of the 
relevant sections of the EPA Delega-
tions Manual from the Designated 
Compliance Officer. 

(b) The regulations in this part and 
in the standard-setting part have spe-
cific requirements describing how to 
get EPA approval before you take spe-
cific actions. These regulations also 
allow us to waive some specific re-
quirements. For provisions or flexibili-
ties that we address frequently, we 
may choose to provide detailed guid-
ance in supplemental compliance in-
structions for manufacturers. Such in-
structions will generally state how 
they relate to the need for pre-ap-
proval. Unless we explicitly state so, 
you should not consider full compli-
ance with the instructions to be equiv-
alent to EPA approval. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74217, Oct. 25, 2016] 

§ 1068.20 May EPA enter my facilities 
for inspections? 

(a) We may inspect your testing, 
manufacturing processes, storage fa-
cilities (including port facilities for im-
ported engines and equipment or other 
relevant facilities), or records, as au-
thorized by the Clean Air Act, to en-
force the provisions of this chapter. In-
spectors will have authorizing creden-
tials and will limit inspections to rea-
sonable times—usually, normal oper-
ating hours. 

(b) We may select any facility to do 
any of the following: 

(1) Inspect and monitor any aspect of 
engine or equipment manufacturing, 
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assembly, storage, or other procedures, 
and any facilities where you do them. 

(2) Inspect and monitor any aspect of 
engine or equipment test procedures or 
test-related activities, including test 
engine/equipment selection, prepara-
tion, service accumulation, emission 
duty cycles, and maintenance and 
verification of your test equipment’s 
calibration. 

(3) Inspect and copy records or docu-
ments related to assembling, storing, 
selecting, and testing an engine or 
piece of equipment. 

(4) Inspect and photograph any part 
or aspect of engines or equipment and 
components you use for assembly. 

(c) You must give us reasonable help 
without charge during an inspection 
authorized by the Clean Air Act. For 
example, you may need to help us ar-
range an inspection with the facility’s 
managers, including clerical support, 
copying, and translation. You may also 
need to show us how the facility oper-
ates and answer other questions. If we 
ask in writing to see a particular em-
ployee at the inspection, you must en-
sure that he or she is present (legal 
counsel may accompany the employee). 

(d) If you have facilities in other 
countries, we expect you to locate 
them in places where local law does not 
keep us from inspecting as described in 
this section. We will not try to inspect 
if we learn that local law prohibits it, 
but we may suspend your certificate if 
we are not allowed to inspect. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74217, Oct. 25, 2016] 

§ 1068.25 What information must I give 
to EPA? 

If you are subject to the require-
ments of this part, we may require you 
to give us information to evaluate your 
compliance with any regulations that 
apply, as authorized by the Clean Air 
Act. This includes the following things: 

(a) You must provide the information 
we require in this chapter. We may re-
quire an authorized representative of 
your company to approve and sign any 
submission of information to us, and to 
certify that the information is accu-
rate and complete. 

(b) You must establish and maintain 
records, perform tests, make reports 
and provide additional information 

that we may reasonably require under 
section 208 of the Clean Air Act (42 
U.S.C. 7542). This also applies to en-
gines/equipment we exempt from emis-
sion standards or prohibited acts. Un-
less we specify otherwise, you must 
keep required records for eight years. 

(c) You are responsible for state-
ments and information in your applica-
tions for certification or any other re-
quests or reports. If you provide state-
ments or information to someone for 
submission to EPA, you are responsible 
for these statements and information 
as if you had submitted them to EPA 
yourself. For example, knowingly sub-
mitting false information to someone 
else for inclusion in an application for 
certification would be deemed to be a 
submission of false information to the 
U.S. government in violation of 18 
U.S.C. 1001. 

[73 FR 59344, Oct. 8, 2008, as amended at 75 FR 
23058, Apr. 30, 2010] 

§ 1068.27 May EPA conduct testing 
with my engines/equipment? 

(a) As described in the standard-set-
ting part, we may perform testing on 
your engines/equipment before we issue 
a certificate of conformity. This is gen-
erally known as confirmatory testing. 

(b) If we request it, you must make a 
reasonable number of production-line 
engines or pieces of production-line 
equipment available for a reasonable 
time so we can test or inspect them for 
compliance with the requirements of 
this chapter. 

(c) If your emission-data engine/ 
equipment or production engine/equip-
ment requires special components for 
proper testing, you must promptly pro-
vide any such components to us if we 
ask for them. 

[81 FR 74217, Oct. 25, 2016] 

§ 1068.30 Definitions. 
The following definitions apply to 

this part. The definitions apply to all 
subparts unless we note otherwise. All 
undefined terms have the meaning the 
Clean Air Act gives to them. The defi-
nitions follow: 

Affiliated companies or affiliates means 
one of the following: 

(1) For determinations related to 
small manufacturer allowances or 
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other small business provisions, these 
terms mean all entities considered to 
be affiliates with your entity under the 
Small Business Administration’s regu-
lations in 13 CFR 121.103. 

(2) For all other provisions, these 
terms mean all of the following: 

(i) Parent companies (as defined in 
this section). 

(ii) Subsidiaries (as defined in this 
section). 

(iii) Subsidiaries of your parent com-
pany. 

Aftertreatment means relating to a 
catalytic converter, particulate filter, 
or any other system, component, or 
technology mounted downstream of the 
exhaust valve (or exhaust port) whose 
design function is to reduce emissions 
in the engine exhaust before it is ex-
hausted to the environment. Exhaust 
gas recirculation (EGR) is not 
aftertreatment. 

Aircraft means any vehicle capable of 
sustained air travel more than 100 feet 
above the ground. 

Certificate holder means a manufac-
turer (including importers) with a valid 
certificate of conformity for at least 
one family in a given model year, or 
the preceding model year. Note that 
only manufacturers may hold certifi-
cates. Your applying for or accepting a 
certificate is deemed to be your agree-
ment that you are a manufacturer. 

Clean Air Act means the Clean Air 
Act, as amended, 42 U.S.C. 7401– 7671q. 

Date of manufacture means one of the 
following: 

(1) For engines, the date on which the 
crankshaft is installed in an engine 
block, with the following exceptions: 

(i) For engines produced by sec-
ondary engine manufacturers under 
§ 1068.262, date of manufacture means 
the date the engine is received from 
the original engine manufacturer. You 
may assign an earlier date up to 30 
days before you received the engine, 
but not before the crankshaft was in-
stalled. You may not assign an earlier 
date if you cannot demonstrate the 
date the crankshaft was installed. 

(ii) Manufacturers may assign a date 
of manufacture at a point in the assem-
bly process later than the date other-
wise specified under this definition. 
For example, a manufacturer may use 
the build date printed on the label or 

stamped on the engine as the date of 
manufacture. 

(2) For equipment, the date on which 
the engine is installed, unless other-
wise specified in the standard-setting 
part. Manufacturers may alternatively 
assign a date of manufacture later in 
the assembly process. 

Days means calendar days, including 
weekends and holidays. 

Defeat device has the meaning given 
in the standard-setting part. 

Designated Compliance Officer means 
one of the following: 

(1) For motor vehicles regulated 
under 40 CFR part 86, subpart S: Direc-
tor, Light-Duty Vehicle Center, U.S. 
Environmental Protection Agency, 2000 
Traverwood Drive, Ann Arbor, MI 48105; 
complianceinfo@epa.gov; epa.gov/otaq/ 
verify. 

(2) For compression-ignition engines 
used in heavy-duty highway vehicles 
regulated under 40 CFR part 86, subpart 
A, and 40 CFR parts 1036 and 1037, and 
for nonroad and stationary compres-
sion-ignition engines or equipment reg-
ulated under 40 CFR parts 60, 1033, 1039, 
and 1042: Director, Diesel Engine Com-
pliance Center, U.S. Environmental 
Protection Agency, 2000 Traverwood 
Drive, Ann Arbor, MI 48105; 
complianceinfo@epa.gov; epa.gov/otaq/ 
verify. 

(3) Director, Gasoline Engine Compli-
ance Center, U.S. Environmental Pro-
tection Agency, 2000 Traverwood Drive, 
Ann Arbor, MI 48105; nonroad-si- 
cert@epa.gov; epa.gov/otaq/verify, for all 
the following engines and vehicles: 

(i) For spark-ignition engines used in 
heavy-duty highway vehicles regulated 
under 40 CFR part 86, subpart A, and 40 
CFR parts 1036 and 1037, 

(ii) For highway motorcycles regu-
lated under 40 CFR part 86, subpart E. 

(iii) For nonroad and stationary 
spark-ignition engines or equipment 
regulated under 40 CFR parts 60, 1045, 
1048, 1051, 1054, and 1060. 

Engine means an engine block with 
an installed crankshaft, or a gas tur-
bine engine. The term engine does not 
include engine blocks without an in-
stalled crankshaft, nor does it include 
any assembly of reciprocating engine 
components that does not include the 
engine block. (NOTE: For purposes of 
this definition, any component that is 
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the primary means of converting an en-
gine’s energy into usable work is con-
sidered a crankshaft, whether or not it 
is known commercially as a crank-
shaft.) This includes complete and par-
tially complete engines as follows: 

(1) A complete engine is a fully as-
sembled engine in its final configura-
tion. In the case of equipment-based 
standards, an engine is not considered 
complete until it is installed in the 
equipment, even if the engine itself is 
fully assembled. 

(2) A partially complete engine is an 
engine that is not fully assembled or is 
not in its final configuration. Except 
where we specify otherwise in this part 
or the standard-setting part, partially 
complete engines are subject to the 
same standards and requirements as 
complete engines. The following would 
be considered examples of partially 
complete engines: 

(i) An engine that is missing certain 
emission-related components. 

(ii) A new engine that was originally 
assembled as a motor-vehicle engine 
that will be recalibrated for use as a 
nonroad engine. 

(iii) A new engine that was originally 
assembled as a land-based engine that 
will be modified for use as a marine 
propulsion engine. 

(iv) A short block consisting of a 
crankshaft and other engine compo-
nents connected to the engine block, 
but missing the head assembly. 

(v) A long block consisting of all en-
gine components except the fuel sys-
tem and an intake manifold. 

(vi) In the case of equipment-based 
standards, a fully functioning engine 
that is not yet installed in the equip-
ment. For example, a fully functioning 
engine that will be installed in an off- 
highway motorcycle or a locomotive is 
considered partially complete until it 
is installed in the equipment. 

Engine-based standard means an emis-
sion standard expressed in units of 
grams of pollutant per kilowatt-hour 
(or grams of pollutant per horsepower- 
hour) that applies to the engine. Emis-
sion standards are either engine-based 
or equipment-based. Note that engines 
may be subject to additional standards 
such as smoke standards. 

Engine-based test means an emission 
test intended to measure emissions in 

units of grams of pollutant per kilo-
watt-hour (or grams of pollutant per 
horsepower-hour), without regard to 
whether the standard applies to the en-
gine or equipment. Note that some 
products that are subject to engine- 
based testing are subject to additional 
test requirements such as for smoke. 

Engine configuration means a unique 
combination of engine hardware and 
calibration within an engine family. 
Engines within a single engine configu-
ration differ only with respect to nor-
mal production variability or factors 
unrelated to emissions. 

Engine/equipment and engines/equip-
ment mean engine(s) and/or equipment 
depending on the context. Specifically 
these terms mean the following: 

(1) Engine(s) when only engine-based 
standards apply. 

(2) Engine(s) for testing issues when 
engine-based testing applies. 

(3) Engine(s) and equipment when 
both engine-based and equipment-based 
standards apply. 

(4) Equipment when only equipment- 
based standards apply. 

(5) Equipment for testing issues when 
equipment-based testing applies. 

Equipment means one of the following 
things: 

(1) Any vehicle, vessel, or other type 
of equipment that is subject to the re-
quirements of this part or that uses an 
engine that is subject to the require-
ments of this part. An installed engine 
is part of the equipment. Motor vehicle 
trailers are a type of equipment that is 
subject to the requirements of this 
part. 

(2) Fuel-system components that are 
subject to an equipment-based stand-
ard under this chapter. Installed fuel- 
system components are also considered 
part of the engine/equipment to which 
they are attached. 

Equipment-based standard means an 
emission standard that applies to the 
equipment in which an engine is used 
or to fuel-system components associ-
ated with an engine, without regard to 
how the emissions are measured. If 
equipment-based standards apply, we 
require that the equipment or fuel-sys-
tem components be certified rather 
than just the engine. Emission stand-
ards are either engine-based or equip-
ment-based. For example, recreational 
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vehicles we regulate under 40 CFR part 
1051 are subject to equipment-based 
standards even if emission measure-
ments are based on engine operation 
alone. 

Excluded means relating to engines/ 
equipment that are not subject to 
emission standards or other require-
ments because they do not meet the 
definitions or other regulatory provi-
sions that define applicability. For ex-
ample, a non-stationary engine that is 
used solely for off-highway competi-
tion is excluded from the requirements 
of this part because it meets neither 
the definition of ‘‘motor vehicle en-
gine’’ nor ‘‘nonroad engine’’ under sec-
tion 216 of the Clean Air Act. 

Exempted means relating to engines/ 
equipment that are subject to certain 
standards or other requirements, but 
are not required to meet those stand-
ards or requirements, subject to one or 
more qualifying conditions. Exempted 
engines/equipment must conform to 
regulatory conditions specified for an 
exemption in this part 1068 or in the 
standard-setting part. Engines/equip-
ment exempted with respect to a cer-
tain tier of standards may be required 
to comply with an earlier tier of stand-
ards as a condition of the exemption; 
for example, engines exempted with re-
spect to Tier 3 standards may be re-
quired to comply with Tier 1 or Tier 2 
standards. 

Family means engine family or emis-
sion family, as applicable, under the 
standard-setting part. 

Final deteriorated test result has the 
meaning given in the standard-setting 
part. If it is not defined in the stand-
ard-setting part, it means the emission 
level that results from applying all ap-
propriate adjustments (such as deterio-
ration factors) to the measured emis-
sion result of the emission-data engine. 

Gas turbine engine means anything 
commercially known as a gas turbine 
engine or any collection of assembled 
engine components that is substan-
tially similar to engines commercially 
known as gas turbine engines. For ex-
ample, a jet engine is a gas turbine en-
gine. Gas turbine engines may be com-
plete or partially complete. Turbines 
that rely on external combustion such 
as steam engines are not gas turbine 
engines. 

Good engineering judgment means 
judgments made consistent with gen-
erally accepted scientific and engineer-
ing principles and all available rel-
evant information. See § 1068.5. 

Manufacturer has the meaning given 
in section 216(1) of the Clean Air Act 
(42 U.S.C. 7550(1)). In general, this term 
includes any person who manufactures 
or assembles an engine or piece of 
equipment for sale in the United States 
or otherwise introduces a new engine 
or piece of equipment into U.S. com-
merce. This includes importers that 
import new engines or new equipment 
into the United States for resale. It 
also includes secondary engine manu-
facturers. 

Model year has the meaning given in 
the standard-setting part. Unless the 
standard-setting part specifies other-
wise, model year for individual engines/ 
equipment is based on the date of man-
ufacture or a later stage in the assem-
bly process determined by the manu-
facturer, subject to the limitations de-
scribed in §§ 1068.103 and 1068.360. The 
model year of a new engine that is nei-
ther certified nor exempt is deemed to 
be the calendar year in which it is sold, 
offered for sale, imported, or delivered 
or otherwise introduced into U.S. com-
merce. 

Motor vehicle has the meaning given 
in 40 CFR 85.1703. 

New has the meaning we give it in 
the standard-setting part. Note that in 
certain cases, used and remanufactured 
engines/equipment may be ‘‘new’’ en-
gines/equipment. 

Nonroad engine means: 
(1) Except as discussed in paragraph 

(2) of this definition, a nonroad engine 
is an internal combustion engine that 
meets any of the following criteria: 

(i) It is (or will be) used in or on a 
piece of equipment that is self-pro-
pelled or serves a dual purpose by both 
propelling itself and performing an-
other function (such as garden trac-
tors, off-highway mobile cranes and 
bulldozers). 

(ii) It is (or will be) used in or on a 
piece of equipment that is intended to 
be propelled while performing its func-
tion (such as lawnmowers and string 
trimmers). 
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(iii) By itself or in or on a piece of 
equipment, it is portable or transport-
able, meaning designed to be and capa-
ble of being carried or moved from one 
location to another. Indicia of trans-
portability include, but are not limited 
to, wheels, skids, carrying handles, 
dolly, trailer, or platform. 

(2) An internal combustion engine is 
not a nonroad engine if it meets any of 
the following criteria: 

(i) The engine is used to propel a 
motor vehicle, an aircraft, or equip-
ment used solely for competition. 

(ii) The engine is regulated under 40 
CFR part 60, (or otherwise regulated by 
a federal New Source Performance 
Standard promulgated under section 
111 of the Clean Air Act (42 U.S.C. 
7411)). Note that this criterion does not 
apply for engines meeting any of the 
criteria of paragraph (1) of this defini-
tion that are voluntarily certified 
under 40 CFR part 60. 

(iii) The engine otherwise included in 
paragraph (1)(iii) of this definition re-
mains or will remain at a location for 
more than 12 consecutive months or a 
shorter period of time for an engine lo-
cated at a seasonal source. A location 
is any single site at a building, struc-
ture, facility, or installation. For any 
engine (or engines) that replaces an en-
gine at a location and that is intended 
to perform the same or similar func-
tion as the engine replaced, include the 
time period of both engines in calcu-
lating the consecutive time period. An 
engine located at a seasonal source is 
an engine that remains at a seasonal 
source during the full annual operating 
period of the seasonal source. A sea-
sonal source is a stationary source that 
remains in a single location on a per-
manent basis (i.e., at least two years) 
and that operates at that single loca-
tion approximately three months (or 
more) each year. See § 1068.31 for provi-
sions that apply if the engine is re-
moved from the location. 

Operating hours means: 
(1) For engine and equipment storage 

areas or facilities, times during which 
people other than custodians and secu-
rity personnel are at work near, and 
can access, a storage area or facility. 

(2) For other areas or facilities, times 
during which an assembly line operates 

or any of the following activities oc-
curs: 

(i) Testing, maintenance, or service 
accumulation. 

(ii) Production or compilation of 
records. 

(iii) Certification testing. 
(iv) Translation of designs from the 

test stage to the production stage. 
(v) Engine or equipment manufacture 

or assembly. 
Parent company means any entity 

that has a controlling ownership of an-
other company. Note that the stand-
ard-setting part may treat a partial 
owner as a parent company even if it 
does not have controlling ownership of 
a company. 

Piece of equipment means any vehicle, 
vessel, locomotive, aircraft, or other 
type of equipment equipped with en-
gines to which this part applies. 

Placed into service means used for its 
intended purpose. Engines/equipment 
do not qualify as being ‘‘placed into 
service’’ based on incidental use by a 
manufacturer or dealer. 

Reasonable technical basis means in-
formation that would lead a person fa-
miliar with engine design and function 
to reasonably believe a conclusion re-
lated to compliance with the require-
ments of this part. For example, it 
would be reasonable to believe that 
parts performing the same function as 
the original parts (and to the same de-
gree) would control emissions to the 
same degree as the original parts. Note 
that what is a reasonable basis for a 
person without technical training 
might not qualify as a reasonable tech-
nical basis. 

Relating to as used in this section 
means relating to something in a spe-
cific, direct manner. This expression is 
used in this section only to define 
terms as adjectives and not to broaden 
the meaning of the terms. Note that 
‘‘relating to’’ is used in the same man-
ner as in the standard-setting parts. 

Replacement engine means an engine 
exempted as a replacement engine 
under § 1068.240. 

Revoke means to terminate the cer-
tificate or an exemption for a family. If 
we revoke a certificate or exemption, 
you must apply for a new certificate or 
exemption before continuing to intro-
duce the affected engines/equipment 
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into U.S. commerce. This does not 
apply to engines/equipment you no 
longer possess. 

Secondary engine manufacturer means 
anyone who produces a new engine by 
modifying a complete or partially com-
plete engine that was made by a dif-
ferent company. For the purpose of 
this definition, ‘‘modifying’’ does not 
include making changes that do not re-
move an engine from its original cer-
tified configuration. Secondary engine 
manufacturing includes, for example, 
converting automotive engines for use 
in industrial applications, or land- 
based engines for use in marine appli-
cations. This applies whether it in-
volves a complete or partially com-
plete engine and whether the engine 
was previously certified to emission 
standards or not. 

(1) Manufacturers controlled by the 
manufacturer of the base engine (or by 
an entity that also controls the manu-
facturer of the base engine) are not sec-
ondary engine manufacturers; rather, 
both entities are considered to be one 
manufacturer for purposes of this part. 

(2) This definition applies equally to 
equipment manufacturers that modify 
engines. Also, equipment manufactur-
ers that certify to equipment-based 
standards using engines produced by 
another company are deemed to be sec-
ondary engine manufacturers. 

(3) Except as specified in paragraph 
(2) of this definition, companies im-
porting complete engines into the 
United States are not secondary engine 
manufacturers regardless of the proce-
dures and relationships between com-
panies for assembling the engines. 

Small business means either of the fol-
lowing: 

(1) A company that qualifies under 
the standard-setting part for special 
provisions for small businesses or 
small-volume manufacturers. 

(2) A company that qualifies as a 
small business under the regulations 
adopted by the Small Business Admin-
istration at 13 CFR 121.201 if the stand-
ard-setting part does not establish such 
qualifying criteria. 

Standard-setting part means a part in 
the Code of Federal Regulations that 
defines emission standards for a par-
ticular engine and/or piece of equip-
ment (see § 1068.1(a)). For example, the 

standard-setting part for marine spark- 
ignition engines is 40 CFR part 1045. 
For provisions related to evaporative 
emissions, the standard-setting part 
may be 40 CFR part 1060, as specified in 
40 CFR 1060.1. 

Subsidiary means an entity that is 
owned or controlled by a parent com-
pany. 

Sulfur-sensitive technology means an 
emission control technology that expe-
riences a significant drop in emission 
control performance or emission-sys-
tem durability when an engine is oper-
ated on low-sulfur diesel fuel (i.e., fuel 
with a sulfur concentration of 300 to 500 
ppm) as compared to when it is oper-
ated on ultra low-sulfur diesel fuel (i.e., 
fuel with a sulfur concentration less 
than 15 ppm). Exhaust gas recircula-
tion is not a sulfur-sensitive tech-
nology. 

Suspend means to temporarily dis-
continue the certificate or an exemp-
tion for a family. If we suspend a cer-
tificate, you may not sell, offer for 
sale, or introduce or deliver into com-
merce in the United States or import 
into the United States engines/equip-
ment from that family unless we rein-
state the certificate or approve a new 
one. This also applies if we suspend an 
exemption, unless we reinstate the ex-
emption. 

Ultimate purchaser means the first 
person who in good faith purchases a 
new engine or new piece of equipment 
for purposes other than resale. 

United States, in a geographic sense, 
means the States, the District of Co-
lumbia, the Commonwealth of Puerto 
Rico, the Commonwealth of the North-
ern Mariana Islands, Guam, American 
Samoa, and the U.S. Virgin Islands. 

U.S.-directed production volume has 
the meaning given in the standard-set-
ting part. 

Void means to invalidate a certificate 
or an exemption ab initio (‘‘from the be-
ginning’’). If we void a certificate, all 
the engines/equipment introduced into 
U.S. commerce under that family for 
that model year are considered 
uncertified (or nonconforming) and are 
therefore not covered by a certificate 
of conformity, and you are liable for all 
engines/equipment introduced into U.S. 
commerce under the certificate and 
may face civil or criminal penalties or 
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both. This applies equally to all en-
gines/equipment in the family, includ-
ing engines/equipment introduced into 
U.S. commerce before we voided the 
certificate. If we void an exemption, all 
the engines/equipment introduced into 
U.S. commerce under that exemption 
are considered uncertified (or noncon-
forming), and you are liable for en-
gines/equipment introduced into U.S. 
commerce under the exemption and 
may face civil or criminal penalties or 
both. You may not sell, offer for sale, 
or introduce or deliver into commerce 
in the United States or import into the 
United States any additional engines/ 
equipment using the voided exemption. 

Voluntary emission recall means a re-
pair, adjustment, or modification pro-
gram voluntarily initiated and con-
ducted by a manufacturer to remedy 
any emission-related defect for which 
engine owners have been notified. 

We (us, our) means the Administrator 
of the Environmental Protection Agen-
cy and any authorized representatives. 

[81 FR 74218, Oct. 25, 2016] 

§ 1068.31 Changing the status of 
nonroad or stationary engines 
under the definition of ‘‘nonroad 
engine’’. 

This section specifies the provisions 
that apply when an engine previously 
used in a nonroad application is subse-
quently used in an application other 
than a nonroad application, or when an 
engine previously used in a stationary 
application (i.e., an engine that was not 
used as a nonroad engine and that was 
not used to propel a motor vehicle, an 
aircraft, or equipment used solely for 
competition) is moved. 

(a) Changing the status of a sta-
tionary engine to be a new nonroad en-
gine as described in paragraph (b) of 
this section is a violation of 
§ 1068.101(a)(1) or (b)(3) unless the en-
gine has been certified to be compliant 
with all requirements of this chapter 
that apply to new nonroad engines of 
the same type (for example, a compres-
sion-ignition engine rated at 40 kW) 
and model year, and is in its certified 
configuration. Note that the defini-
tions of ‘‘model year’’ in the standard- 
setting parts generally identify the en-
gine’s original date of manufacture as 
the basis for determining which stand-

ards apply if it becomes a nonroad en-
gine after it is no longer new. For ex-
ample, see 40 CFR 1039.801 and 1048.801. 

(b) A stationary engine becomes a 
new nonroad engine if— 

(1) It is used in an application that 
meets the criteria specified in para-
graphs (1)(i) or (ii) in the definition of 
‘‘nonroad engine’’ in § 1068.30. 

(2) It meets the criteria specified in 
paragraph (1)(iii) of the definition of 
‘‘nonroad engine’’ in § 1068.30 and is 
moved so that it fails to meet (or no 
longer meets) the criteria specified in 
paragraph (2)(iii) in the definition of 
‘‘nonroad engine’’ in § 1068.30. 

(c) A stationary engine does not be-
come a new nonroad engine if it is 
moved but continues to meet the cri-
teria specified in paragraph (2)(iii) in 
the definition of ‘‘nonroad engine’’ in 
§ 1068.30 in its new location. For exam-
ple, a transportable engine that is used 
in a single specific location for 18 
months and is later moved to a second 
specific location where it will remain 
for at least 12 months is considered to 
be a stationary engine in both loca-
tions. Note that for stationary engines 
that are neither portable nor trans-
portable in actual use, the residence- 
time restrictions in the definition of 
‘‘nonroad engine’’ generally do not 
apply. 

(d) Changing the status of a nonroad 
engine to be a new stationary engine as 
described in paragraph (e) of this sec-
tion is a violation of § 1068.101(a)(1) un-
less the engine complies with all the 
requirements of this chapter for new 
stationary engines of the same type 
(for example, a compression-ignition 
engine rated at 40 kW) and model year. 
For a new stationary engine that is re-
quired to be certified under 40 CFR 
part 60, the engine must have been cer-
tified to be compliant with all the re-
quirements that apply to new sta-
tionary engines of the same type and 
model year, and must be in its certified 
configuration. Note that the defini-
tions of ‘‘model year’’ in the standard- 
setting parts generally identify the en-
gine’s original date of manufacture as 
the basis for determining which stand-
ards apply if it becomes a stationary 
engine after it is no longer new. For ex-
ample, see 40 CFR 60.4219 and 60.4248. 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00402 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



393 

Environmental Protection Agency § 1068.32 

(e) A nonroad engine ceases to be a 
nonroad engine and becomes a new sta-
tionary engine if— 

(1) At any time, it meets the criteria 
specified in paragraph (2)(iii) in the 
definition of ‘‘nonroad engine’’ in 
§ 1068.30. For example, a portable gener-
ator engine ceases to be a nonroad en-
gine if it is used or will be used in a 
single specific location for 12 months 
or longer. If we determine that an en-
gine will be or has been used in a single 
specific location for 12 months or 
longer, it ceased to be a nonroad engine 
when it was placed in that location. 

(2) It is otherwise regulated by a fed-
eral New Source Performance Standard 
promulgated under section 111 of the 
Clean Air Act (42 U.S.C. 7411). 

(f) A nonroad engine ceases to be a 
nonroad engine if it is used to propel a 
motor vehicle, an aircraft, or equip-
ment used solely for competition. See 
40 CFR part 86 for requirements appli-
cable to motor vehicles and motor ve-
hicle engines. See 40 CFR part 87 for re-
quirements applicable to aircraft and 
aircraft engines. See § 1068.235 for re-
quirements applicable to equipment 
used solely for competition. 

[73 FR 59344, Oct. 8, 2008, as amended at 75 FR 
23059, Apr. 30, 2010; 81 FR 74221, Oct. 25, 2016] 

§ 1068.32 Explanatory terms. 
This section explains how certain 

phrases and terms are used in 40 CFR 
parts 1000 through 1099, especially 
those used to clarify and explain regu-
latory provisions. 

(a) Types of provisions. The term 
‘‘provision’’ includes all aspects of the 
regulations in this subchapter U. As 
described in this section, regulatory 
provisions include standards, require-
ments, prohibitions, and allowances, 
along with a variety of other types of 
provisions. In certain cases, we may 
use these terms to apply to some but 
not all of the provisions of a part or 
section. For example, we may apply 
the allowances of a section for certain 
engines, but not the requirements. We 
may also apply all provisions except 
the requirements and prohibitions. 

(1) A standard is a requirement estab-
lished by regulation that limits the 
emissions of air pollutants. Examples 
of standards include numerical emis-
sion standards (such as 0.01 g/kW-hr) 

and design standards (such as a closed 
crankcase standard). Compliance with 
or conformance to a standard is a spe-
cific type of requirement, and in some 
cases a standard may be discussed as a 
requirement. Thus, a statement about 
the requirements of a part or section 
also applies with respect to the stand-
ards of the part or section. 

(2) The regulations in subchapter U 
of this chapter apply other require-
ments in addition to standards. For ex-
ample, manufacturers are required to 
keep records and provide reports to 
EPA. 

(3) While requirements state what 
someone must do, prohibitions state 
what someone may not do. Prohibi-
tions are often referred to as prohibited 
acts or prohibited actions. Most pen-
alties apply for violations of prohibi-
tions. A list of prohibitions may there-
fore include the failure to meet a re-
quirement as a prohibited action. 

(4) Allowances provide some form of 
relief from requirements. This may in-
clude provisions delaying implementa-
tion, establishing exemptions or test 
waivers, or creating alternative com-
pliance options. Allowances may be 
conditional. For example, we may ex-
empt you from certain requirements on 
the condition that you meet certain 
other requirements. 

(5) The regulations in subchapter U 
of this chapter also include important 
provisions that are not standards, re-
quirements, prohibitions, or allow-
ances, such as definitions. 

(6) Engines/equipment are generally 
considered ‘‘subject to’’ a specific provi-
sion if that provision applies, or if it 
does not apply because of an exemption 
authorized under the regulation. For 
example, locomotives are subject to 
the provisions of 40 CFR part 1033 even 
if they are exempted from the stand-
ards of part 1033. 

(b) Singular and plural. Unless stated 
otherwise or unless it is clear from the 
regulatory context, provisions written 
in singular form include the plural 
form and provisions written in plural 
form include the singular form. For ex-
ample, the statement ‘‘The manufac-
turer must keep this report for three 
years’’ is equivalent to ‘‘The manufac-
turers must keep these reports for 
three years.’’ 
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(c) Inclusive lists. Lists in the regula-
tions in subchapter U of this chapter 
prefaced by ‘‘including’’ or ‘‘this in-
cludes’’ are not exhaustive. The terms 
‘‘including’’ and ‘‘this includes’’ should 
be read to mean ‘‘including but not 
limited to’’ and ‘‘this includes but is 
not limited to’’. For example, the 
phrase ‘‘including small manufactur-
ers’’ does not exclude large manufac-
turers. However, prescriptive state-
ments to ‘‘include’’ specific items (such 
as those related to recordkeeping and 
reporting requirements) may be ex-
haustive. 

(d) Notes. Statements that begin with 
‘‘Note:’’ or ‘‘Note that’’ are intended to 
clarify specific regulatory provisions 
stated elsewhere in the regulations in 
subchapter U of this chapter. By them-
selves, such statements are not in-
tended to specify regulatory require-
ments. Such statements are typically 
used for regulatory text that, while le-
gally sufficient to specify a require-
ment, may be misunderstood by some 
readers. For example, the regulations 
might note that a word is defined else-
where in the regulations to have a spe-
cific meaning that may be either nar-
rower or broader than some readers 
might assume. 

(e) Examples. Examples provided in 
the regulations in subchapter U of this 
chapter are typically introduced by ei-
ther ‘‘for example’’ or ‘‘such as’’. Spe-
cific examples given in the regulations 
do not necessarily represent the most 
common examples. The regulations 
may specify examples conditionally 
(that is, specifying that they are appli-
cable only if certain criteria or condi-
tions are met). Lists of examples can-
not be presumed to be exhaustive lists. 

(f) Generally and typically. State-
ments that begin with ‘‘generally’’, ‘‘in 
general’’, or ‘‘typically’’ should not be 
read to apply universally or absolutely. 
Rather they are intended to apply for 
the most common circumstances. 
‘‘Generally’’ and ‘‘typically’’ state-
ments may be identified as notes as de-
scribed in paragraph (d) of this section. 

(g) Unusual circumstances. The regula-
tions in subchapter U of this chapter 
specify certain allowances that apply 
‘‘in unusual circumstances’’. While it is 
difficult to precisely define what ‘‘un-
usual circumstances’’ means, this gen-

erally refers to specific circumstances 
that are both rare and unforeseeable. 
For example, a severe hurricane in the 
northeastern United States may be 
considered to be an unusual cir-
cumstance, while a less severe hurri-
cane in the southeastern United States 
may not be. Where the regulations 
limit an allowance to unusual cir-
cumstances, manufacturers and others 
should not presume that such an allow-
ance will be available to them. Provi-
sions related to unusual circumstances 
may be described using the phrase 
‘‘normal circumstances’’, which are 
those circumstances that are not un-
usual circumstances. 

(h) Exceptions and other specifications. 
Regulatory provisions may be ex-
pressed as a general prohibition, re-
quirement, or allowance that is modi-
fied by other regulatory text. Such pro-
visions may include phrases such as 
‘‘unless specified otherwise’’, ‘‘except 
as specified’’, or ‘‘as specified in this 
section’’. It is important that the ex-
ceptions and the more general state-
ment be considered together. This reg-
ulatory construct is intended to allow 
the core requirement or allowance to 
be stated in simple, clear sentences, 
rather than more precise and com-
prehensive sentences that may be mis-
read. For example, where an action is 
prohibited in most but not all cir-
cumstances, the provision may state 
that you may not take the action, 
‘‘except as specified in this section.’’ 
The exceptions could then be stated in 
subsequent regulatory text. 

[81 FR 74221, Oct. 25, 2016] 

1068.35 Symbols, acronyms, and abbre-
viations. 

The following symbols, acronyms, 
and abbreviations apply to this part: 

$ U.S. dollars. 
CFR Code of Federal Regulations. 
disp engine displacement. 
EPA Environmental Protection Agen-

cy. 
kW kilowatt. 
L/cyl liters per cylinder. 
NARA National Archives and Records 

Administration. 
NOX Oxides of nitrogen. 
SAE Society of Automotive Engi-

neers. 
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SEA selective enforcement audit. 
U.S. United States. 
U.S.C. United States Code. 

§ 1068.40 Special provisions for imple-
menting changes in the regulations 
in this part. 

(a) During the 12 months following 
the effective date of any change in the 
provisions of this part, you may ask to 
apply the previously applicable provi-
sions. Note that the effective date is 
generally 30 or 60 days after publica-
tion in the FEDERAL REGISTER, as noted 
in the final rule. We will generally ap-
prove your request if you can dem-
onstrate that it would be impractical 
to comply with the new requirements. 
We may consider the potential for ad-
verse environmental impacts in our de-
cision. Similarly, in unusual cir-
cumstances, you may ask for relief 
under this paragraph (a) from new re-
quirements that apply under the stand-
ard-setting part. 

(b) During the 60 days following the 
effective date of any change in the pro-
visions of this part, you may use the 
previously applicable provisions with-
out request if they meet either of the 
following criteria: 

(1) The new provisions require you to 
redesign your engines/equipment, mod-
ify your engine/equipment labels, or 
change your production procedures. 

(2) The new provisions change what 
you must include in an application for 
certification that you submit before 
the end of this 60-day period. You are 
not required to amend such applica-
tions to comply with the new provi-
sions for that model year; however, 
this allowance does not apply for later 
model years, even if you certify an en-
gine family using carryover emission 
data. This allowance does not affect 
your obligation to provide information 
that we request separate from an appli-
cation for certification. 

[75 FR 23059, Apr. 30, 2010, as amended at 81 
FR 74222, Oct. 25, 2016] 

§ 1068.45 General labeling provisions. 
The provisions of this part and the 

standard-setting part include a variety 
of labeling requirements. The following 
general provisions apply: 

(a) Permanent labels. Where we specify 
that you apply a permanent label, you 

must meet the following requirements 
unless the standard-setting part in-
cludes other specific label require-
ments: 

(1) Attach the label so no one can re-
move it without destroying or defacing 
it. 

(2) Make sure it is durable and read-
able for the engine/equipment’s entire 
life. 

(3) Secure it to a part of the engine/ 
equipment needed for normal operation 
and not normally requiring replace-
ment. 

(4) Write it in English. 
(5) Make the labels readily visible to 

the average person after all installa-
tion and assembly are complete. 

(b) Removable labels. Where we specify 
that you apply a removable label, it 
must meet the following conditions: 

(1) You must attach the label in a 
way that does not allow it to be sepa-
rated from the engine/equipment with-
out a deliberate effort. Note that for 
exemptions requiring removable labels, 
the exemption no longer applies once 
the label is separated from the engine/ 
equipment. 

(2) The label must be durable and 
readable throughout the period of its 
intended purpose. This period generally 
includes all distribution in U.S. com-
merce during which the exemption ap-
plies. 

(3) Except as specified in paragraph 
(c) of this section, the label must be at-
tached directly to the engine/equip-
ment in a visible location. We consider 
a tag that meets the specified require-
ments to be an attached label. 

(c) Labels on packaging. Unless we 
specify otherwise, where we require en-
gine/equipment labels that may be re-
movable, you may instead label the 
packaging if the engines/equipment are 
packaged together as described in this 
paragraph (c). For example, this may 
involve packaging engines together by 
attaching them to a rack, binding 
them together on a pallet, or enclosing 
them in a box. The provisions of this 
paragraph (c) also apply for engines/ 
equipment boxed individually where 
you do not apply labels directly to the 
engines/equipment. The following pro-
visions apply if you label the pack-
aging instead of labeling engines/equip-
ment individually: 
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(1) You may use the provisions of this 
paragraph (c) only if all the engines/ 
equipment packaged together need the 
same label. 

(2) You must place the label on the 
package in a readily visible location. 
This may require labeling the package 
in multiple locations. 

(3) You must package the engines/ 
equipment such that the labels will not 
be separated from the engines/equip-
ment or otherwise become unreadable 
throughout the period that the label 
applies. For example, labels required 
for shipping engines to a secondary en-
gine manufacturer under § 1068.262 must 
remain attached and readable until 
they reach the secondary engine manu-
facturer. Similarly, removable labels 
specified in § 1068.240 for replacement 
engines must remain attached and 
readable until they reach the point of 
final installation. 

(4) You are in violation of 
§ 1068.101(a)(1) if such engines/equip-
ment are removed from the package or 
are otherwise separated from the label 
before reaching the point at which the 
label is no longer needed. 

(d) Temporary consumer labels. Where 
we specify that you apply temporary 
consumer labels (including tags), each 
label must meet the following condi-
tions: 

(1) You must attach the label in a 
way that does not allow it to be sepa-
rated from the engine/equipment with-
out a deliberate effort. 

(2) The label must be sufficiently du-
rable to be readable until it reaches the 
ultimate purchaser. 

(3) The label must be attached di-
rectly to the engine/equipment in a 
visible location. 

(e) Prohibitions against removing labels. 
As specified in § 1068.101(b)(7), removing 
permanent labels is prohibited except 
for certain circumstances. Removing 
temporary or removable labels pre-
maturely is also prohibited by 
§ 1068.101(b)(7). 

(f) Identifying emission control systems. 
If the standard-setting part specifies 
that you use standardized terms and 
abbreviations to identify emission con-
trol systems, use terms and abbrevia-
tions consistent with SAE J1930 (incor-
porated by reference in § 1068.95). 

(g) Date format. If you use a coded ap-
proach to identify the engine/equip-
ment’s date of manufacture, describe 
or interpret the code in your applica-
tion for certification. 

(h) Branding. The following provi-
sions apply if you identify the name 
and trademark of another company in-
stead of your own on your emission 
control information label, as provided 
in the standard-setting part: 

(1) You must have a contractual 
agreement with the other company 
that obligates that company to take 
the following steps: 

(i) Meet the emission warranty re-
quirements that apply under the stand-
ard-setting part. This may involve a 
separate agreement involving reim-
bursement of warranty-related ex-
penses. 

(ii) Report all warranty-related infor-
mation to the certificate holder. 

(2) In your application for certifi-
cation, identify the company whose 
trademark you will use. 

(3) You remain responsible for meet-
ing all the requirements of this chap-
ter, including warranty and defect-re-
porting provisions. 

[73 FR 59344, Oct. 8, 2008, as amended at 75 FR 
23059, Apr. 30, 2010; 81 FR 74222, Oct. 25, 2016] 

§ 1068.95 Incorporation by reference. 
(a) Certain material is incorporated 

by reference into this part with the ap-
proval of the Director of the Federal 
Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this sec-
tion, the Environmental Protection 
Agency must publish a document in 
the FEDERAL REGISTER and the mate-
rial must be available to the public. All 
approved materials are available for in-
spection at the Air and Radiation 
Docket and Information Center (Air 
Docket) in the EPA Docket Center 
(EPA/DC) at Rm. 3334, EPA West Bldg., 
1301 Constitution Ave. NW., Wash-
ington, DC The EPA/DC Public Reading 
Room hours of operation are 8:30 a.m. 
to 4:30 p.m., Monday through Friday, 
excluding legal holidays. The telephone 
number of the EPA/DC Public Reading 
Room is (202) 566–1744, and the tele-
phone number for the Air Docket is 
(202) 566–1742. These approved materials 
are also available for inspection at the 
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National Archives and Records Admin-
istration (NARA). For information on 
the availability of this material at 
NARA, call (202) 741–6030 or go to http:// 
www.archives.gov/federallregister/ 
codeloflfederallregulations/ 
ibrllocations.html. In addition, these 
materials are available from the 
sources listed below. 

(b) SAE International, 400 Common-
wealth Dr., Warrendale, PA 15096–0001, 
(724) 776–4841, or http://www.sae.org: 

(1) SAE J1930, Electrical/Electronic 
Systems Diagnostic Terms, Defini-
tions, Abbreviations, and Acronyms, 
revised October 2008 (‘‘SAE J1930’’), 
IBR approved for § 1068.45(f). 

(2) [Reserved] 

[81 FR 74222, Oct. 25, 2016] 

Subpart B—Prohibited Actions and 
Related Requirements 

§ 1068.101 What general actions does 
this regulation prohibit? 

This section specifies actions that 
are prohibited and the maximum civil 
penalties that we can assess for each 
violation in accordance with 42 U.S.C. 
7522 and 7524. The maximum penalty 
values listed in paragraphs (a) and (b) 
of this section and in § 1068.125 apply as 
of August 1, 2016. As described in para-
graph (h) of this section, these max-
imum penalty limits are different for 
earlier violations and they may be ad-
justed as set forth in 40 CFR part 19. 

(a) The following prohibitions and re-
quirements apply to manufacturers of 
new engines, manufacturers of equip-
ment containing these engines, and 
manufacturers of new equipment, ex-
cept as described in subparts C and D of 
this part: 

(1) Introduction into commerce. You 
may not sell, offer for sale, or intro-
duce or deliver into commerce in the 
United States or import into the 
United States any new engine/equip-
ment after emission standards take ef-
fect for the engine/equipment, unless it 
is covered by a valid certificate of con-
formity for its model year and has the 
required label or tag. You also may not 
take any of the actions listed in the 
previous sentence with respect to any 
equipment containing an engine sub-
ject to this part’s provisions unless the 

engine is covered by a valid certificate 
of conformity for its model year and 
has the required engine label or tag. 
We may assess a civil penalty up to 
$44,539 for each engine or piece of 
equipment in violation. 

(i) For purposes of this paragraph 
(a)(1), a valid certificate of conformity 
is one that applies for the same model 
year as the model year of the equip-
ment (except as allowed by 
§ 1068.105(a)), covers the appropriate 
category or subcategory of engines/ 
equipment (such as locomotive or 
sterndrive/inboard Marine SI or 
nonhandheld Small SI), and conforms 
to all requirements specified for equip-
ment in the standard-setting part. En-
gines/equipment are considered not 
covered by a certificate unless they are 
in a configuration described in the ap-
plication for certification. 

(ii) The prohibitions of this para-
graph (a)(1) also apply for new engines 
you produce to replace an older engine 
in a piece of equipment, except that 
the engines may qualify for the re-
placement-engine exemption in 
§ 1068.240. 

(iii) The prohibitions of this para-
graph (a)(1) also apply for new engines 
that will be installed in equipment sub-
ject to equipment-based standards, ex-
cept that the engines may qualify for 
an exemption under § 1068.260(c) or 
§ 1068.262. 

(iv) Where the regulations specify 
that you are allowed to introduce en-
gines/equipment into U.S. commerce 
without a certificate of conformity, 
you may take any of the otherwise pro-
hibited actions specified in this para-
graph (a)(1) with respect to those en-
gines/equipment. 

(2) Reporting and recordkeeping. This 
chapter requires you to record certain 
types of information to show that you 
meet our standards. You must comply 
with these requirements to make and 
maintain required records (including 
those described in § 1068.501). You may 
not deny us access to your records or 
the ability to copy your records if we 
have the authority to see or copy 
them. Also, you must give us complete 
and accurate reports and information 
without delay as required under this 
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chapter. Failure to comply with the re-
quirements of this paragraph is prohib-
ited. We may assess a civil penalty up 
to $44,539 for each day you are in viola-
tion. In addition, knowingly submit-
ting false information is a violation of 
18 U.S.C. 1001, which may involve 
criminal penalties and up to five years 
imprisonment. 

(3) Testing and access to facilities. You 
may not keep us from entering your fa-
cility to test engines/equipment or in-
spect if we are authorized to do so. 
Also, you must perform the tests we re-
quire (or have the tests done for you). 
Failure to perform this testing is pro-
hibited. We may assess a civil penalty 
up to $44,539 for each day you are in 
violation. 

(b) The following prohibitions apply 
to everyone with respect to the engines 
and equipment to which this part ap-
plies: 

(1) Tampering. You may not remove 
or render inoperative any device or ele-
ment of design installed on or in en-
gines/equipment in compliance with 
the regulations prior to its sale and de-
livery to the ultimate purchaser. You 
also may not knowingly remove or 
render inoperative any such device or 
element of design after such sale and 
delivery to the ultimate purchaser. 
This includes, for example, operating 
an engine without a supply of appro-
priate quality urea if the emission con-
trol system relies on urea to reduce 
NOX emissions or the use of incorrect 
fuel or engine oil that renders the 
emission control system inoperative. 
Section 1068.120 describes how this ap-
plies to rebuilding engines. See the 
standard-setting part, which may in-
clude additional provisions regarding 
actions prohibited by this requirement. 
For a manufacturer or dealer, we may 
assess a civil penalty up to $44,539 for 
each engine or piece of equipment in 
violation. For anyone else, we may as-
sess a civil penalty up to $4,454 for each 
engine or piece of equipment in viola-
tion. This prohibition does not apply in 
any of the following situations: 

(i) You need to repair the engine/ 
equipment and you restore it to proper 
functioning when the repair is com-
plete. 

(ii) You need to modify the engine/ 
equipment to respond to a temporary 

emergency and you restore it to proper 
functioning as soon as possible. 

(iii) You modify new engines/equip-
ment that another manufacturer has 
already certified to meet emission 
standards and recertify them under 
your own family. In this case you must 
tell the original manufacturer not to 
include the modified engines/equip-
ment in the original family. 

(2) Defeat devices. You may not know-
ingly manufacture, sell, offer to sell, or 
install, any component that bypasses, 
impairs, defeats, or disables the control 
of emissions of any regulated pollut-
ant, except as explicitly allowed by the 
standard-setting part. We may assess a 
civil penalty up to $4,454 for each com-
ponent in violation. 

(3) Stationary engines. For an engine 
that is excluded from any requirements 
of this chapter because it is a sta-
tionary engine, you may not move it or 
install it in any mobile equipment ex-
cept as allowed by the provisions of 
this chapter. You may not circumvent 
or attempt to circumvent the resi-
dence-time requirements of paragraph 
(2)(iii) of the nonroad engine definition 
in § 1068.30. Anyone violating this para-
graph (b)(3) is deemed to be a manufac-
turer in violation of paragraph (a)(1) of 
this section. We may assess a civil pen-
alty up to $44,539 for each engine or 
piece of equipment in violation. 

(4) Competition engines/equipment. (i) 
For uncertified engines/equipment that 
are excluded or exempted as new en-
gines/equipment from any require-
ments of this chapter because they are 
to be used solely for competition, you 
may not use any of them in a manner 
that is inconsistent with use solely for 
competition. Anyone violating this 
paragraph (b)(4)(i) is deemed to be a 
manufacturer in violation of paragraph 
(a)(1) of this section. We may assess a 
civil penalty up to $44,539 for each en-
gine or piece of equipment in violation. 
(ii) For certified nonroad engines/ 
equipment that qualify for exemption 
from the tampering prohibition as de-
scribed in § 1068.235 because they are to 
be used solely for competition, you 
may not use any of them in a manner 
that is inconsistent with use solely for 
competition. Anyone violating this 
paragraph (b)(4)(ii) is in violation of 
paragraph (b)(1) or (2) of this section. 
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(5) Importation. You may not import 
an uncertified engine or piece of equip-
ment if it is defined to be new in the 
standard-setting part with a model 
year for which emission standards ap-
plied. Anyone violating this paragraph 
(b)(5) is deemed to be a manufacturer 
in violation of paragraph (a)(1) of this 
section. We may assess a civil penalty 
up to $44,539 for each engine or piece of 
equipment in violation. Note the fol-
lowing:is excluded 

(i) The definition of new is broad for 
imported engines/equipment; 
uncertified engines and equipment (in-
cluding used engines and equipment) 
are generally considered to be new 
when imported. 

(ii) Used engines/equipment that were 
originally manufactured before appli-
cable EPA standards were in effect are 
generally not subject to emission 
standards. 

(6) Warranty, recall, and maintenance 
instructions. You must meet your obli-
gation to honor your emission-related 
warranty under § 1068.115, including any 
commitments you identify in your ap-
plication for certification. You must 
also fulfill all applicable requirements 
under subpart F of this part related to 
emission-related defects and recalls. 
You must also provide emission-related 
installation and maintenance instruc-
tions as described in the standard-set-
ting part. Failure to meet these obliga-
tions is prohibited. Also, except as spe-
cifically provided by regulation, you 
are prohibited from directly or indi-
rectly communicating to the ultimate 
purchaser or a later purchaser that the 
emission-related warranty is valid only 
if the owner has service performed at 
authorized facilities or only if the 
owner uses authorized parts, compo-
nents, or systems. We may assess a 
civil penalty up to $44,539 for each en-
gine or piece of equipment in violation. 

(7) Labeling. (i) You may not remove 
or alter an emission control informa-
tion label or other required permanent 
label except as specified in this para-
graph (b)(7) or otherwise allowed by 
this chapter. Removing or altering an 
emission control information label is a 
violation of paragraph (b)(1) of this sec-
tion. However, it is not a violation to 
remove a label in the following cir-
cumstances: 

(A) The engine is destroyed, is per-
manently disassembled, or otherwise 
loses its identity such that the original 
title to the engine is no longer valid. 

(B) The regulations specifically di-
rect you to remove the label. For ex-
ample, see § 1068.235. 

(C) The part on which the label is 
mounted needs to be replaced. In this 
case, you must have a replacement 
part with a duplicate of the original 
label installed by the certifying manu-
facturer or an authorized agent, except 
that the replacement label may omit 
the date of manufacture if applicable. 
We generally require labels to be per-
manently attached to parts that will 
not normally be replaced, but this pro-
vision allows for replacements in un-
usual circumstances, such as damage 
in a collision or other accident. 

(D) The original label is incorrect, 
provided that it is replaced with the 
correct label from the certifying manu-
facturer or an authorized agent. This 
allowance to replace incorrect labels 
does not affect whether the application 
of an incorrect original label is a viola-
tion. 

(ii) Removing or altering a tem-
porary or removable label contrary to 
the provisions of this paragraph 
(b)(7)(ii) is a violation of paragraph 
(b)(1) of this section. 

(A) For labels identifying temporary 
exemptions, you may not remove or 
alter the label while the engine/equip-
ment is in an exempt status. The ex-
emption is automatically revoked for 
each engine/equipment for which the 
label has been removed. 

(B) For temporary or removable con-
sumer information labels, only the ul-
timate purchaser may remove the 
label. 

(iii) You may not apply a false emis-
sion control information label. You 
also may not manufacture, sell, or 
offer to sell false labels. The applica-
tion, manufacture, sale, or offer for 
sale of false labels is a violation of this 
section (such as paragraph (a)(1) or 
(b)(2) of this section). Note that apply-
ing an otherwise valid emission control 
information label to the wrong engine 
is considered to be applying a false 
label. 

(c) If you cause someone to commit a 
prohibited act in paragraph (a) or (b) of 
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this section, you are in violation of 
that prohibition. 

(d) Exemptions from these prohibi-
tions are described in subparts C and D 
of this part and in the standard-setting 
part. 

(e) The standard-setting parts de-
scribe more requirements and prohibi-
tions that apply to manufacturers (in-
cluding importers) and others under 
this chapter. 

(f) The specification of prohibitions 
and penalties in this part does not 
limit the prohibitions and penalties de-
scribed in the Clean Air Act. Addition-
ally, a single act may trigger multiple 
violations under this section and the 
Act. We may pursue all available ad-
ministrative, civil, or criminal rem-

edies for those violations even if the 
regulation references only a single pro-
hibited act in this section. 

(g) [Reserved] 
(h) The maximum penalty values 

listed in paragraphs (a) and (b) of this 
section and in § 1068.125 apply as of Au-
gust 1, 2016. Maximum penalty values 
for earlier violations are published in 
40 CFR part 19. Maximum penalty lim-
its may be adjusted after August 1, 2016 
based on the Consumer Price Index. 
The specific regulatory provisions for 
changing the maximum penalties, pub-
lished in 40 CFR part 19, reference the 
applicable U.S. Code citation on which 
the prohibited action is based. The fol-
lowing table is shown here for informa-
tional purposes: 

TABLE 1 OF § 1068.101—LEGAL CITATION FOR SPECIFIC PROHIBITIONS FOR DETERMINING MAXIMUM 
PENALTY AMOUNTS 

Part 1068 regulatory cita-
tion of prohibited action General description of prohibition U.S. Code citation for Clean Air Act authority 

§ 1068.101(a)(1) .............. Introduction into U.S. commerce of an uncertified 
source.

42 U.S.C. 7522(a)(1) and (a)(4). 

§ 1068.101(a)(2) .............. Failure to provide information ............................... 42 U.S.C. 7522(a)(2). 
§ 1068.101(a)(3) .............. Denying access to facilities .................................. 42 U.S.C. 7522(a)(2). 
§ 1068.101(b)(1) .............. Tampering with emission controls by a manufac-

turer or dealer.
42 U.S.C. 7522(a)(3). 

Tampering with emission controls by someone 
other than a manufacturer or dealer.

§ 1068.101(b)(2) .............. Sale or use of a defeat device ............................. 42 U.S.C. 7522(a)(3). 
§ 1068.101(b)(3) .............. Mobile use of a stationary engine ........................ 42 U.S.C. 7522(a)(1) and (a)(4). 
§ 1068.101(b)(4) .............. Noncompetitive use of uncertified engines/equip-

ment that is exempted for competition.
42 U.S.C. 7522(a)(1) and (a)(4). 

§ 1068.101(b)(5) .............. Importation of an uncertified source ..................... 42 U.S.C. 7522(a)(1) and (a)(4). 
§ 1068.101(b)(6) .............. Recall and warranty .............................................. 42 U.S.C. 7522(a)(4). 
§ 1068.101(b)(7) .............. Removing labels ................................................... 42 U.S.C. 7522(a)(3). 

[75 FR 23059, Apr. 30, 2010; 81 FR 74222, Oct. 
25, 2016] 

§ 1068.103 Provisions related to the du-
ration and applicability of certifi-
cates of conformity. 

(a) Engines/equipment covered by a 
certificate of conformity are limited to 
those that are produced during the pe-
riod specified in the certificate and 
conform to the specifications described 
in the certificate and the associated 
application for certification. For the 
purposes of this paragraph (a), ‘‘speci-
fications’’ includes the emission con-
trol information label and any condi-
tions or limitations identified by the 
manufacturer or EPA. For example, if 
the application for certification speci-
fies certain engine configurations, the 
certificate does not cover any configu-

rations that are not specified. We may 
ignore any information provided in the 
application that we determine is not 
relevant to a demonstration of compli-
ance with applicable regulations, such 
as your projected production volumes 
in many cases. 

(b) Unless the standard-setting part 
specifies otherwise, determine the pro-
duction period corresponding to each 
certificate of conformity as specified in 
this paragraph (b). In general, the pro-
duction period is the manufacturer’s 
annual production period identified as 
a model year. 

(1) For engines/equipment subject to 
emission standards based on model 
years, the first day of the annual pro-
duction period can be no earlier than 
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January 2 of the calendar year pre-
ceding the year for which the model 
year is named, or the earliest date of 
manufacture for any engine/equipment 
in the engine family, whichever is 
later. The last day of the annual pro-
duction period can be no later than De-
cember 31 of the calendar year for 
which the model year is named or the 
latest date of manufacture for any en-
gine/equipment in the engine family, 
whichever is sooner. Note that this ap-
proach limits how you can designate a 
model year for your engines/equipment; 
however, it does not limit your ability 
to meet more stringent emission stand-
ards early where this is permitted in 
the regulation. 

(2) For fuel-system components cer-
tified to evaporative emission stand-
ards based on production periods rather 
than model years, the production pe-
riod is either the calendar year or a 
longer period we specify consistent 
with the manufacturer’s normal pro-
duction practices. 

(c) A certificate of conformity will 
not cover engines/equipment you 
produce with a date of manufacture 
earlier than the date you submit the 
application for certification for the 
family. You may start to produce en-
gines/equipment after you submit an 
application for certification and before 
the effective date of a certificate of 
conformity, subject to the following 
conditions: 

(1) The engines/equipment must con-
form in all material respects to the en-
gines/equipment described in your ap-
plication. Note that if we require you 
to modify your application, you must 
ensure that all engines/equipment con-
form to the specifications of the modi-
fied application. 

(2) The engines/equipment may not 
be sold, offered for sale, introduced 
into U.S. commerce, or delivered for 
introduction into U.S. commerce be-
fore the effective date of the certificate 
of conformity. 

(3) You must notify us in your appli-
cation for certification that you plan 
to use the provisions of this paragraph 
(c) and when you intend to start pro-
duction. If the standard-setting part 
specifies mandatory testing for produc-
tion-line engines, you must start test-
ing as directed in the standard-setting 

part based on your actual start of pro-
duction, even if that occurs before we 
approve your certification. You must 
also agree to give us full opportunity 
to inspect and/or test the engines/ 
equipment during and after production. 
For example, we must have the oppor-
tunity to specify selective enforcement 
audits as allowed by the standard-set-
ting part and the Clean Air Act as if 
the engines/equipment were produced 
after the effective date of the certifi-
cate. 

(4) See § 1068.262 for special provisions 
that apply for secondary engine manu-
facturers receiving shipment of par-
tially complete engines before the ef-
fective date of a certificate. 

(d) The prohibition in § 1068.101(a)(1) 
against offering to sell engines/equip-
ment without a valid certificate of con-
formity generally does not apply for 
engines/equipment that have not yet 
been produced. You may contractually 
agree to produce engines/equipment be-
fore obtaining the required certificate 
of conformity. This is intended to 
allow manufacturers of low-volume 
products to establish a sufficient mar-
ket for engines/equipment before going 
through the effort to certify. 

(e) Engines/equipment with a date of 
manufacture after December 31 of the 
calendar year for which a model year is 
named are not covered by the certifi-
cate of conformity for that model year. 
You must submit an application for a 
new certificate of conformity dem-
onstrating compliance with applicable 
standards even if the engines/equip-
ment are identical to those with a date 
of manufacture before December 31. 

(f) The flexible approach to naming 
the annual production period described 
in paragraph (b)(1) of this section is in-
tended to allow you to introduce new 
products at any point during the year. 
This is based on the expectation that 
production periods generally run on 
consistent schedules from year to year. 
You may not use this flexibility to ar-
range your production periods such 
that you can avoid annual certifi-
cation. 

(g) An engine is generally assigned a 
model year based on its date of manu-
facture, which is typically based on the 
date the crankshaft is installed in the 
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engine (see § 1068.30). You may not cir-
cumvent the provisions of 
§ 1068.101(a)(1) by stockpiling engines 
with a date of manufacture before new 
or changed emission standards take ef-
fect by deviating from your normal 
production and inventory practices. 
(For purposes of this paragraph (g), 
normal production and inventory prac-
tices means those practices you typi-
cally use for similar families in years 
in which emission standards do not 
change. We may require you to provide 
us routine production and inventory 
records that document your normal 
practices for the preceding eight 
years.) For most engines you should 
plan to complete the assembly of an 
engine of a given model year into its 
certified configuration within the first 
week after the end of the model year if 
new emission standards start to apply 
in that model year. For special cir-
cumstances it may be appropriate for 
your normal business practice to in-
volve more time. For engines with per- 
cylinder displacement below 2.5 liters, 
if new emission standards start to 
apply in a given year, we would con-
sider an engine not to be covered by a 
certificate of conformity for the pre-
ceding model year if the engine is not 
assembled in a compliant configuration 
within 30 days after the end of the 
model year for that engine family. 
(NOTE: an engine is considered ‘‘in a 
compliant configuration’’ without 
being fully assembled if § 1068.260(a) or 
(b) authorizes shipment of the engine 
without certain components.) For ex-
ample, in the case where new standards 
apply in the 2010 model year, and your 
normal production period is based on 
the calendar year, you must complete 
the assembly of all your 2009 model 
year engines before January 31, 2010, or 
an earlier date consistent with your 
normal production and inventory prac-
tices. For engines with per-cylinder 
displacement at or above 2.5 liters, this 
time may not exceed 60 days. Note that 
for the purposes of this paragraph (g), 
an engine shipped under § 1068.261 is 
deemed to be a complete engine. Note 
also that § 1068.245 allows flexibility for 
additional time in unusual cir-
cumstances. Note finally that dis-
assembly of complete engines and re-
assembly (such as for shipment) does 

not affect the determination of model 
year; the provisions of this paragraph 
(g) apply based on the date on which 
initial assembly is complete. 

(h) This paragraph (h) describes the 
effect of suspending, revoking, or void-
ing a certificate of conformity. See the 
definitions of ‘‘suspend,’’ ‘‘revoke,’’ and 
‘‘void’’ in § 1068.30. Engines/equipment 
produced at a time when the otherwise 
applicable certificate of conformity has 
been suspended or revoked are not cov-
ered by a certificate of conformity. 
Where a certificate of conformity is 
void, all engines/equipment produced 
under that certificate of conformity 
are not and were not covered by a cer-
tificate of conformity. In cases of sus-
pension, engines/equipment will be cov-
ered by a certificate only if they are 
produced after the certificate is rein-
stated or a new certificate is issued. In 
cases of revocation and voiding, en-
gines/equipment will be covered by a 
certificate only if they are produced 
after we issue a new certificate. 42 
U.S.C. 7522(a)(1) and § 1068.101(a)(1) pro-
hibit selling, offering for sale, intro-
ducing into commerce, delivering for 
introduction into commerce, and im-
porting engines/equipment that are not 
covered by a certificate of conformity, 
and they prohibit anyone from causing 
another to violate these prohibitions. 

(i) You may transfer a certificate to 
another entity only in the following 
cases: 

(1) You may transfer a certificate to 
a parent company, including a parent 
company that purchases your company 
after we have issued your certificate. 

(2) You may transfer a certificate to 
a subsidiary including a subsidiary you 
purchase after we have issued your cer-
tificate. 

(3) You may transfer a certificate to 
a subsidiary of your parent company. 

[81 FR 74224, Oct. 25, 2016] 

§ 1068.105 What other provisions apply 
to me specifically if I manufacture 
equipment needing certified en-
gines? 

This section describes general provi-
sions that apply to equipment manu-
facturers for sources subject to engine- 
based standards. See the standard-set-
ting part for any requirements that 
apply for certain applications. See 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00412 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



403 

Environmental Protection Agency § 1068.105 

§ 1068.101 for penalties associated with 
violations under this section and for 
other prohibitions related to your 
equipment. 

(a) Transitioning to new engine-based 
standards. If new engine-based emission 
standards apply in a given model year, 
your equipment produced in that cal-
endar year (or later) must have engines 
that are certified to the new standards, 
except that you may continue to use 
up normal inventories of engines that 
were built before the date of the new or 
changed standards. For purposes of this 
paragraph (a), normal inventory ap-
plies for engines you possess and en-
gines from your engine supplier’s nor-
mal inventory. (NOTE: this paragraph 
(a) does not apply in the case of new re-
manufacturing standards.) We may re-
quire you and your engine suppliers to 
provide us routine production and/or 
inventory records that document your 
normal practices for the preceding 
eight years. For example, if you have 
records documenting that your normal 
inventory practice is to keep on hand a 
one-month supply of engines based on 
your upcoming production schedules, 
and a new tier of standards starts to 
apply for the 2015 model year, you may 
order engines consistent with your nor-
mal inventory requirements late in the 
engine manufacturer’s 2014 model year 
and install those engines in your equip-
ment consistent with your normal pro-
duction schedule. Also, if your model 
year starts before the end of the cal-
endar year preceding new standards, 
you may use engines from the previous 
model year for those units you com-
pletely assemble before January 1 of 
the year that new standards apply. If 
emission standards for the engine do 
not change in a given model year, you 
may continue to install engines from 
the previous model year without re-
striction (or any earlier model year for 
which the same standards apply). You 
may not circumvent the provisions of 
§ 1068.101(a)(1) by stockpiling engines 
that were built before new or changed 
standards take effect. Similarly, you 
may not circumvent the provisions of 
§ 1068.101(a)(1) by knowingly installing 
engines that were stockpiled by engine 
suppliers in violation of § 1068.103(f). 
Note that this allowance does not 
apply for equipment subject to equip-

ment-based standards. See 40 CFR 
1060.601 for similar provisions that 
apply for equipment subject to evapo-
rative emission standards. Note that 
the standard-setting part may impose 
further restrictions on using up inven-
tories of engines from an earlier model 
year under this paragraph (a). 

(b) Installing engines or certified com-
ponents. The provisions in 
§ 1068.101(a)(1) generally prohibit you 
from introducing into U.S. commerce 
any new equipment that includes en-
gines not covered by a certificate of 
conformity. In addition, you must fol-
low the engine manufacturer’s emis-
sion-related installation instructions. 
For example, you may need to con-
strain where you place an exhaust 
aftertreatment device or integrate into 
your equipment models a device for 
sending visual or audible signals to the 
operator. Similarly, you must follow 
the emission-related installation in-
structions from the manufacturer of a 
component that has been certified for 
controlling evaporative emissions 
under 40 CFR part 1060. Not meeting 
the manufacturer’s emission-related 
installation instructions is a violation 
of one or more of the prohibitions of 
§ 1068.101. See § 1068.261 for special pro-
visions that apply when the engine 
manufacturer delegates final assembly 
of emission controls to you. 

(c) Attaching a duplicate label. If you 
obscure the engine’s label, you must do 
four things to avoid violating 
§ 1068.101(a)(1): 

(1) Send a request for duplicate labels 
in writing on your company’s letter-
head to the engine manufacturer. In-
clude the following information in your 
request: 

(i) Identify the type of equipment and 
the specific engine and equipment mod-
els needing duplicate labels. 

(ii) Identify the family (from the 
original engine label). 

(iii) State the reason that you need a 
duplicate label for each equipment 
model. 

(iv) Identify the number of duplicate 
labels you will need. 

(2) Permanently attach the duplicate 
label to your equipment by securing it 
to a part needed for normal operation 
and not normally requiring replace-
ment. Make sure an average person can 
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easily read it. Note that attaching an 
inaccurate duplicate label may be a 
violation of § 1068.101(b)(7). 

(3) Destroy any unused duplicate la-
bels if you find that you will not need 
them. 

(4) Keep the following records for at 
least eight years after the end of the 
model year identified on the engine 
label: 

(i) Keep a copy of your written re-
quest. 

(ii) Keep drawings or descriptions 
that show how you apply the duplicate 
labels to your equipment. 

(iii) Maintain a count of those dupli-
cate labels you use and those you de-
stroy. 

[73 FR 59344, Oct. 8, 2008, as amended at 75 FR 
23062, Apr. 30, 2010; 81 FR 74225, Oct. 25, 2016] 

§ 1068.110 Other provisions for en-
gines/equipment in service. 

(a) Aftermarket parts and service. As 
the certifying manufacturer, you may 
not require anyone to use your parts or 
service to maintain or repair an engine 
or piece of equipment, unless we ap-
prove this in your application for cer-
tification. It is a violation of the Clean 
Air Act for anyone to manufacture any 
part if one of its main effects is to re-
duce the effectiveness of the emission 
controls. See § 1068.101(b)(2). 

(b) Certifying aftermarket parts. As the 
manufacturer or rebuilder of an 
aftermarket engine or equipment part, 
you may—but are not required to—cer-
tify according to 40 CFR part 85, sub-
part V, that using the part will not 
cause engines/equipment to fail to 
meet emission standards. Whether you 
certify or not, you must keep any in-
formation showing how your parts or 
service affect emissions. 

(c) Compliance with standards. We may 
test engines and equipment to inves-
tigate compliance with emission stand-
ards and other requirements. We may 
also require the manufacturer to do 
this testing. 

(d) Defeat devices. We may test com-
ponents, engines, and equipment to in-
vestigate potential defeat devices. We 
may also require the manufacturer to 
do this testing. If we choose to inves-
tigate one of your designs, we may re-
quire you to show us that a component 
is not a defeat device, and that an en-

gine/equipment does not have a defeat 
device. To do this, you may have to 
share with us information regarding 
test programs, engineering evalua-
tions, design specifications, calibra-
tions, on-board computer algorithms, 
and design strategies. It is a violation 
of the Clean Air Act for anyone to 
make, install or use defeat devices as 
described in § 1068.101(b)(2) and the 
standard-setting part. 

(e) Warranty and maintenance. Owners 
are responsible for properly maintain-
ing their engines/equipment; however, 
owners may make warranty claims 
against the manufacturer for all ex-
penses related to diagnosing and re-
pairing or replacing emission-related 
parts, as described in § 1068.115. Manu-
facturers may ask to limit diagnosis 
and repair to authorized service facili-
ties, provided this does not limit their 
ability to meet their warranty obliga-
tions under § 1068.115. The warranty pe-
riod begins when the equipment is first 
placed into service. See the standard- 
setting part for specific requirements. 
It is a violation of the Clean Air Act 
for anyone to disable emission con-
trols; see § 1068.101(b)(1) and the stand-
ard-setting part. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74225, Oct. 25, 2016] 

§ 1068.115 What are manufacturers’ 
emission-related warranty require-
ments? 

Section 207(a) of the Clean Air Act (42 
U.S.C. 7541(a)) requires certifying man-
ufacturers to warrant to purchasers 
that their engines/equipment are de-
signed, built, and equipped to conform 
at the time of sale to the applicable 
regulations for their full useful life, in-
cluding a warranty that the engines/ 
equipment are free from defects in ma-
terials and workmanship that would 
cause any engine/equipment to fail to 
conform to the applicable regulations 
during the specified warranty period. 
This section codifies the warranty re-
quirements of section 207(a) without in-
tending to limit these requirements. 

(a) As a certifying manufacturer, you 
may deny warranty claims only for 
failures that have been caused by the 
owner’s or operator’s improper mainte-
nance or use, by accidents for which 
you have no responsibility, or by acts 
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of God. For example, you would not 
need to honor warranty claims for fail-
ures that have been directly caused by 
the operator’s abuse of the engine/ 
equipment or the operator’s use of the 
engine/equipment in a manner for 
which it was not designed and are not 
attributable to you in any way. 

(b) As a certifying manufacturer, you 
may not deny emission-related war-
ranty claims based on any of the fol-
lowing: 

(1) Maintenance or other service you 
or your authorized facilities performed. 

(2) Engine/equipment repair work 
that an operator performed to correct 
an unsafe, emergency condition attrib-
utable to you as long as the operator 
tries to restore the engine/equipment 
to its proper configuration as soon as 
possible. 

(3) Any action or inaction by the op-
erator unrelated to the warranty 
claim. 

(4) Maintenance that was performed 
more frequently than you specify. 

(5) Anything that is your fault or re-
sponsibility. 

(6) The use of any fuel that is com-
monly available where the equipment 
operates unless your written mainte-
nance instructions state that this fuel 
would harm the equipment’s emission 
control system and operators can read-
ily find the proper fuel. 

§ 1068.120 Requirements for rebuilding 
engines. 

(a) This section describes the steps to 
take when rebuilding engines to avoid 
violating the tampering prohibition in 
§ 1068.101(b)(1). These requirements 
apply to anyone rebuilding an engine 
subject to this part, but the record-
keeping requirements in paragraphs (j) 
and (k) of this section apply only to 
businesses. For maintenance or service 
that is not rebuilding, including any 
maintenance related to evaporative 
emission controls, you may not make 
changes that might increase emissions 
of any regulated pollutant, but you do 
not need to keep any records. 

(b) The term ‘‘rebuilding’’ refers to a 
rebuild of an engine or engine system, 
including a major overhaul in which 
you replace the engine’s pistons or 
power assemblies or make other 
changes that significantly increase the 

service life of the engine. It also in-
cludes replacing or rebuilding an en-
gine’s turbocharger or aftercooler or 
the engine’s systems for fuel metering 
or electronic control so that it signifi-
cantly increases the service life of the 
engine. For these provisions, rebuilding 
may or may not involve removing the 
engine from the equipment. Rebuilding 
does not normally include the fol-
lowing: 

(1) Scheduled emission-related main-
tenance that the standard-setting part 
allows during the useful life period 
(such as replacing fuel injectors). 

(2) Unscheduled maintenance that oc-
curs commonly within the useful life 
period. For example, replacing a water 
pump is not rebuilding an engine. 

(c) [Reserved] 
(d) If you rebuild an engine or engine 

system, you must have a reasonable 
technical basis for knowing that the 
rebuilt engine’s emission control sys-
tem performs as well as, or better than, 
it performs in its certified configura-
tion. Identify the model year of the re-
sulting engine configuration. You have 
a reasonable basis if you meet two 
main conditions: 

(1) Install parts—new, used, or re-
built—so a person familiar with engine 
design and function would reasonably 
believe that the engine with those 
parts will control emissions of all pol-
lutants at least to the same degree as 
with the original parts. For example, it 
would be reasonable to believe that 
parts performing the same function as 
the original parts (and to the same de-
gree) would control emissions to the 
same degree as the original parts. 

(2) Adjust parameters or change de-
sign elements only according to the 
original engine manufacturer’s instruc-
tions. Or, if you differ from these in-
structions, you must have data or some 
other technical basis to show you 
should not expect in-use emissions to 
increase. 

(e) If the rebuilt engine remains in-
stalled or is reinstalled in the same 
piece of equipment, you must rebuild it 
to the original configuration, except as 
allowed by this paragraph (e). You may 
rebuild it to a different certified con-
figuration of the same or later model 
year. You may also rebuild it to a cer-
tified configuration from an earlier 
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model year as long as the earlier con-
figuration is as clean or cleaner than 
the original configuration. For pur-
poses of this paragraph (e), ‘‘as clean or 
cleaner’’ means one of the following: 

(1) For engines not certified with a 
Family Emission Limit for calculating 
credits for a particular pollutant, this 
means that the same emission standard 
applied for both model years. This in-
cludes supplemental standards such as 
Not-to-Exceed standards. 

(2) For engines certified with a Fam-
ily Emission Limit for a particular pol-
lutant, this means that the configura-
tion to which the engine is being re-
built has a Family Emission Limit for 
that pollutant that is at or below the 
standard that applied to the engine 
originally, and is at or below the origi-
nal Family Emission Limit. 

(f) A rebuilt engine or other used en-
gine may replace a certified engine in a 
piece of equipment only if the engine 
was built and/or rebuilt to a certified 
configuration meeting equivalent or 
more stringent emission standards. 
Note that a certified configuration 
would generally include more than one 
model year. A rebuilt engine being in-
stalled that is from the same model 
year or a newer model year than the 
engine being replaced meets this re-
quirement. The following examples il-
lustrate the provisions of this para-
graph (f): 

(1) In most cases, you may use a re-
built Tier 2 engine to replace a Tier 1 
engine or another Tier 2 engine. 

(2) You may use a rebuilt Tier 1 en-
gine to replace a Tier 2 engine if the 
two engines differ only with respect to 
model year or other characteristics un-
related to emissions since such engines 
would be considered to be in the same 
configuration. This may occur if the 
Tier 1 engine had emission levels below 
the Tier 2 standards or if the Tier 2 en-
gine was certified with a Family Emis-
sion Limit for calculating emission 
credits. 

(3) You may use a rebuilt engine that 
originally met the Tier 1 standards 
without certification, as provided 
under § 1068.265, to replace a certified 
Tier 1 engine. This may occur for en-
gines produced under a Transition Pro-
gram for Equipment Manufacturers 

such as that described in 40 CFR 
1039.625. 

(4) You may never replace a certified 
engine with an engine rebuilt to a con-
figuration that does not meet EPA 
emission standards. Note that, for pur-
poses of this paragraph (f)(4), a configu-
ration is considered to meet EPA emis-
sion standards if it was previously cer-
tified or was otherwise shown to meet 
emission standards (see § 1068.265). 

(5) The standard-setting part may 
apply further restrictions to situations 
involving installation of used engines 
to repower equipment. For example, 
see 40 CFR part 1037 for provisions that 
apply for glider vehicles. 

(g) Do not erase or reset emission-re-
lated codes or signals from onboard 
monitoring systems without diag-
nosing and responding appropriately to 
any diagnostic codes. This requirement 
applies regardless of the manufactur-
er’s reason for installing the moni-
toring system and regardless of its 
form or interface. Clear any codes from 
diagnostic systems when you return 
the rebuilt engine to service. Do not 
disable a diagnostic signal without ad-
dressing its cause. 

(h) When you rebuild an engine, 
check, clean, adjust, repair, or replace 
all emission-related components (listed 
in Appendix I of this part) as needed 
according to the original manufactur-
er’s recommended practice. In par-
ticular, replace oxygen sensors, replace 
the catalyst if there is evidence of mal-
function, clean gaseous fuel-system 
components, and replace fuel injectors 
(if applicable), unless you have a rea-
sonable technical basis for believing 
any of these components do not need 
replacement. 

(i) If you are installing an engine 
that someone else has rebuilt, check 
all emission-related components listed 
in Appendix I of this part as needed ac-
cording to the original manufacturer’s 
recommended practice. 

(j) Keep at least the following records 
for all engines except spark-ignition 
engines with total displacement below 
225 cc: 

(1) Identify the hours of operation (or 
mileage, as appropriate) at the time of 
rebuild. These may be noted as approx-
imate values if the engine has no hour 
meter (or odometer). 
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(2) Identify the work done on the en-
gine or any emission-related control 
components, including a listing of 
parts and components you used. 

(3) Describe any engine parameter ad-
justments. 

(4) Identify any emission-related 
codes or signals you responded to and 
reset. 

(k) You must show us or send us your 
records if we ask for them. Keep 
records for at least two years after re-
building an engine. Keep them in any 
format that allows us to readily review 
them. 

(1) You do not need to keep informa-
tion that is not reasonably available 
through normal business practices. We 
do not expect you to have information 
that you cannot reasonably access. 

(2) You do not need to keep records of 
what other companies do. 

(3) You may keep records based on 
families rather than individual engines 
if that is the way you normally do 
business. 

[73 FR 59344, Oct. 8, 2008, as amended at 75 FR 
23062, Apr. 30, 2010; 81 FR 74225, Oct. 25, 2016] 

§ 1068.125 What happens if I violate 
the regulations? 

(a) Civil penalties and injunctions. We 
may bring a civil action to assess and 
recover civil penalties and/or enjoin 
and restrain violations in the United 
States District Court for the district 
where you allegedly violated a require-
ment, or the district where you live or 
have your main place of business. Ac-
tions to assess civil penalties or re-
strain violations of § 1068.101 must be 
brought by and in the name of the 
United States. The selected court has 
jurisdiction to restrain violations and 
assess civil penalties. 

(1) To determine the amount of a 
civil penalty and reach a just conclu-
sion, the court considers these factors: 

(i) The seriousness of your violation. 
(ii) How much you benefited or saved 

because of the violation. 
(iii) The size of your business. 
(iv) Your history of compliance with 

Title II of the Clean Air Act (42 U.S.C. 
7401–7590). 

(v) What you did to remedy the viola-
tion. 

(vi) How the penalty will affect your 
ability to continue in business. 

(vii) Such other matters as justice 
may require. 

(2) Subpoenas for witnesses who must 
attend a district court in any district 
may apply to any other district. 

(b) Administrative penalties. Instead of 
bringing a civil action, we may assess 
administrative penalties if the total is 
less than $356,312 against you individ-
ually. This maximum penalty may be 
greater if the Administrator and the 
Attorney General jointly determine 
that a greater administrative penalty 
assessment is appropriate, or if the 
limit is adjusted under 40 CFR part 19. 
No court may review this determina-
tion. Before we assess an administra-
tive penalty, you may ask for a hearing 
as described in subpart G of this part. 
The Administrator may compromise or 
remit, with or without conditions, any 
administrative penalty that may be 
imposed under this section. 

(1) To determine the amount of an 
administrative penalty, we will con-
sider the factors described in paragraph 
(a)(1) of this section. 

(2) An administrative order we issue 
under this paragraph (b) becomes final 
30 days after we issue it unless you ask 
for judicial review by that time (see 
paragraph (c) of this section). You may 
ask for review by any of the district 
courts listed in paragraph (a) of this 
section. Send the Administrator a copy 
of the filing by certified mail. 

(3) We will not pursue an administra-
tive penalty for a particular violation 
if either of the following two condi-
tions is true: 

(i) We are separately prosecuting the 
violation under this subpart. 

(ii) We have issued a final order for a 
violation, no longer subject to judicial 
review, for which you have already 
paid a penalty. 

(c) Judicial review. If you ask a court 
to review a civil or administrative pen-
alty, we will file in the appropriate 
court within 30 days of your request a 
certified copy or certified index of the 
record on which the court or the Ad-
ministrator issued the order. 

(1) The judge may set aside or re-
mand any order issued under this sec-
tion only if one of the following is true: 

(i) Substantial evidence does not 
exist in the record, taken as a whole, 
to support finding a violation. 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00417 Fmt 8010 Sfmt 8010 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



408 

40 CFR Ch. I (7–1–18 Edition) § 1068.201 

(ii) The Administrator’s assessment 
of the penalty is an abuse of discretion. 

(2) The judge may not add civil pen-
alties unless our penalty is an abuse of 
discretion that favors you. 

(d) Effect of enforcement actions on 
other requirements. Our pursuit of civil 
or administrative penalties does not af-
fect or limit our authority to enforce 
any provisions of this chapter. 

(e) Penalties. In any proceedings, the 
United States government may seek to 
collect civil penalties assessed under 
this section. 

(1) Once a penalty assessment is 
final, if you do not pay it, the Adminis-
trator will ask the Attorney General to 
bring a civil action in an appropriate 
district court to recover the money. We 
may collect interest from the date of 
the final order or final judgment at 
rates established by the Internal Rev-
enue Code of 1986 (26 U.S.C. 6621(a)(2)). 
In this action to collect overdue pen-
alties, the court will not review the va-
lidity, amount, and appropriateness of 
the penalty. 

(2) In addition, if you do not pay the 
full amount of a penalty on time, you 
must then pay more to cover interest, 
enforcement expenses (including attor-
ney’s fees and costs for collection), and 
a quarterly nonpayment penalty for 
each quarter you do not pay. The quar-
terly nonpayment penalty is 10 percent 
of your total penalties plus any unpaid 
nonpayment penalties from previous 
quarters. 

[73 FR 59344, Oct. 8, 2008, as amended at 75 FR 
23062, Apr. 30, 2010; 81 FR 74226, Oct. 25, 2016] 

Subpart C—Exemptions and 
Exclusions 

§ 1068.201 General exemption and ex-
clusion provisions. 

We may exempt new engines/equip-
ment from some or all of the prohibited 
acts or requirements of this part under 
provisions described in this subpart. 
We may exempt nonroad engines/equip-
ment already placed in service in the 
United States from the prohibition in 
§ 1068.101(b)(1) if the exemption for 
nonroad engines/equipment used solely 
for competition applies (see § 1068.235). 
In addition, see § 1068.1 and the stand-
ard-setting parts to determine if other 
engines/equipment are excluded from 

some or all of the regulations in this 
chapter. 

(a) This subpart identifies which en-
gines/equipment qualify for exemptions 
and what information we need. We may 
require more information. 

(b) If you violate any of the terms, 
conditions, instructions, or require-
ments to qualify for an exemption, we 
may void, revoke, or suspend the ex-
emption. 

(c) If you use an exemption under 
this subpart, we may require you to 
add a permanent or removable label to 
your exempted engines/equipment. You 
may ask us to modify these labeling re-
quirements if it is appropriate for your 
engine/equipment. 

(d) If you produce engines/equipment 
we exempt under this subpart, we may 
require you to make and keep records, 
perform tests, make reports and pro-
vide information as needed to reason-
ably evaluate the validity of the ex-
emption. 

(e) If you own or operate engines/ 
equipment we exempt under this sub-
part, we may require you to provide in-
formation as needed to reasonably 
evaluate the validity of the exemption. 

(f) Subpart D of this part describes 
how we apply these exemptions to en-
gines/equipment you import (or intend 
to import). 

(g) If you want to ask for an exemp-
tion or need more information, write to 
the Designated Compliance Officer. 

(h) You may ask us to modify the ad-
ministrative requirements for the ex-
emptions described in this subpart or 
in subpart D of this part. We may ap-
prove your request if we determine 
that such approval is consistent with 
the intent of this part. For example, 
waivable administrative requirements 
might include some reporting require-
ments, but would not include any eligi-
bility requirements or use restrictions. 

(i) If you want to take an action with 
respect to an exempted or excluded en-
gine/equipment that is prohibited by 
the exemption or exclusion, such as 
selling it, you need to certify the en-
gine/equipment. We will issue a certifi-
cate of conformity if you send us an ap-
plication for certification showing that 
you meet all the applicable require-
ments from the standard-setting part 
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and pay the appropriate fee. Alter-
natively, we may allow you to include 
in an existing certified engine family 
those engines/equipment you modify 
(or otherwise demonstrate) to be iden-
tical to engines/equipment already cov-
ered by the certificate. We would base 
such an approval on our review of any 
appropriate documentation. These en-
gines/equipment must have emission 
control information labels that accu-
rately describe their status. 

[73 FR 59344, Oct. 8, 2008, as amended at 74 FR 
8428, Feb. 24, 2009; 81 FR 74226, Oct. 25, 2016] 

§ 1068.210 Exempting test engines/ 
equipment. 

(a) We may exempt engines/equip-
ment that you will use for research, in-
vestigations, studies, demonstrations, 
or training. Note that you are not re-
quired to get an exemption under this 
section for engines that are exempted 
under other provisions of this part, 
such as the manufacturer-owned ex-
emption in § 1068.215. 

(b) Anyone may ask for a testing ex-
emption. 

(c) If you are a certificate holder, you 
may request an exemption for engines/ 
equipment you intend to include in 
test programs over a two-year period. 

(1) In your request, tell us the max-
imum number of engines/equipment in-
volved and describe how you will make 
sure exempted engines/equipment are 
used only for this testing. For example, 
if the exemption will involve other 
companies using your engines/equip-
ment, describe your plans to track in-
dividual units so you can properly re-
port on their final disposition. 

(2) Give us the information described 
in paragraph (d) of this section if we 
ask for it. 

(d) If you are not a certificate holder, 
do all the following things: 

(1) Show that the proposed test pro-
gram has a valid purpose under para-
graph (a) of this section. 

(2) Show you need an exemption to 
achieve the purpose of the test pro-
gram (time constraints may be a basis 
for needing an exemption, but the cost 
of certification alone is not). 

(3) Estimate the duration of the pro-
posed test program and the number of 
engines/equipment involved. 

(4) Allow us to monitor the testing. 

(5) Describe how you will ensure that 
you stay within this exemption’s pur-
poses. Address at least the following 
things: 

(i) The technical nature of the test. 
(ii) The test site. 
(iii) The duration and accumulated 

engine/equipment operation associated 
with the test. 

(iv) Ownership and control of the en-
gines/equipment involved in the test. 

(v) The intended final disposition of 
the engines/equipment. 

(vi) How you will identify, record, 
and make available the engine/equip-
ment identification numbers. 

(vii) The means or procedure for re-
cording test results. 

(e) If we approve your request for a 
testing exemption, we will send you a 
letter or a memorandum describing the 
basis and scope of the exemption. It 
will also include any necessary terms 
and conditions, which normally require 
you to do the following: 

(1) Stay within the scope of the ex-
emption. 

(2) Create and maintain adequate 
records that we may inspect. 

(3) Add a permanent label to all en-
gines/equipment exempted under this 
section, consistent with § 1068.45, with 
at least the following items: 

(i) The label heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(ii) Your corporate name and trade-
mark. 

(iii) Engine displacement, family 
identification, and model year of the 
engine/equipment (as applicable), or 
whom to contact for further informa-
tion. 

(iv) The statement: ‘‘THIS [engine, 
equipment, vehicle, etc.] IS EXEMPT 
UNDER 40 CFR 1068.210 OR 1068.215 
FROM EMISSION STANDARDS AND 
RELATED REQUIREMENTS.’’ 

(4) Tell us when the test program is 
finished. 

(5) Tell us the final disposition of the 
engines/equipment. 

[76 FR 57488, Sept. 15, 2011, as amended at 81 
FR 74226, Oct. 25, 2016] 

§ 1068.215 Exempting manufacturer- 
owned engines/equipment. 

(a) You are eligible for this exemp-
tion for manufacturer-owned engines/ 
equipment only if you are a certificate 
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holder. Any engine for which you meet 
all applicable requirements under this 
section is exempt without request. 

(b) Engines/equipment may be ex-
empt without a request if they are non-
conforming engines/equipment under 
your ownership, possession, and con-
trol and you do not operate them for 
purposes other than to develop prod-
ucts, assess production methods, or 
promote your engines/equipment in the 
marketplace, or other purposes we ap-
prove. You may not loan, lease, sell, or 
use the engine/equipment to generate 
revenue, either by itself or for an en-
gine installed in a piece of equipment, 
except as allowed by § 1068.201(i). Note 
that this paragraph (b) does not pre-
vent the sale or shipment of a partially 
complete engine to a secondary engine 
manufacturer that will meet the re-
quirements of this paragraph (b). See 
§ 1068.262 for provisions related to ship-
ping partially complete engines to sec-
ondary engine manufacturers. 

(c) To use this exemption, you must 
do three things: 

(1) Establish, maintain, and keep ade-
quately organized and indexed informa-
tion on all exempted engines/equip-
ment, including the engine/equipment 
identification number, the use of the 
engine/equipment on exempt status, 
and the final disposition of any engine/ 
equipment removed from exempt sta-
tus. 

(2) Let us access these records, as de-
scribed in § 1068.20. 

(3) Add a permanent label to all en-
gines/equipment exempted under this 
section, consistent with § 1068.45, with 
at least the following items: 

(i) The label heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(ii) Your corporate name and trade-
mark. 

(iii) Family identification and model 
year of the engine/equipment (as appli-
cable), or whom to contact for further 
information. 

(iv) The statement: ‘‘THIS [engine, 
equipment, vehicle, etc.] IS EXEMPT 
UNDER 40 CFR 1068.210 OR 1068.215 
FROM EMISSION STANDARDS AND 
RELATED REQUIREMENTS.’’ 

[73 FR 59344, Oct. 8, 2008, as amended at 75 FR 
23062, Apr. 30, 2010; 81 FR 74226, Oct. 25, 2016] 

§ 1068.220 Exempting display engines/ 
equipment. 

(a) Anyone may request an exemp-
tion for display engines/equipment. 

(b) Nonconforming display engines/ 
equipment will be exempted if they are 
used only for displays in the interest of 
a business or the general public. This 
exemption does not apply to engines/ 
equipment displayed for private use, 
private collections, or any other pur-
pose we determine is inappropriate for 
a display exemption. 

(c) You may operate the exempted 
engine/equipment, but only if we ap-
prove specific operation that is part of 
the display, or is necessary for the dis-
play (possibly including operation that 
is indirectly necessary for the display). 
We may consider any relevant factor in 
our approval process, including the ex-
tent of the operation, the overall emis-
sion impact, and whether the engine/ 
equipment meets emission require-
ments of another country. 

(d) You may sell or lease the exempt-
ed engine/equipment only with our ad-
vance approval. 

(e) To use this exemption, you must 
add a permanent label to all engines/ 
equipment exempted under this sec-
tion, consistent with § 1068.45, with at 
least the following items: 

(1) The label heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(2) Your corporate name and trade-
mark. 

(3) Engine displacement, family iden-
tification, and model year of the en-
gine/equipment (as applicable), or 
whom to contact for further informa-
tion. 

(4) The statement: ‘‘THIS [engine, 
equipment, vehicle, etc.] IS EXEMPT 
UNDER 40 CFR 1068.220 FROM EMIS-
SION STANDARDS AND RELATED 
REQUIREMENTS.’’ 

(f) We may set other conditions for 
approval of this exemption. 

[81 FR 74226, Oct. 25, 2016] 

§ 1068.225 Exempting engines/equip-
ment for national security. 

The standards and requirements of 
the standard-setting part and the pro-
hibitions in § 1068.101(a)(1) and (b) do 
not apply to engines exempted under 
this section. 
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(a) An engine/equipment is exempt 
without a request if it will be owned by 
an agency of the Federal Government 
responsible for national defense and it 
meets at least one of the following cri-
teria: 

(1) An engine is automatically ex-
empt in cases where the equipment in 
which it will be installed has armor, 
permanently attached weaponry, or 
other substantial features typical of 
military combat. Similarly, equipment 
subject to equipment-based standards 
is automatically exempt if it has any 
of these same features. 

(2) In the case of marine vessels with 
compression-ignition engines, an en-
gine is automatically exempt if the 
vessel in which it will be installed has 
specialized electronic warfare systems, 
unique stealth performance require-
ments, or unique combat maneuver-
ability requirements. 

(3) Gas turbine engines installed in 
marine vessels are automatically ex-
empt. 

(4) An engine/equipment is automati-
cally exempt if it would need sulfur- 
sensitive technology to comply with 
emission standards, and it is intended 
to be used in areas outside the United 
States where ultra low-sulfur fuel is 
unavailable. 

(b) For the circumstances described 
in paragraphs (a)(1) and (2) of this sec-
tion, an engine/equipment is also ex-
empt without a request if it will be 
used, but not owned, by an agency of 
the Federal Government responsible 
for national defense. 

(c) Manufacturers may produce and 
ship engines/equipment under an auto-
matic exemption as described in para-
graph (a) or (b) of this section if they 
receive a written request for such en-
gines/equipment from the appropriate 
federal agency. 

(d) Manufacturers may request a na-
tional security exemption for engines/ 
equipment not meeting the conditions 
of paragraphs (a) and (b) of this section 
as long as the request is endorsed by an 
agency of the Federal Government re-
sponsible for national defense. In your 
request, explain why you need the ex-
emption. 

(e) Add a permanent label to all en-
gines/equipment exempted under this 

section, consistent with § 1068.45, with 
at least the following items: 

(1) The label heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(2) Your corporate name and trade-
mark. 

(3) Engine displacement, family iden-
tification, and model year of the en-
gine/equipment (as applicable), or 
whom to contact for further informa-
tion. 

(4) The statement: ‘‘THIS [engine, 
equipment, vehicle, etc.] HAS AN EX-
EMPTION FOR NATIONAL SECURITY 
UNDER 40 CFR 1068.225.’’ 

[81 FR 74227, Oct. 25, 2016] 

§ 1068.230 Exempting engines/equip-
ment for export. 

The provisions of this section apply 
differently depending on the country to 
which the engines/equipment are being 
exported. 

(a) We will not exempt new engines/ 
equipment if you export them to a 
country with emission standards iden-
tical to ours, in which case they must 
be covered by a certificate of con-
formity. Where we determine that such 
engines/equipment will not be placed 
into service in the United States, the 
following provisions apply for special 
export-only certification: 

(1) The engines/equipment must be 
covered by a certificate of conformity 
or equivalent approval issued by the 
destination country. 

(2) To get an export-only certificate 
of conformity, send the Designated 
Compliance Officer a request. We may 
require you to provide information 
such as documentation of the foreign 
certification and related test data. 

(3) No fees apply for export-only cer-
tification. 

(4) The engines/equipment must be 
labeled as specified in paragraph (d) of 
this section. 

(5) This export-only certificate is not 
considered a valid certificate of con-
formity with respect to the prohibition 
in § 1068.101(a)(1) for sale to ultimate 
purchasers in the United States. These 
engines/equipment also may not reen-
ter the United States unless the regu-
lations of this chapter otherwise allow 
it. 

(b) Engines/equipment exported to a 
country not covered by paragraph (a) 
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of this section are exempt from the 
prohibited acts in this part without a 
request. If you produce exempt engines/ 
equipment for export and any of them 
are sold or offered for sale to an ulti-
mate purchaser in the United States, 
the exemption is automatically void 
for those engines/equipment, except as 
specified in § 1068.201(i). You may oper-
ate engines/equipment in the United 
States only as needed to prepare and 
deliver them for export. 

(c) Except as specified in paragraph 
(d) of this section, label exempted en-
gines/equipment (including shipping 
containers if the label on the engine/ 
equipment will be obscured by the con-
tainer) with a label showing that they 
are not certified for sale or use in the 
United States. This label may be per-
manent or removable. See § 1068.45 for 
provisions related to the use of remov-
able labels and applying labels to con-
tainers without labeling individual en-
gines/equipment. The label must in-
clude your corporate name and trade-
mark and the following statement: 
‘‘THIS [engine, equipment, vehicle, 
etc.] IS SOLELY FOR EXPORT AND 
IS THEREFORE EXEMPT UNDER 40 
CFR 1068.230 FROM U.S. EMISSION 
STANDARDS AND RELATED RE-
QUIREMENTS.’’ 

(1) ‘‘THIS ENGINE IS SOLELY FOR 
EXPORT AND IS THEREFORE EX-
EMPT UNDER 40 CFR 1068.230 FROM 
U.S. EMISSION STANDARDS AND 
RELATED REQUIREMENTS.’’ 

(2) ‘‘THIS EQUIPMENT IS SOLELY 
FOR EXPORT AND IS THEREFORE 
EXEMPT UNDER 40 CFR 1068.230 
FROM U.S. EMISSION STANDARDS 
AND RELATED REQUIREMENTS.’’ 

(d) You must apply a permanent label 
as specified in this paragraph (d) for 
engines/equipment certified under 
paragraph (a) of this section. You may 
apply a permanent label as specified in 
this paragraph (d) instead of the label 
specified in paragraph (c) of this sec-
tion for exempted engines/equipment. 
Add a permanent label meeting the re-
quirements of the destination country 
and include in the bill of lading a state-
ment that the engines/equipment must 
be exported to avoid violating EPA reg-
ulations. We may modify applicable la-
beling requirements to align with the 

labeling requirements that apply for 
the destination country. 

(e) We may set other reasonable con-
ditions to ensure that engines/equip-
ment exempted under this section are 
not placed into service in the United 
States. 

(f) Exemptions under this section ex-
pire once engines are no longer in the 
United States. Therefore exemptions 
under this section do not allow engines 
to be imported back into the United 
States. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74227, Oct. 25, 2016] 

§ 1068.235 Exempting nonroad engines/ 
equipment used solely for competi-
tion. 

The following provisions apply for 
nonroad engines/equipment, but not for 
motor vehicles or for stationary appli-
cations: 

(a) New nonroad engines/equipment 
you produce that are used solely for 
competition are excluded from emis-
sion standards. We may exempt (rather 
than exclude) new nonroad engines/ 
equipment you produce that you intend 
to be used solely for competition, 
where we determine that such engines/ 
equipment are unlikely to be used con-
trary to your intent. See the standard- 
setting parts for specific provisions 
where applicable. Note that the defini-
tions in the standard-setting part may 
deem uncertified engines/equipment to 
be new upon importation. 

(b) If you modify any nonroad en-
gines/equipment after they have been 
placed into service in the United States 
so they will be used solely for competi-
tion, they are exempt without request. 
This exemption applies only to the pro-
hibitions in § 1068.101(b)(1) and (2) and 
are valid only as long as the engine/ 
equipment is used solely for competi-
tion. You may not use the provisions of 
this paragraph (b) to circumvent the 
requirements that apply to the sale of 
new competition engines under the 
standard-setting part. 

(c) If you modify any nonroad en-
gines/equipment under paragraph (b) of 
this section, you must destroy the 
original emission labels. If you loan, 
lease, sell, or give any of these engines/ 
equipment to someone else, you must 
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tell the new owner (or operator, if ap-
plicable) in writing that they may be 
used only for competition. 

[81 FR 74227, Oct. 25, 2016] 

§ 1068.240 Exempting new replacement 
engines. 

The prohibitions in § 1068.101(a)(1) do 
not apply to a new engine if it is ex-
empt under this section as a replace-
ment engine. For purposes of this sec-
tion, a replacement engine is a new en-
gine that is used to replace an engine 
that has already been placed into serv-
ice (whether the previous engine is re-
placed in whole or in part with a new 
engine). 

(a) General provisions. You are eligible 
for the exemption for new replacement 
engines only if you are a certificate 
holder. Note that this exemption does 
not apply for locomotives (40 CFR 
1033.601) and that unique provisions 
apply to marine compression-ignition 
engines (40 CFR 1042.615). 

(1) Paragraphs (b), (c), and (d) of this 
section describe different approaches 
for exempting new replacement engines 
where the engines are specially built to 
correspond to an engine model from an 
earlier model year that was subject to 
less stringent standards than those 
that apply for current production (or is 
no longer covered by a certificate of 
conformity). You must comply with 
the requirements of paragraph (b) of 
this section for any number of replace-
ment engines you produce in excess of 
what we allow under paragraph (c) of 
this section. You must designate en-
gines you produce under this section as 
tracked engines under paragraph (b) of 
this section or untracked engines 
under paragraph (c) of this section by 
the deadline for the report specified in 
paragraph (c)(3) of this section. 

(2) Paragraph (e) of this section de-
scribes a simpler approach for exempt-
ing partially complete new replace-
ment engines that are built under a 
certificate of conformity that is valid 
for producing engines for the current 
model year. 

(3) For all the different approaches 
described in paragraphs (b) through (e) 
of this section, the exemption applies 
only for equipment that is 40 years old 
or less at the time of installation. 

(b) Previous-tier replacement engines 
with tracking. You may produce any 
number of new engines to replace an 
engine already placed into service in a 
piece of equipment, as follows: 

(1) The engine being replaced must 
have been either not originally subject 
to emission standards or originally 
subject to less stringent emission 
standards than those that apply to a 
new engine meeting current standards. 
The provisions of this paragraph (b) 
also apply for engines that were origi-
nally certified to the same standards 
that apply for the current model year 
if you no longer have a certificate of 
conformity to continue producing that 
engine configuration. 

(2) The following requirements and 
conditions apply for engines exempted 
under this paragraph (b): 

(i) You must determine that you do 
not produce an engine certified to meet 
current requirements that has the ap-
propriate physical or performance 
characteristics to repower the equip-
ment. If the engine being replaced was 
made by a different company, you must 
make this determination also for en-
gines produced by this other company. 

(ii) In the case of premature engine 
failure, if the old engine was subject to 
emission standards, you must make 
the new replacement engine in a con-
figuration identical in all material re-
spects to the old engine and meet the 
requirements of § 1068.265. You may al-
ternatively make the new replacement 
engine in a configuration identical in 
all material respects to another cer-
tified engine of the same or later model 
year as long as the engine is not cer-
tified with a family emission limit 
higher than that of the old engine. 

(iii) For cases not involving pre-
mature engine failure, you must make 
a separate determination for your own 
product line addressing every tier of 
emission standards that is more strin-
gent than the emission standards for 
the engine being replaced. For exam-
ple, if the engine being replaced was 
built before the Tier 1 standards start-
ed to apply and engines of that power 
category are currently subject to Tier 3 
standards, you must also consider 
whether any Tier 1 or Tier 2 engines 
that you produce have the appropriate 
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physical and performance characteris-
tics for replacing the old engine; if you 
produce a Tier 2 engine with the appro-
priate physical and performance char-
acteristics, you must use it as the re-
placement engine. 

(iv) You must keep records to docu-
ment your basis for making the deter-
minations in paragraphs (b)(2)(i) and 
(iii) of this section. 

(3) An old engine block replaced by a 
new engine exempted under this para-
graph (b) may be reintroduced into 
U.S. commerce as part of an engine 
that meets either the current stand-
ards for new engines, the provisions for 
new replacement engines in this sec-
tion, or another valid exemption. Oth-
erwise, you must destroy the old en-
gine block (or confirm that it has been 
destroyed), or export the engine block 
without its emission label. 

(4) If the old engine was subject to 
emission standards, the replacement 
engine must meet the appropriate 
emission standards as specified in 
§ 1068.265. This generally means you 
must make the new replacement en-
gine in a previously certified configu-
ration. 

(5) Except as specified in paragraph 
(d) of this section, you must add a per-
manent label, consistent with § 1068.45, 
with your corporate name and trade-
mark and the following additional in-
formation: 

(i) Add the following statement if the 
new engine may only be used to replace 
an engine that was not subject to any 
emission standards under this chapter: 

THIS REPLACEMENT ENGINE IS EX-
EMPT UNDER 40 CFR 1068.240. SELLING OR 
INSTALLING THIS ENGINE FOR ANY PUR-
POSE OTHER THAN TO REPLACE AN UN-
REGULATED ENGINE MAY BE A VIOLA-
TION OF FEDERAL LAW SUBJECT TO 
CIVIL PENALTY. THIS ENGINE MAY NOT 
BE INSTALLED IN EQUIPMENT THAT IS 
MORE THAN 40 YEARS OLD AT THE TIME 
OF INSTALLATION. 

(ii) Add the following statement if 
the new engine may replace an engine 
that was subject to emission standards: 

THIS ENGINE COMPLIES WITH U.S. EPA 
EMISSION REQUIREMENTS FOR [Identify 
the appropriate emission standards (by 
model year, tier, or emission levels) for the 
replaced engine] ENGINES UNDER 40 CFR 
1068.240. SELLING OR INSTALLING THIS 
ENGINE FOR ANY PURPOSE OTHER THAN 

TO REPLACE A [Identify the appropriate 
emission standards for the replaced engine, 
by model year(s), tier(s), or emission levels)] 
ENGINE MAY BE A VIOLATION OF FED-
ERAL LAW SUBJECT TO CIVIL PENALTY. 
THIS ENGINE MAY NOT BE INSTALLED IN 
EQUIPMENT THAT IS MORE THAN 40 
YEARS OLD AT THE TIME OF INSTALLA-
TION. 

(6) Engines exempt under this para-
graph (b) may not be introduced into 
U.S. commerce before you make the 
determinations under paragraph (b)(2) 
of this section, except as specified in 
this paragraph (b)(6). We may waive 
this restriction for engines excluded 
under paragraph (c)(5) of this section 
that you ship to a distributor. Where 
we waive this restriction, you must 
take steps to ensure that the engine is 
installed consistent with the require-
ments of this paragraph (b). For exam-
ple, at a minimum you must report to 
us annually whether engines we al-
lowed you to ship to a distributor 
under this paragraph (b)(6) have been 
placed into service or remain in inven-
tory. After an engine is placed into 
service, your report must describe how 
the engine was installed consistent 
with the requirements of this para-
graph (b). Send these reports to the 
Designated Compliance Officer by the 
deadlines we specify. 

(c) Previous-tier replacement engines 
without tracking. You may produce a 
limited number of new replacement en-
gines that are not from a currently cer-
tified engine family under the provi-
sions of this paragraph (c). If you 
produce new engines under this para-
graph (c) to replace engines subject to 
emission standards, the new replace-
ment engine must be in a configuration 
identical in all material respects to the 
old engine and meet the requirements 
of § 1068.265. You may make the new re-
placement engine in a configuration 
identical in all material respects to an-
other certified engine of the same or 
later model year as long as the engine 
is not certified with a family emission 
limit higher than that of the old en-
gine. The provisions of this paragraph 
(c) also apply for engines that were 
originally certified to the same stand-
ards that apply for the current model 
year if you no longer have a certificate 
of conformity to continue producing 
that engine configuration. This would 
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apply, for example, for engine configu-
rations that were certified in an earlier 
model year but are no longer covered 
by a certificate of conformity. The fol-
lowing provisions apply to engines ex-
empted under this paragraph (c): 

(1) You may produce a limited num-
ber of replacement engines under this 
paragraph (c) representing 0.5 percent 
of your annual production volumes for 
each category and subcategory of en-
gines identified in Table 1 to this sec-
tion (1.0 percent through 2013). Cal-
culate this number by multiplying 
your annual U.S.-directed production 
volume by 0.005 (or 0.01 through 2013) 
and rounding to the nearest whole 
number. Determine the appropriate 
production volume by identifying the 
highest total annual U.S.-directed pro-
duction volume of engines from the 
previous three model years for all your 
certified engines from each category or 
subcategory identified in Table 1 to 
this section, as applicable. In unusual 
circumstances, you may ask us to base 
your production limits on U.S.-directed 
production volume for a model year 
more than three years prior. You may 
include stationary engines and exempt-
ed engines as part of your U.S.-directed 
production volume. Include U.S.-di-
rected engines produced by any affili-
ated companies and those from any 
other companies you license to produce 
engines for you. 

(2) Count every exempted new re-
placement engine from your total U.S.- 
directed production volume that you 
produce in a given calendar year under 
this paragraph (c), including partially 
complete engines, except for the fol-
lowing: 

(i) Engines built to specifications for 
an earlier model year under paragraph 
(b) of this section. 

(ii) Partially complete engines ex-
empted under paragraph (e) of this sec-
tion. 

(3) Send the Designated Compliance 
Officer a report by September 30 of the 
year following any year in which you 
produced exempted replacement en-
gines under this paragraph (c). In your 
report include the total number of re-
placement engines you produce under 
this paragraph (c) for each category or 
subcategory, as appropriate, and the 
corresponding total production vol-

umes determined under paragraph 
(c)(1) of this section. If you send us a 
report under this paragraph (c)(3), you 
must also include the total number of 
replacement engines you produced 
under paragraphs (b), (d), and (e) of this 
section (including any replacement 
marine engines subject to reporting 
under 40 CFR 1042.615). Count exempt 
engines as tracked under paragraph (b) 
of this section only if you meet all the 
requirements and conditions that apply 
under paragraph (b) of this section by 
the due date for the annual report. You 
may include the information required 
under this paragraph (c)(3) in produc-
tion reports required under the stand-
ard-setting part. 

(4) Add a permanent label as specified 
in paragraph (b)(5) of this section. For 
partially complete engines, you may 
alternatively add a permanent or re-
movable label as specified in paragraph 
(d) of this section. 

(5) You may not use the provisions of 
this paragraph (c) for any engines in 
the following engine categories or sub-
categories: 

(i) Land-based nonroad compression- 
ignition engines we regulate under 40 
CFR part 1039 with a per-cylinder dis-
placement at or above 7.0 liters. 

(ii) Marine compression-ignition en-
gines we regulate under 40 CFR part 
1042 with a per-cylinder displacement 
at or above 7.0 liters. 

(iii) Locomotive engines we regulate 
under 40 CFR part 1033. 

(d) Partially complete engines. The fol-
lowing requirements apply if you ship a 
partially complete replacement engine 
under this section: 

(1) Provide instructions specifying 
how to complete the engine assembly 
such that the resulting engine con-
forms to the applicable certificate of 
conformity or the specifications of 
§ 1068.265. Where a partially complete 
engine can be built into multiple dif-
ferent configurations, you must be able 
to identify all the engine models and 
model years for which the partially 
complete engine may properly be used 
for replacement purposes. Your in-
structions must make clear how the 
final assembler can determine which 
configurations are appropriate for the 
engine they receive. 
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(2) You must label the engine as fol-
lows: 

(i) If you have a reasonable basis to 
believe that the fully assembled engine 
will include the original emission con-
trol information label, you may add a 
removable label to the engine with 
your corporate name and trademark 
and the statement: ‘‘This replacement 
engine is exempt under 40 CFR 
1068.240.’’ This would generally apply if 
all the engine models that are compat-
ible with the replacement engine were 
covered by a certificate of conformity 
and they were labeled in a position on 
the engine or equipment that is not in-
cluded as part of the partially com-
plete engine being shipped for replace-
ment purposes. Removable labels must 
meet the requirements specified in 
§ 1068.45. 

(ii) If you do not qualify for using a 
removable label in paragraph (d)(2)(i) 
of this section, you must add a perma-
nent label in a readily visible location, 
though it may be obscured after instal-
lation in a piece of equipment. Include 
on the permanent label your corporate 
name and trademark, the engine’s part 
number (or other identifying informa-
tion), and the statement: ‘‘THIS RE-
PLACEMENT ENGINE IS EXEMPT 
UNDER 40 CFR 1068.240. THIS ENGINE 
MAY NOT BE INSTALLED IN EQUIP-
MENT THAT IS MORE THAN 40 
YEARS OLD AT THE TIME OF IN-
STALLATION.’’ If there is not enough 
space for this statement, you may al-
ternatively add: ‘‘REPLACEMENT’’ or 
‘‘SERVICE ENGINE.’’ For purposes of 
this paragraph (d)(2), engine part num-
bers permanently stamped or engraved 

on the engine are considered to be in-
cluded on the label. 

(e) Partially complete current-tier re-
placement engines. The provisions of 
paragraph (d) of this section apply for 
engines you produce from a current 
line of certified engines or vehicles if 
you ship them as partially complete 
engines for replacement purposes. This 
applies for engine-based and equip-
ment-based standards as follows: 

(1) Where engine-based standards 
apply, you may introduce into U.S. 
commerce short blocks or other par-
tially complete engines from a cur-
rently certified engine family as re-
placement components for in-use 
equipment powered by engines you 
originally produced. You must be able 
to identify all the engine models and 
model years for which the partially 
complete engine may properly be used 
for replacement purposes. 

(2) Where equipment-based standards 
apply, you may introduce into U.S. 
commerce engines that are identical to 
engines covered by a current certifi-
cate of conformity by demonstrating 
compliance with currently applicable 
standards where the engines will be in-
stalled as replacement engines. These 
engines might be fully assembled, but 
we would consider them to be partially 
complete engines because they are not 
yet installed in the equipment. 

(f) Emission credits. Replacement en-
gines exempted under this section may 
not generate or use emission credits 
under the standard-setting part nor be 
part of any associated credit calcula-
tions. 

TABLE 1 TO § 1068.240—ENGINE CATEGORIES AND SUBCATEGORIES FOR NEW REPLACEMENT 
ENGINES EXEMPTED WITHOUT TRACKING 

Engine category Standard-setting part 1 Engine subcategories 

Highway CI ..................................................................... 40 CFR part 86 ........................................ disp. < 0.6 L/cyl. 
0.6 ≤ disp. < 1.2 L/cyl. 
disp. ≥ 1.2 L/cyl. 

Nonroad CI, Stationary CI, and Marine CI ..................... 40 CFR part 1039, or 40 CFR part 1042 disp. < 0.6 L/cyl. 
0.6 ≤ disp. < 1.2 L/cyl. 
1.2 ≤ disp. < 2.5 L/cyl. 
2.5 ≤ disp. < 7.0 L/cyl. 

Marine SI ........................................................................ 40 CFR part 1045 .................................... outboard. 
personal watercraft. 

Large SI, Stationary SI, and Marine SI (sterndrive/in-
board only).

40 CFR part 1048 or 40 CFR part 1045 all engines. 

Recreational vehicles ..................................................... 40 CFR part 1051 .................................... off-highway motorcycle. 
all-terrain vehicle. 
snowmobile. 
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TABLE 1 TO § 1068.240—ENGINE CATEGORIES AND SUBCATEGORIES FOR NEW REPLACEMENT 
ENGINES EXEMPTED WITHOUT TRACKING—Continued 

Engine category Standard-setting part 1 Engine subcategories 

Small SI and Stationary SI ............................................. 40 CFR part 1054 .................................... handheld. 
Class I. 
Class II. 

1 Include an engine as being subject to the identified standard-setting part if it will eventually be subject to emission standards 
under that part. For example, if you certify marine compression-ignition engines under part 94, count those as if they were al-
ready subject to part 1042. 

[79 FR 7085, Feb. 6, 2014, as amended at 81 FR 
74227, Oct. 25, 2016] 

§ 1068.245 Temporary provisions ad-
dressing hardship due to unusual 
circumstances. 

(a) After considering the cir-
cumstances, we may permit you to in-
troduce into U.S. commerce engines/ 
equipment that do not comply with 
emission-related requirements for a 
limited time if all the following condi-
tions apply: 

(1) Unusual circumstances that are 
clearly outside your control prevent 
you from meeting requirements from 
this chapter. 

(2) You exercised prudent planning 
and were not able to avoid the viola-
tion; you have taken all reasonable 
steps to minimize the extent of the 
nonconformity. 

(3) No other allowances are available 
under the regulations in this chapter 
to avoid the impending violation, in-
cluding the provisions of § 1068.250. 

(4) Not having the exemption will 
jeopardize the solvency of your com-
pany. 

(b) If your unusual circumstances are 
only related to compliance with the 
model-year provisions of § 1068.103(f), 
we may grant hardship under this sec-
tion without a demonstration that the 
solvency of your company is in jeop-
ardy as follows: 

(1) You must demonstrate that the 
conditions specified in paragraphs 
(a)(1) through (3) of this section apply. 

(2) Your engines/equipment must 
comply with standards and other re-
quirements that would have applied if 
assembly were completed on schedule. 

(3) You may generally request this 
exemption only for engines/equipment 
for which assembly has been substan-
tially completed; you may not begin 
assembly of any additional engines/ 

equipment under this exemption after 
the cause for delay has occurred. We 
may make an exception to this general 
restriction for secondary engine manu-
facturers. 

(4) As an example, if your normal 
production process involves purchase of 
partially complete engines and a sup-
plier fails to deliver all the ordered en-
gines in time for your assembly accord-
ing to your previously established 
schedule as a result of a fire at its fac-
tory, you may request that we treat 
those engine as if they had been com-
pleted on the original schedule. Note 
that we would grant relief only for 
those engines where you had a reason-
able basis for expecting the engines to 
be delivered on time based on past per-
formance and terms of purchase. 

(c) To apply for an exemption, you 
must send the Designated Compliance 
Officer a written request as soon as 
possible before you are in violation. In 
your request, show that you meet all 
the conditions and requirements in 
paragraph (a) of this section. 

(d) Include in your request a plan 
showing how you will meet all the ap-
plicable requirements as quickly as 
possible. 

(e) You must give us other relevant 
information if we ask for it. 

(f) We may include reasonable addi-
tional conditions on an approval grant-
ed under this section, including provi-
sions to recover or otherwise address 
the lost environmental benefit or pay-
ing fees to offset any economic gain re-
sulting from the exemption. For exam-
ple, in the case of multiple tiers of 
emission standards, we may require 
that you meet the standards from the 
previous tier whether or not your hard-
ship is granted under paragraph (b) of 
this section. 

(g) Add a permanent label to all en-
gines/equipment exempted under this 
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section, consistent with § 1068.45, with 
at least the following items: 

(1) The label heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(2) Your corporate name and trade-
mark. 

(3) Engine displacement (in liters or 
cubic centimeters), and model year of 
the engine/equipment, (as applicable); 
or whom to contact for further infor-
mation. We may also require that you 
include maximum engine power. 

(4) A statement describing the en-
gine’s status as an exempted engine: 

(i) If the engine/equipment does not 
meet any emission standards, add the 
following statement: ‘‘THIS [engine, 
equipment, vehicle, etc.] IS EXEMPT 
UNDER 40 CFR 1068.245 FROM EMIS-
SION STANDARDS AND RELATED 
REQUIREMENTS.’’ 

(ii) If the engines/equipment meet al-
ternate emission standards as a condi-
tion of an exemption under this sec-
tion, we may specify a different state-
ment to identify the alternate emission 
standards. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74228, Oct. 25, 2016] 

§ 1068.250 Extending compliance dead-
lines for small businesses under 
hardship. 

(a) After considering the cir-
cumstances, we may extend the com-
pliance deadline for you to meet new or 
revised emission standards as long as 
you meet all the conditions and re-
quirements in this section. 

(b) You must be a small business to 
be eligible for this exemption. 

(c) Send the Designated Compliance 
Officer a written request for an exten-
sion as soon as possible before you are 
in violation. In your request, show that 
all the following conditions and re-
quirements apply: 

(1) You have taken all possible busi-
ness, technical, and economic steps to 
comply. 

(i) In the case of importers of en-
gines/equipment produced by other 
companies, show that you attempted to 
find a manufacturer capable of sup-
plying complying products as soon as 
you became aware of the applicable re-
quirements but were unable to do so. 

(ii) For all other manufacturers, 
show that the burden of compliance 

costs prevents you from meeting the 
requirements of this chapter. 

(2) Not having the exemption will 
jeopardize the solvency of your com-
pany. 

(3) No other allowances are available 
under the regulations in this chapter 
to avoid the impending violation. 

(d) In describing the steps you have 
taken to comply under paragraph (c)(1) 
of this section, include at least the fol-
lowing information: 

(1) Describe your business plan, show-
ing the range of projects active or 
under consideration. 

(2) Describe your current and pro-
jected financial status, with and with-
out the burden of complying fully with 
the applicable regulations in this chap-
ter. 

(3) Describe your efforts to raise cap-
ital to comply with regulations in this 
chapter (this may not apply for import-
ers). 

(4) Identify the engineering and tech-
nical steps you have taken or those 
you plan to take to comply with regu-
lations in this chapter. 

(5) Identify the level of compliance 
you can achieve. For example, you may 
be able to produce engines/equipment 
that meet a somewhat less stringent 
emission standard than the regulations 
in this chapter require. 

(e) Include in your request a plan 
showing how you will meet all the ap-
plicable requirements as quickly as 
possible. 

(f) You must give us other relevant 
information if we ask for it. 

(g) An authorized representative of 
your company must sign the request 
and include the statement: ‘‘All the in-
formation in this request is true and 
accurate to the best of my knowledge.’’ 

(h) [Reserved] 
(j) We may approve extensions of the 

compliance deadlines as reasonable 
under the circumstances up to one 
model year at a time, and up to three 
years total. 

(k) Add a permanent label to all en-
gines/equipment exempted under this 
section, consistent with § 1068.45, with 
at least the following items: 

(1) The label heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(2) Your corporate name and trade-
mark. 
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(3) Engine displacement (in liters or 
cubic centimeters), and model year of 
the engine/equipment (as applicable); 
or whom to contact for further infor-
mation. We may also require that you 
include maximum engine power. 

(4) A statement describing the en-
gine’s status as an exempted engine: 

(i) If the engine/equipment does not 
meet any emission standards, add the 
following statement:‘‘THIS [engine, 
equipment, vehicle, etc.] IS EXEMPT 
UNDER 40 CFR 1068.250 FROM EMIS-
SION STANDARDS AND RELATED 
REQUIREMENTS.’’ 

(ii) If the engine/equipment meets al-
ternate emission standards as a condi-
tion of an exemption under this sec-
tion, we may specify a different state-
ment to identify the alternate emission 
standards. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74228, Oct. 25, 2016] 

§ 1068.255 Exempting engines and fuel- 
system components for hardship for 
equipment manufacturers and sec-
ondary engine manufacturers. 

This section describes how, in un-
usual circumstances, we may approve 
an exemption to prevent hardship to an 
equipment manufacturer or a sec-
ondary engine manufacturer. This sec-
tion does not apply to products that 
are subject to equipment-based exhaust 
emission standards. 

(a) Equipment exemption. As an equip-
ment manufacturer, you may ask for 
approval to produce exempted equip-
ment for up to 12 months. We will gen-
erally limit this to a single interval up 
to 12 months in the first year that new 
or revised emission standards apply. 
Exemptions under this section are not 
limited to small businesses. Send the 
Designated Compliance Officer a writ-
ten request for an exemption before 
you are in violation. In your request, 
you must show you are not at fault for 
the impending violation and that you 
would face serious economic hardship 
if we do not grant the exemption. This 
exemption is not available under this 
paragraph (a) if you manufacture the 
engine or fuel-system components you 
need for your own equipment, or if 
complying engines or fuel-system com-
ponents are available from other manu-
facturers that could be used in your 

equipment, unless we allow it else-
where in this chapter. We may impose 
other conditions, including provisions 
to use products meeting less stringent 
emission standards or to recover the 
lost environmental benefit. In deter-
mining whether to grant the exemp-
tions, we will consider all relevant fac-
tors, including the following: 

(1) The number of engines or fuel-sys-
tem components involved. 

(2) The size of your company and 
your ability to endure the hardship. 

(3) The amount of time you had to re-
design your equipment to accommo-
date complying products. 

(4) Whether there was any breach of 
contract by a supplier. 

(5) The potential for market disrup-
tion. 

(b) Engine and fuel-system component 
exemption. As an engine manufacturer 
or fuel-system component manufac-
turer, you may produce nonconforming 
products for the equipment we exempt 
in paragraph (a) of this section. You do 
not have to request this exemption but 
you must have written assurance from 
equipment manufacturers that they 
need a certain number of exempted 
products under this section. Label en-
gines or fuel-system components as fol-
lows, consistent with § 1068.45: 

(1) Engines. Add a permanent label to 
all engines/equipment exempted under 
this section with at least the following 
items: 

(i) The label heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(ii) Your corporate name and trade-
mark. 

(iii) Engine displacement (in liters or 
cubic centimeters) and model year of 
the engine, or whom to contact for fur-
ther information. We may also require 
that you include maximum engine 
power. 

(iv) If the engine does not meet any 
emission standards: ‘‘THIS ENGINE IS 
EXEMPT UNDER 40 CFR 1068.255 
FROM EMISSION STANDARDS AND 
RELATED REQUIREMENTS.’’ If the 
engine meets alternate emission stand-
ards as a condition of an exemption 
under this section, we may specify a 
different statement to identify the al-
ternate emission standards. 

(2) Fuel-system components. Add a per-
manent label to all engines/equipment 
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exempted under this section with at 
least the following items: 

(i) Your corporate name and trade-
mark. 

(ii) The statement ‘‘EXEMPT 
UNDER 40 CFR 1068.255’’. 

(c) Secondary engine manufacturers. As 
a secondary engine manufacturer, you 
may ask for approval to produce ex-
empted engines under this section for 
up to 12 months. We may require you 
to certify your engines to compliance 
levels above the emission standards 
that apply. For example, in the case of 
multiple tiers of emission standards, 
we may require you to meet the stand-
ards from the previous tier. 

(1) The provisions in paragraph (a) of 
this section that apply to equipment 
manufacturers requesting an exemp-
tion apply equally to you except that 
you may manufacture the engines. Be-
fore we approve an exemption under 
this section, we will generally require 
that you commit to a plan to make up 
the lost environmental benefit. 

(i) If you produce uncertified engines 
under this exemption, we will calculate 
the lost environmental benefit based 
on our best estimate of uncontrolled 
emission rates for your engines. 

(ii) If you produce engines under this 
exemption that are certified to a com-
pliance level less stringent than the 
emission standards that would other-
wise apply, we will calculate the lost 
environmental benefit based on the 
compliance level you select for your 
engines. 

(2) The labeling requirements in 
paragraph (b) of this section apply to 
your exempted engines; however, if you 
certify engines to specific compliance 
levels, state on the label the compli-
ance levels that apply to each engine. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74228, Oct. 25, 2016] 

§ 1068.260 General provisions for sell-
ing or shipping engines that are not 
yet in their certified configuration. 

Except as specified in paragraph (e) 
of this section, all new engines in the 
United States are presumed to be sub-
ject to the prohibitions of § 1068.101, 
which generally require that all new 
engines be in a certified configuration 
before being sold, offered for sale, or 
introduced or delivered into commerce 

in the United States or imported into 
the United States. All emission-related 
components generally need to be in-
stalled on an engine for such an engine 
to be in its certified configuration. 
This section specifies clarifications and 
exemptions related to these require-
ments for engines. Except for para-
graph (c) of this section, the provisions 
of this section generally apply for en-
gine-based standards but not for equip-
ment-based exhaust emission stand-
ards. 

(a) The provisions of this paragraph 
(a) apply for emission-related compo-
nents that cannot practically be as-
sembled before shipment because they 
depend on equipment design param-
eters. 

(1) You do not need an exemption to 
ship an engine that does not include in-
stallation or assembly of certain emis-
sion-related components if those com-
ponents are shipped along with the en-
gine. For example, you may generally 
ship aftertreatment devices along with 
engines rather than installing them on 
the engine before shipment. We may re-
quire you to describe how you plan to 
use this provision. 

(2) You may ask us at the time of 
certification for an exemption to allow 
you to ship your engines without emis-
sion-related components. If we allow 
this, we may specify conditions that we 
determine are needed to ensure that 
shipping the engine without such com-
ponents will not result in the engine 
being operated outside of its certified 
configuration. You must identify 
unshipped parts by specific part num-
bers if they cannot be properly charac-
terized by performance specification. 
For example, electronic control units, 
turbochargers, and EGR coolers must 
generally be identified by part number. 
Parts that we believe can be properly 
characterized by performance speci-
fication include air filters, noncata-
lyzed mufflers, and charge air coolers. 
See paragraph (d) of this section for ad-
ditional provisions that apply in cer-
tain circumstances. 

(b) You do not need an exemption to 
ship engines without specific compo-
nents if they are not emission-related 
components identified in Appendix I of 
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this part. For example, you may gen-
erally ship engines without the fol-
lowing parts: 

(1) Radiators needed to cool the en-
gine. 

(2) Exhaust piping between the en-
gine and an aftertreatment device, be-
tween two aftertreatment devices, or 
downstream of the last aftertreatment 
device. 

(c) If you are a certificate holder, 
partially complete engines/equipment 
shipped between two of your facilities 
are exempt, subject to the provisions of 
this paragraph (c), as long as you main-
tain ownership and control of the en-
gines/equipment until they reach their 
destination. We may also allow this 
where you do not maintain actual own-
ership and control of the engines/equip-
ment (such as hiring a shipping com-
pany to transport the engines) but only 
if you demonstrate that the engines/ 
equipment will be transported only ac-
cording to your specifications. See 
§ 1068.261(b) for the provisions that 
apply instead of this paragraph (c) for 
the special case of integrated manufac-
turers using the delegated-assembly 
exemption. Notify us of your intent to 
use this exemption in your application 
for certification, if applicable. Your ex-
emption is effective when we grant 
your certificate. You may alter-
natively request an exemption in a sep-
arate submission; for example, this 
would be necessary if you will not be 
the certificate holder for the engines in 
question. We may require you to take 
specific steps to ensure that such en-
gines/equipment are in a certified con-
figuration before reaching the ultimate 
purchaser. Note that since this is a 
temporary exemption, it does not allow 
you to sell or otherwise distribute to 
ultimate purchasers an engine/equip-
ment in an uncertified configuration 
with respect to exhaust emissions. 
Note also that the exempted engine/ 
equipment remains new and subject to 
emission standards (see definition of 
‘‘exempted’’ in § 1068.30) until its title 
is transferred to the ultimate pur-
chaser or it otherwise ceases to be new. 

(d) See § 1068.261 for delegated-assem-
bly provisions in which certificate- 
holding manufacturers ship engines 
that are not yet equipped with certain 
emission-related components. See 

§ 1068.262 for provisions related to man-
ufacturers shipping partially complete 
engines for which a secondary engine 
manufacturer holds the certificate of 
conformity. 

(e) Engines used in hobby vehicles 
are not presumed to be engines subject 
to the prohibitions of § 1068.101. Hobby 
vehicles are reduced-scale models of ve-
hicles that are not capable of trans-
porting a person. Some gas turbine en-
gines are subject to the prohibitions of 
§ 1068.101, but we do not presume that 
all gas turbine engines are subject to 
these prohibitions. Other engines that 
do not have a valid certificate of con-
formity or exemption when sold, of-
fered for sale, or introduced or deliv-
ered into commerce in the United 
States or imported into the United 
States are presumed to be engines sub-
ject to the prohibitions of § 1068.101 un-
less we determine that such engines 
are excluded from the prohibitions of 
§ 1068.101. 

(f) While we presume that new non- 
hobby engines are subject to the prohi-
bitions of § 1068.101, we may determine 
that a specific engine is not subject to 
these prohibitions based on informa-
tion you provide or other information 
that is available to us. For example, 
the provisions of this part 1068 and the 
standard-setting parts provide for ex-
emptions in certain circumstances. 
Also, some engines may be subject to 
separate prohibitions under subchapter 
C instead of the prohibitions of 
§ 1068.101. 

[81 FR 74228, Oct. 25, 2016] 

§ 1068.261 Delegated assembly and 
other provisions related to engines 
not yet in the certified configura-
tion. 

This section describes an exemption 
that allows certificate holders to sell 
or ship engines that are missing cer-
tain emission-related components if 
those components will be installed by 
an equipment manufacturer. This sec-
tion does not apply to equipment sub-
ject to equipment-based standards. See 
the standard-setting part to determine 
whether and how the provisions of this 
section apply. (Note: See § 1068.262 for 
provisions related to manufacturers in-
troducing into U.S. commerce partially 
complete engines for which someone 
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else holds the certificate of con-
formity.) This exemption is temporary 
as described in paragraph (f) of this 
section. 

(a) Shipping an engine separately 
from an aftertreatment component 
that you have specified as part of its 
certified configuration will not be a 
violation of the prohibitions in 
§ 1068.101(a)(1) subject to the provisions 
in this section. We may also require 
that you apply some or all of the provi-
sions of this section for other compo-
nents if we determine it is necessary to 
ensure that shipping the engine with-
out such components will not result in 
the engine being operated outside of its 
certified configuration. In making this 
determination, we will consider the im-
portance of the component for control-
ling emissions and the likelihood that 
equipment manufacturers will have an 
incentive to disregard your emission- 
related installation instructions based 
on any relevant factors, such as the 
cost of the component and any real or 
perceived expectation of a negative im-
pact on engine or equipment perform-
ance. 

(b) If you manufacture engines and 
install them in equipment you also 
produce, you must take steps to ensure 
that your facilities, procedures, and 
production records are set up to ensure 
that equipment and engines are assem-
bled in their proper certified configura-
tions. For example, you may dem-
onstrate compliance with the require-
ments of this section by maintaining a 
database showing how you pair 
aftertreatment components with the 
appropriate engines such that the final 
product is in its certified configura-
tion. 

(c) If you include the price of all 
aftertreatment components in the 
price of the engine and ship the 
aftertreatment components directly to 
the equipment manufacturer, or ar-
range for separate shipment by the 
component manufacturer to the equip-
ment manufacturer, all the following 
conditions apply: 

(1) Apply for and receive a certificate 
of conformity for the engine and its 
emission control system before ship-
ment as described in the standard-set-
ting part. For an existing certificate of 
conformity, amend the application for 

certification by describing your plans 
to use the provisions of this section as 
described in paragraph (c)(8) of this 
section. 

(2) Provide installation instructions 
in enough detail to ensure that the en-
gine will be in its certified configura-
tion if someone follows these instruc-
tions. Provide the installation instruc-
tions in a timely manner, generally di-
rectly after you receive an order for 
shipping engines or earlier. If you 
apply removable labels as described in 
paragraph (c)(7)(i) of this section, in-
clude an instruction for the equipment 
manufacturer to remove the label after 
installing the appropriate 
aftertreatment component. 

(3) Have a contractual agreement 
with the equipment manufacturer obli-
gating the equipment manufacturer to 
complete the final assembly of the en-
gine so it is in its certified configura-
tion when final assembly is complete. 
This agreement must also obligate the 
equipment manufacturer to provide the 
affidavits required under paragraph 
(c)(4) of this section. 

(4) Take appropriate additional steps 
to ensure that all engines will be in a 
certified configuration when installed 
by the equipment manufacturer. At a 
minimum, you must obtain annual affi-
davits from every equipment manufac-
turer to which you sell engines under 
this section. Include engines that you 
sell to distributors or dealers. The affi-
davits must list the part numbers of 
the aftertreatment devices that equip-
ment manufacturers install on each en-
gine they purchase from you under this 
section and include confirmation that 
the number of aftertreatment devices 
received were sufficient for the number 
of engines involved. 

(5) [Reserved] 
(6) Keep records to document how 

many engines you produce under this 
exemption. Also, keep records to docu-
ment your contractual agreements 
under paragraph (c)(3) of this section. 
Keep all these records for five years 
after the end of the applicable model 
year and make them available to us 
upon request. 

(7) Make sure the engine has the 
emission control information label we 
require under the standard-setting 
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part. Include additional labeling using 
one of the following approaches: 

(i) Apply an additional removable 
label in a way that makes it unlikely 
that the engine will be installed in 
equipment other than in its certified 
configuration. The label must identify 
the engine as incomplete and include a 
clear statement that failing to install 
the aftertreatment device, or otherwise 
failing to bring the engine into its cer-
tified configuration, is a violation of 
federal law subject to civil penalty. 

(ii) Add the statement ‘‘DELE-
GATED ASSEMBLY’’ to the perma-
nent emission control information 
label. You may alternatively add the 
abbreviated statement ‘‘DEL ASSY’’ if 
there is not enough room on the label. 

(8) Describe the following things in 
your application for certification: 

(i) How you plan to use the provi-
sions of this section. 

(ii) A detailed plan for auditing 
equipment manufacturers, as described 
in paragraph (d)(3) of this section, if 
applicable. 

(iii) All other steps you plan to take 
under paragraph (c)(4) of this section. 

(9) If one of your engines produced 
under this section is selected for pro-
duction-line testing or a selective en-
forcement audit, you must arrange to 
get a randomly selected aftertreatment 
component from either the equipment 
manufacturer or the equipment manu-
facturer’s supplier. You may keep an 
inventory of these randomly selected 
parts, consistent with good engineering 
judgment and the intent of this sec-
tion. You may obtain such 
aftertreatment components from any 
point in the normal distribution from 
the aftertreatment component manu-
facturer to the equipment manufac-
turer. Keep records describing how you 
randomly selected these 
aftertreatment components, consistent 
with the requirements specified in the 
standard-setting part. 

(10) Note that for purposes of impor-
tation, you may itemize your invoice 
to identify separate costs for engines 
and aftertreatment components that 
will be shipped separately. A copy of 
your invoice from the aftertreatment 
manufacturer may be needed to avoid 
payment of importation duties for the 

engine that also include the value of 
aftertreatment components. 

(d) If you do not include the price of 
all aftertreatment components in the 
price of the engine, you must meet all 
the conditions described in paragraphs 
(c)(1) through (9) of this section, with 
the following additional provisions: 

(1) The contractual agreement de-
scribed in paragraph (c)(3) of this sec-
tion must include a commitment that 
the equipment manufacturer will do 
the following things: 

(i) Purchase the aftertreatment com-
ponents you have specified in your ap-
plication for certification and keep 
records to document these purchases. 

(ii) Cooperate with the audits de-
scribed in paragraph (d)(3) of this sec-
tion. 

(2) You must have written confirma-
tion that the equipment manufacturer 
has ordered the appropriate type of 
aftertreatment components for an ini-
tial shipment of engines under this sec-
tion. For the purpose of this paragraph 
(d)(2), initial shipment means the first 
shipment of engines that are subject to 
new or more stringent emissions stand-
ard (or the first shipment of engines 
using the provisions of this section) to 
a given equipment manufacturer for a 
given engine family. For the purpose of 
this paragraph (d)(2), you may treat as 
a single engine family those engine 
families from different model years 
that differ only with respect to model 
year or other characteristics unrelated 
to emissions. You must receive the 
written confirmation within 30 days 
after shipment. If you do not receive 
written confirmation within 30 days, 
you may not ship any more engines 
from that engine family to that equip-
ment manufacturer until you have the 
written confirmation. Note that it may 
be appropriate to obtain subsequent 
written confirmations to ensure com-
pliance with this section, as described 
in paragraph (c)(4) of this section. 

(3) You must perform or arrange for 
audits of equipment manufacturers as 
follows: 

(i) If you sell engines to 16 or more 
equipment manufacturers under the 
provisions of this section, you must an-
nually perform or arrange for audits of 
four equipment manufacturers to 
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whom you sell engines under this sec-
tion. To select individual equipment 
manufacturers, divide all the affected 
equipment manufacturers into quar-
tiles based on the number of engines 
they buy from you; select a single 
equipment manufacturer from each 
quartile each model year. Vary the 
equipment manufacturers selected for 
auditing from year to year, though you 
may repeat an audit in a later model 
year if you find or suspect that a par-
ticular equipment manufacturer is not 
properly installing aftertreatment de-
vices. 

(ii) If you sell engines to fewer than 
16 equipment manufacturers under the 
provisions of this section, set up a plan 
to perform or arrange for audits of 
each equipment manufacturer on aver-
age once every four model years. 

(iii) Starting with the 2019 model 
year, if you sell engines to fewer than 
40 equipment manufacturers under the 
provisions of this section, you may ask 
us to approve a reduced auditing rate. 
We may approve an alternate plan that 
involves audits of each equipment 
manufacturer on average once every 
ten model years as long as you show 
that you have met the auditing re-
quirements in preceding years without 
finding noncompliance or improper 
procedures. 

(iv) To meet these audit require-
ments, you or your agent must at a 
minimum inspect the assembling com-
panies’ procedures and production 
records to monitor their compliance 
with your instructions, investigate 
some assembled engines, and confirm 
that the number of aftertreatment de-
vices shipped were sufficient for the 
number of engines produced. 

(v) You must keep records of these 
audits for five years after the end of 
the applicable model year. 

(e) The following provisions apply if 
you ship engines without air filters or 
other portions of the air intake system 
that are specifically identified by part 
number (or other specific part ref-
erence) in the application for certifi-
cation such that the shipped engine is 
not in its certified configuration. You 
do not need an exemption under this 
section to ship engines without air in-
take system components if you instead 
describe in your installation instruc-

tions how equipment manufacturers 
should use components meeting certain 
functional specifications. 

(1) If you are using the provisions of 
this section to ship an engine without 
aftertreatment, apply all the provi-
sions of this section to ensure that 
each engine, including its intake sys-
tem, is in its certified configuration 
before it reaches the ultimate pur-
chaser. 

(2) If you are not using the provisions 
of this section to ship an engine with-
out aftertreatment, shipping an engine 
without air-intake components that 
you have specified as part of its cer-
tified configuration will not be a viola-
tion of the prohibitions in § 1068.101(a) 
if you follow the provisions specified in 
paragraph (b) or paragraphs (c)(1) 
through (9) of this section. If we find 
there is a problem, we may require you 
to perform audits as specified in para-
graph (d)(3) of this section. 

(f) Once the equipment manufacturer 
takes possession of an engine exempted 
under this section and the engine 
reaches the point of final equipment 
assembly, the exemption expires and 
the engine is subject to all the prohibi-
tions in § 1068.101. Note that the en-
gine’s model year does not change 
based on the date the equipment manu-
facturer adds the aftertreatment de-
vice and/or air filter under this section. 

(g) You may use the provisions of 
this section for engines you sell to a 
distributor as described in this para-
graph (g) using one of the following ap-
proaches: 

(1) You may sell engines through a 
distributor if you comply with the pro-
visions of paragraph (d) of this section 
with respect to the equipment manu-
facturer. 

(2) You may treat the distributor as 
the equipment manufacturer as de-
scribed in this paragraph (g)(2) for all 
applicable requirements and prohibi-
tions. Such distributors must bring en-
gines into their final certified configu-
ration. This may include shipping the 
engine with the appropriate 
aftertreatment device and/or air filter, 
but without completing the assembly 
with all the components. The exemp-
tions expire for such engines when the 
distributor no longer has control of 
them. 
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(h) You must notify us within 15 days 
if you find from an audit or another 
source that engines produced under 
this section are not in a certified con-
figuration at the point of final assem-
bly or that an equipment manufacturer 
has otherwise failed to meet its obliga-
tions under this section. If this occurs, 
send us a report describing the cir-
cumstances related to the noncompli-
ance within 75 days after you notify us. 

(i) We may suspend, revoke, or void 
an exemption under this section, as fol-
lows: 

(1) We may suspend or revoke your 
exemption for a specific equipment 
manufacturer if any of the engines are 
not in a certified configuration after 
installation in that manufacturer’s 
equipment, or if we determine that the 
equipment manufacturer has otherwise 
failed to comply with the requirements 
of this section. We may also suspend or 
revoke your exemption for other en-
gine families with respect to the equip-
ment manufacturer unless you dem-
onstrate that the noncompliance is 
limited to a specific engine family. You 
may not use this exemption for future 
shipments to the affected equipment 
manufacturer without taking action 
beyond the minimum steps specified in 
this section, such as performing on-site 
audits. We will approve further use of 
this exemption only if you convince us 
that you have adequately addressed the 
factors causing the noncompliance. 

(2) We may suspend or revoke your 
exemption for the entire engine family 
if we determine that you have failed to 
comply with the requirements of this 
section. If we make an adverse decision 
with respect to the exemption for any 
of your engine families under this para-
graph (i), this exemption will not apply 
for future certificates unless you con-
vince us that the factors causing the 
noncompliance do not apply to the 
other engine families. We may also set 
additional conditions beyond the provi-
sions specified in this section. 

(3) We may void your exemption for 
the entire engine family if you inten-
tionally submit false or incomplete in-
formation or fail to keep and provide 
to EPA the records required by this 
section. Note that all records and re-
ports required under this section 
(whether generated by the engine man-

ufacturer, equipment manufacturer, or 
others) are subject to the prohibition 
in § 1068.101(a)(2), which prohibits the 
submission of false or incomplete infor-
mation. For example, the affidavits re-
quired by this section are considered a 
submission. 

(j) You are liable for the in-use com-
pliance of any engine that is exempt 
under this section. 

(k) It is a violation of § 1068.101(a)(1) 
for any person to introduce into U.S. 
commerce a previously exempted en-
gine, including as part of a piece of 
equipment, without complying fully 
with the installation instructions. 

[73 FR 59344, Oct. 8, 2008, as amended at 75 FR 
23064, Apr. 30, 2010; 81 FR 74229, Oct. 25, 2016] 

§ 1068.262 Shipment of engines to sec-
ondary engine manufacturers. 

This section specifies how manufac-
turers may introduce into U.S. com-
merce partially complete engines that 
have an exemption or a certificate of 
conformity held by a secondary engine 
manufacturer and are not yet in a cer-
tified configuration. See the standard- 
setting part to determine whether and 
how the provisions of this section 
apply. (Note: See § 1068.261 for provi-
sions related to manufacturers intro-
ducing into U.S. commerce partially 
complete engines for which they hold 
the certificate of conformity.) This ex-
emption is temporary as described in 
paragraph (g) of this section. 

(a) The provisions of this section gen-
erally apply where the secondary en-
gine manufacturer has substantial con-
trol over the design and assembly of 
emission controls. In unusual cir-
cumstances we may allow other sec-
ondary engine manufacturers to use 
these provisions. In determining 
whether a manufacturer has substan-
tial control over the design and assem-
bly of emission controls, we would con-
sider the degree to which the secondary 
engine manufacturer would be able to 
ensure that the engine will conform to 
the regulations in its final configura-
tion. Such secondary engine manufac-
turers may finish assembly of partially 
complete engines in the following 
cases: 

(1) You obtain an engine that is not 
fully assembled with the intent to 
manufacture a complete engine. 
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(2) You obtain an engine with the in-
tent to modify it before it reaches the 
ultimate purchaser. 

(3) You obtain an engine with the in-
tent to install it in equipment that will 
be subject to equipment-based stand-
ards. 

(b) Manufacturers may introduce 
into U.S. commerce partially complete 
engines as described in this section if 
they have a written request for such 
engines from a secondary engine manu-
facturer that has certified the engine 
and will finish the engine assembly. 
The written request must include a 
statement that the secondary engine 
manufacturer has a certificate of con-
formity for the engine and identify a 
valid engine family name associated 
with each engine model ordered (or the 
basis for an exemption if applicable, as 
specified in paragraph (e) of this sec-
tion). The original engine manufac-
turer must apply a removable label 
meeting the requirements of § 1068.45 
that identifies the corporate name of 
the original manufacturer and states 
that the engine is exempt under the 
provisions of § 1068.262. The name of the 
certifying manufacturer must also be 
on the label or, alternatively, on the 
bill of lading that accompanies the en-
gines during shipment. The original en-
gine manufacturer may not apply a 
permanent emission control informa-
tion label identifying the engine’s 
eventual status as a certified engine. 

(c) If you are the secondary engine 
manufacturer and you will hold the 
certificate, you must include the fol-
lowing information in your application 
for certification: 

(1) Identify the original engine manu-
facturer of the partially complete en-
gine or of the complete engine you will 
modify. 

(2) Describe briefly how and where 
final assembly will be completed. 
Specify how you have the ability to en-
sure that the engines will conform to 
the regulations in their final configura-
tion. (Note: Paragraph (a) of this sec-
tion prohibits using the provisions of 
this section unless you have substan-
tial control over the design and assem-
bly of emission controls.) 

(3) State unconditionally that you 
will not distribute the engines without 

conforming to all applicable regula-
tions. 

(d) If you are a secondary engine 
manufacturer and you are already a 
certificate holder for other families, 
you may receive shipment of partially 
complete engines after you apply for a 
certificate of conformity but before the 
certificate’s effective date. In this case, 
all the provisions of § 1068.103(c)(1) 
through (3) apply. This exemption al-
lows the original manufacturer to ship 
engines after you have applied for a 
certificate of conformity. Manufactur-
ers may introduce into U.S. commerce 
partially complete engines as described 
in this paragraph (d) if they have a 
written request for such engines from a 
secondary engine manufacturer stating 
that the application for certification 
has been submitted (instead of the in-
formation we specify in paragraph (b) 
of this section). We may set additional 
conditions under this paragraph (d) to 
prevent circumvention of regulatory 
requirements. Consistent with 
§ 1068.103(c), we may also revoke an ex-
emption under this paragraph (d) if we 
have reason to believe that the applica-
tion for certification will not be ap-
proved or that the engines will other-
wise not reach a certified configuration 
before reaching the ultimate pur-
chaser. This may require that you ex-
port the engines. 

(e) The provisions of this section also 
apply for shipping partially complete 
engines if the engine is covered by a 
valid exemption and there is no valid 
engine family name that could be used 
to represent the engine model. Unless 
we approve otherwise in advance, you 
may do this only when shipping en-
gines to secondary engine manufactur-
ers that are certificate holders. In this 
case, the secondary engine manufac-
turer must identify the regulatory cite 
identifying the applicable exemption 
instead of a valid engine family name 
when ordering engines from the origi-
nal engine manufacturer. 

(f) If secondary engine manufacturers 
determine after receiving an engine 
under this section that the engine will 
not be covered by a certificate or ex-
emption as planned, they may ask us 
to allow for shipment of the engines 
back to the original engine manufac-
turer or to another secondary engine 
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manufacturer. This might occur in the 
case of an incorrect shipment or excess 
inventory. We may modify the provi-
sions of this section as appropriate to 
address these cases. 

(g) Both original and secondary en-
gine manufacturers must keep the 
records described in this section for at 
least five years, including the written 
request for engines and the bill of lad-
ing for each shipment (if applicable). 
The written request is deemed to be a 
submission to EPA and is thus subject 
to the reporting requirements of 
§ 1068.101(a)(2). 

(h) These provisions are intended 
only to allow secondary engine manu-
facturers to obtain or transport en-
gines in the specific circumstances 
identified in this section so any exemp-
tion under this section expires when 
the engine reaches the point of final as-
sembly identified in paragraph (c)(2) of 
this section. 

(i) For purposes of this section, an al-
lowance to introduce partially com-
plete engines into U.S. commerce in-
cludes a conditional allowance to sell, 
introduce, or deliver such engines into 
commerce in the United States or im-
port them into the United States. It 
does not include a general allowance to 
offer such partially complete engines 
for sale because this exemption is in-
tended to apply only for cases in which 
the certificate holder already has an 
arrangement to purchase the engines 
from the original engine manufacturer. 
This exemption does not allow the 
original engine manufacturer to subse-
quently offer the engines for sale to a 
different manufacturer who will hold 
the certificate unless that second man-
ufacturer has also complied with the 
requirements of this part. The exemp-
tion does not apply for any individual 
engines that are not labeled as speci-
fied in this section or which are 
shipped to someone who is not a cer-
tificate holder. 

(j) We may suspend, revoke, or void 
an exemption under this section, as fol-
lows: 

(1) We may suspend or revoke your 
exemption if you fail to meet the re-
quirements of this section. We may 
suspend or revoke an exemption re-
lated to a specific secondary engine 
manufacturer if that manufacturer 

sells engines that are in not in a cer-
tified configuration in violation of the 
regulations. We may disallow this ex-
emption for future shipments to the af-
fected secondary engine manufacturer 
or set additional conditions to ensure 
that engines will be assembled in the 
certified configuration. 

(2) We may void an exemption for all 
the affected engines if you inten-
tionally submit false or incomplete in-
formation or fail to keep and provide 
to EPA the records required by this 
section. 

(3) The exemption is void for an en-
gine that is shipped to a company that 
is not a certificate holder or for an en-
gine that is shipped to a secondary en-
gine manufacturer that is not in com-
pliance with the requirements of this 
section. 

(4) The secondary engine manufac-
turer may be liable for causing a pro-
hibited act if voiding the exemption is 
due to its own actions. 

(k) No exemption is needed to import 
equipment that does not include an en-
gine. No exemption from exhaust emis-
sion standards is available under this 
section for equipment subject to equip-
ment-based standards if the engine has 
been installed. 

[81 FR 74229, Oct. 25, 2016] 

§ 1068.265 Provisions for engines/ 
equipment conditionally exempted 
from certification. 

In some cases, exempted engines may 
need to meet alternate emission stand-
ards as a condition of the exemption. 
For example, replacement engines ex-
empted under § 1068.240 in many cases 
need to meet the same standards as the 
engines they are replacing. The stand-
ard-setting part may similarly exempt 
engines/equipment from all certifi-
cation requirements, or allow us to ex-
empt engines/equipment from all cer-
tification requirements for certain 
cases, but require the engines/equip-
ment to meet alternate standards. In 
these cases, all the following provisions 
apply: 

(a) Your engines/equipment must 
meet the alternate standards we speci-
fy in (or pursuant to) the exemption 
section, and all other requirements ap-
plicable to engines/equipment that are 
subject to such standards. 
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(b) You need not apply for and re-
ceive a certificate for the exempt en-
gines/equipment. However, you must 
comply with all the requirements and 
obligations that would apply to the en-
gines/equipment if you had received a 
certificate of conformity for them un-
less we specifically waive certain re-
quirements. 

(c) You must have emission data 
from test engines/equipment using the 
appropriate procedures that dem-
onstrate compliance with the alternate 
standards unless the engines/equipment 
are identical in all material respects to 
engines/equipment that you have pre-
viously certified to standards that are 
the same as, or more stringent than, 
the alternate standards. Note that 
‘‘engines/equipment that you have pre-
viously certified’’ does not include any 
engines/equipment initially covered by 
a certificate that was later voided or 
otherwise invalidated, or engines/ 
equipment that we have determined did 
not fully conform to the regulations. 

(d) See the provisions of the applica-
ble exemption for labeling instruc-
tions, including those related to the 
compliance statement and other modi-
fications to the label otherwise re-
quired in the standard-setting part. If 
we do not identify specific labeling re-
quirements for an exempted engine, 
you must meet the labeling require-
ments in the standard-setting part, 
with the following exceptions: 

(1) Modify the family designation by 
eliminating the character that identi-
fies the model year. 

(2) We may also specify alternative 
language to replace the compliance 
statement otherwise required in the 
standard-setting part. 

(e) You may not generate emission 
credits for averaging, banking, or trad-
ing with engines/equipment meeting 
requirements under the provisions of 
this section. 

(f) Keep records to show that you 
meet the alternate standards as fol-
lows: 

(1) If your exempted engines/equip-
ment are identical to previously cer-
tified engines/equipment, keep your 
most recent application for certifi-
cation for the certified family. 

(2) If you previously certified a simi-
lar family, but have modified the ex-

empted engines/equipment in a way 
that changes them from their pre-
viously certified configuration, keep 
your most recent application for cer-
tification for the certified family, a de-
scription of the relevant changes, and 
any test data or engineering evalua-
tions that support your conclusions. 

(3) If you have not previously cer-
tified a similar family, keep all the 
records we specify for the application 
for certification and any additional 
records the standard-setting part re-
quires you to keep. 

(g) We may require you to send us an 
annual report of the engines/equipment 
you produce under this section. 

Subpart D—Imports 
§ 1068.301 General provisions for im-

porting engines/equipment. 
(a) This subpart applies to you if you 

import into the United States engines 
or equipment subject to EPA emission 
standards or equipment containing en-
gines subject to EPA emission stand-
ards. 

(b) In general, engines/equipment 
that you import must be covered by a 
certificate of conformity unless they 
were built before emission standards 
started to apply. This subpart describes 
the limited cases where we allow im-
portation of exempt or excluded en-
gines/equipment. If an engine has an 
exemption from exhaust emission 
standards, this allows you to import 
the equipment under the same exemp-
tion. 

(c) U.S. Customs and Border Protec-
tion may prevent you from importing 
engines or equipment if you do not 
meet the requirements of this subpart. 
In addition, U.S. Customs and Border 
Protection regulations may contain 
other requirements for engines/equip-
ment imported into the United States 
(see 19 CFR Chapter I). 

(d) Complete the appropriate EPA 
declaration before importing any en-
gines or equipment. These forms may 
be submitted and stored electronically 
and are available on the Internet at 
http://www.epa.gov/OTAQ/imports/ or by 
phone at 734–214–4100. Importers must 
keep these records for five years and 
make them available promptly upon 
request. 
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(e) The standard-setting part may de-
fine uncertified engines/equipment to 
be ‘‘new’’ upon importation, whether or 
not they have already been placed into 
service. This may affect how the provi-
sions of this subpart apply for your en-
gines/equipment. (See the definition of 
‘‘new’’ and other relevant terms in the 
standard-setting part.) 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74231, Oct. 25, 2016] 

§ 1068.305 How do I get an exemption 
or exclusion for imported engines/ 
equipment? 

(a) You must meet the requirements 
of the specific exemption or exclusion 
you intend to use, including any label-
ing requirements that apply, and com-
plete the appropriate declaration form 
described in § 1068.301(d). 

(b) If we ask for it, prepare a written 
request in which you do the following: 

(1) Give your name, address, and tele-
phone number. 

(2) Give the engine/equipment own-
er’s name, address, and telephone num-
ber. 

(3) Identify the make, model, identi-
fication number, and original produc-
tion year of all engines/equipment. 

(4) Identify which exemption or ex-
clusion in this subpart allows you to 
import nonconforming engines/equip-
ment and describe how your engine/ 
equipment qualifies. 

(5) Tell us where you will keep your 
engines/equipment if you might need to 
store them until we approve your re-
quest. 

(6) Authorize us to inspect or test 
your engines/equipment as the Clean 
Air Act allows. 

(c) We may ask for more information. 
(d) You may import the noncon-

forming engines/equipment you iden-
tify in your request if you get prior 
written approval from us. U.S. Customs 
and Border Protection may require you 
to present the approval letter. We may 
temporarily or permanently approve 
the exemptions or exclusions, as de-
scribed in this subpart. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74231, Oct. 25, 2016] 

§ 1068.310 Exclusions for imported en-
gines/equipment. 

If you show us that your engines/ 
equipment qualify under one of the 
paragraphs of this section, we will ap-
prove your request to import such ex-
cluded engines/equipment. You must 
have our approval before importing en-
gines/equipment under paragraph (a) of 
this section. You may, but are not re-
quired to request our approval to im-
port the engines/equipment under para-
graph (b) through (c) of this section. 
The following engines/equipment are 
excluded: 

(a) Nonroad engines/equipment used 
solely for competition. Nonroad engines/ 
equipment that you demonstrate will 
be used solely for competition are ex-
cluded from the restrictions on imports 
in § 1068.301(b), but only if they are 
properly labeled. See the standard-set-
ting part for provisions related to this 
demonstration that may apply. Section 
1068.101(b)(4) prohibits anyone from 
using these excluded engines/equip-
ment for purposes other than competi-
tion. We may waive the labeling re-
quirement or allow a removable label 
for engines/equipment that are being 
temporarily imported for one or more 
specific competition events. 

(b) Stationary engines. The definition 
of nonroad engine in § 1068.30 does not 
include certain engines used in sta-
tionary applications. Such engines (and 
equipment containing such engines) 
may be subject to the standards of 40 
CFR part 60. Engines that are excluded 
from the definition of nonroad engine 
in this part and are not required to be 
certified to standards under 40 CFR 
part 60 are not subject to the restric-
tions on imports in § 1068.301(b), but 
only if they are properly labeled and 
there is clear and convincing evidence 
that each engine will be used in a sta-
tionary application (see paragraph 
(2)(iii) of the definition of ‘‘Nonroad en-
gine’’). Section 1068.101 restricts the 
use of stationary engines for non-sta-
tionary purposes unless they are cer-
tified under 40 CFR part 60 to the same 
standards that would apply to nonroad 
engines for the same model year. 

(c) Hobby engines. The standard-set-
ting parts exclude engines used in re-
duced-scale models of vehicles that are 
not capable of transporting a person. 
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(d) Other engines/equipment. The 
standard-setting parts may exclude en-
gines/equipment used in certain appli-
cations. For example, engines used in 
aircraft are generally excluded. En-
gines/equipment used in underground 
mining are excluded if they are regu-
lated by the Mine Safety and Health 
Administration. 

(e) Labeling. For engines/equipment 
imported under paragraph (a) or (b) of 
this section, you must add a permanent 
label, consistent with § 1068.45, with at 
least the following items unless the 
standard-setting part includes other 
specific labeling requirements or we 
approve alternate label language that 
is more accurate for your engine/equip-
ment: 

(1) Include the heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(2) Include your full corporate name 
and trademark. 

(3) State the engine displacement (in 
liters or cubic centimeters). We may 
also require that you include maximum 
engine power. If the engine’s power is 
not established, state the approximate 
power. 

(4) State: ‘‘THIS ENGINE IS EX-
EMPT FROM THE REQUIREMENTS 
OF [identify the part referenced in 
§ 1068.1(a) that would otherwise apply], 
AS PROVIDED IN [identify the para-
graph authorizing the exemption (for 
example, ‘‘40 CFR 1068.315(a)’’)]. IN-
STALLING THIS ENGINE IN ANY 
DIFFERENT APPLICATION MAY BE 
A VIOLATION OF FEDERAL LAW 
SUBJECT TO CIVIL PENALTY.’’ 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74231, Oct. 25, 2016] 

§ 1068.315 Permanent exemptions for 
imported engines/equipment. 

We may approve a permanent exemp-
tion from the restrictions on imports 
under § 1068.301(b) under the following 
conditions: 

(a) National security exemption. You 
may import an engine or piece of 
equipment under the national security 
exemption in § 1068.225, but only if it is 
properly labeled. 

(b) Manufacturer-owned engine/equip-
ment exemption. You may import manu-
facturer-owned engines/equipment, as 
described in § 1068.215. 

(c) Replacement engine exemption. You 
may import a nonconforming replace-
ment engine as described in § 1068.240. 
To use this exemption, you must be a 
certificate holder for a family we regu-
late under the same part as the re-
placement engine. 

(d) Extraordinary circumstances exemp-
tion. You may import a nonconforming 
engine or piece of equipment if we 
grant hardship relief as described in 
§ 1068.245. 

(e) Small-volume manufacturer exemp-
tion. You may import a nonconforming 
engine or piece of equipment if we 
grant hardship relief for a small-vol-
ume manufacturer, as described in 
§ 1068.250. 

(f) Equipment-manufacturer hardship 
exemption. You may import a noncon-
forming engine if we grant an exemp-
tion for the transition to new or re-
vised emission standards, as described 
in § 1068.255. 

(g) [Reserved] 
(h) Identical configuration exemption. 

Unless specified otherwise in the stand-
ard-setting part, you may import non-
conforming engines/equipment if they 
are identical to certified engines/equip-
ment produced by the same manufac-
turer, subject to the following provi-
sions: 

(1) You must meet all the following 
criteria: 

(i) You have owned the engines/equip-
ment for at least six months. 

(ii) You agree not to sell, lease, do-
nate, trade, or otherwise transfer own-
ership of the engines/equipment for at 
least five years. During this period, the 
only acceptable way to dispose of the 
engines/equipment is to destroy or ex-
port them. 

(iii) You use data or evidence suffi-
cient to show that the engines/equip-
ment are in a configuration that is 
identical to engines/equipment the 
original manufacturer has certified to 
meet emission standards that apply at 
the time the manufacturer finished as-
sembling or modifying the engines/ 
equipment in question. If you modify 
the engines/equipment to make them 
identical, you must completely follow 
the original manufacturer’s written in-
structions. 

(2) We will tell you in writing if we 
find the information insufficient to 
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show that the engines/equipment are 
eligible for this exemption. In this 
case, we will not consider your request 
further until you address our concerns. 

(i) Ancient engine/equipment exemption. 
If you are not the original engine/ 
equipment manufacturer, you may im-
port nonconforming engines/equipment 
that are subject to a standard-setting 
part and were first manufactured at 
least 21 years earlier, as long as they 
are still substantially in their original 
configurations. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74231, Oct. 25, 2016] 

§ 1068.325 Temporary exemptions for 
imported engines/equipment. 

You may import engines/equipment 
under certain temporary exemptions, 
subject to the conditions in this sec-
tion. We may ask U.S. Customs and 
Border Protection to require a specific 
bond amount to make sure you comply 
with the requirements of this subpart. 
You may not sell or lease one of these 
engines/equipment while it is in the 
United States except as specified in 
this section or § 1068.201(i). You must 
eventually export the engine/equip-
ment as we describe in this section un-
less it conforms to a certificate of con-
formity or it qualifies for one of the 
permanent exemptions in § 1068.315 or 
the standard-setting part. 

(a) Exemption for repairs or alterations. 
You may temporarily import noncon-
forming engines/equipment under bond 
solely for repair or alteration, subject 
to our advance approval as described in 
paragraph (j) of this section. You may 
operate the engine/equipment in the 
United States only as necessary to re-
pair it, alter it, or ship it to or from 
the service location. Export the engine/ 
equipment directly after servicing is 
complete, or confirm that it has been 
destroyed. 

(b) Testing exemption. You may tem-
porarily import nonconforming en-
gines/equipment under bond for testing 
if you follow the requirements of 
§ 1068.210, subject to our advance ap-
proval as described in paragraph (j) of 
this section. You may operate the en-
gines/equipment in the United States 
only as needed to perform tests. This 
exemption expires one year after you 
import the engine/equipment unless we 

approve an extension. The engine/ 
equipment must be exported before the 
exemption expires. You may sell or 
lease the engines/equipment consistent 
with the provisions of § 1068.210. 

(c) Display exemption. You may tem-
porarily import nonconforming en-
gines/equipment under bond for display 
if you follow the requirements of 
§ 1068.220, subject to our advance ap-
proval as described in paragraph (j) of 
this section. This exemption expires 
one year after you import the engine/ 
equipment, unless we approve your re-
quest for an extension. The engine/ 
equipment must be exported (or de-
stroyed) by the time the exemption ex-
pires or directly after the display con-
cludes, whichever comes first. 

(d) Export exemption. You may tempo-
rarily import nonconforming engines/ 
equipment to export them, as described 
in § 1068.230. Label the engine/equip-
ment as described in § 1068.230. You 
may sell or lease the engines/equip-
ment for operation outside the United 
States consistent with the provisions 
of § 1068.230. 

(e) Diplomatic or military exemption. 
You may temporarily import noncon-
forming engines/equipment without 
bond if you represent a foreign govern-
ment in a diplomatic or military ca-
pacity. In your request to the Des-
ignated Compliance Officer (see 
§ 1068.305), include either written con-
firmation from the U.S. State Depart-
ment that you qualify for this exemp-
tion or a copy of your orders for mili-
tary duty in the United States. We will 
rely on the State Department or your 
military orders to determine when 
your diplomatic or military status ex-
pires, at which time you must export 
your exempt engines/equipment. 

(f) Delegated-assembly exemption. You 
may import a nonconforming engine 
for final assembly under the provisions 
of § 1068.261. You may sell or lease the 
engines/equipment consistent with the 
provisions of § 1068.261. 

(g) Exemption for partially complete en-
gines. You may import an engine if an-
other company already has a certifi-
cate of conformity and will be modi-
fying the engine to be in its final cer-
tified configuration or a final exempt 
configuration under the provisions of 
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§ 1068.262. You may also import a par-
tially complete engine by shipping it 
from one of your facilities to another 
under the provisions of § 1068.260(c). If 
you are importing a used engine that 
becomes new as a result of importa-
tion, you must meet all the require-
ments that apply to original engine 
manufacturers under § 1068.262. You 
may sell or lease the engines con-
sistent with the provisions of § 1068.262. 

(h)–(i) [Reserved] 
(j) Approvals. For the exemptions in 

this section requiring our approval, 
you must send a request to the Des-
ignated Compliance Officer before im-
porting the engines/equipment. We will 
approve your request if you meet all 
the applicable requirements and condi-
tions. If another section separately re-
quires that you request approval for 
the exemption, you may combine the 
information requirements in a single 
request. Include the following informa-
tion in your request: 

(1) Identify the importer of the en-
gine/equipment and the applicable 
postal address, e-mail address, and 
telephone number. 

(2) Identify the engine/equipment 
owner and the applicable postal ad-
dress, e-mail address, and telephone 
number. 

(3) Identify the engine/equipment by 
model number (or name), serial num-
ber, and original production year. 

(4) Identify the specific regulatory 
provision under which you are seeking 
an exemption. 

(5) Acknowledge that EPA enforce-
ment officers may conduct inspections 
or testing as allowed under the Clean 
Air Act. 

(6) Include any additional informa-
tion we specify for demonstrating that 
you qualify for the exemption. 

[76 FR 57489, Sept. 15, 2011; 81 FR 74231, Oct. 
25, 2016] 

§ 1068.335 Penalties for violations. 
(a) All imported engines/equipment. Un-

less you comply with the provisions of 
this subpart, importation of noncon-
forming engines/equipment violates 
sections 203 and 213(d) of the Clean Air 
Act (42 U.S.C. 7522 and 7547(d)). You 
may then have to export the engines/ 
equipment, pay civil penalties, or both. 
U.S. Customs and Border Protection 

may seize unlawfully imported engines 
and equipment. 

(b) Temporarily imported engines/equip-
ment. If you do not comply with the 
provisions of this subpart for a tem-
porary exemption under § 1068.325, you 
may forfeit the total amount of the 
bond in addition to the sanctions we 
identify in paragraph (a) of this sec-
tion. We will consider an engine or 
piece of equipment to be exported if it 
has been destroyed or delivered to U.S. 
Customs and Border Protection for ex-
port or other disposition under applica-
ble Customs laws and regulations. EPA 
or U.S. Customs and Border Protection 
may offer you a grace period to allow 
you to export temporarily exempted 
engines/equipment without penalty 
after the exemption expires. 

§ 1068.360 Restrictions for assigning a 
model year to imported engines and 
equipment. 

This section includes limitations on 
assigning a model year to engines and 
equipment that are imported in a year 
later than the model year in which 
they were manufactured, except as 
specified in paragraph (e) of this sec-
tion. 

(a) The term ‘‘model year’’ is defined 
in each of the standard-setting parts. 
These definitions may vary slightly to 
address the different categories of en-
gines and equipment. Except as speci-
fied in paragraphs (b) and (c) of this 
section, the emission standards and 
other emission-related requirements 
that apply for an imported engine or 
piece of equipment are determined by 
the model year as defined in the appli-
cable standard-setting part and the 
provisions of 40 CFR 1068.105(a). 

(b) This paragraph (b) applies for the 
importation of engines and equipment 
that have not been placed into service, 
where the importation occurs in any 
calendar year that is more than one 
year after the named model year of the 
engine or equipment when emission 
control requirements applying to cur-
rent engines are different than for en-
gines or equipment in the named model 
year, unless they are imported under 
special provisions for Independent 
Commercial Importers as allowed 
under the standard-setting part. Re-
gardless of what other provisions of 
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this subchapter U specify for the model 
year of the engine or equipment, such 
engines and equipment are deemed to 
have an applicable model year no more 
than one year earlier than the calendar 
year in which they are imported. For 
example, a new engine identified as a 
2007 model-year product that is im-
ported on January 31, 2010 will be treat-
ed as a 2009 model-year engine; the 
same engine will be treated as a 2010 
model-year engine if it is imported any 
time in calendar year 2011. 

(c) If you claim that an engine or 
piece of equipment is not subject to 
standards—or is subject to standards 
less stringent than those currently in 
place—based on its original manufac-
ture date because it has already been 
placed into service, you must provide 
clear and convincing evidence that it 
has already been placed into service. 
Such evidence must generally include, 
but not be limited to, documentary evi-
dence of purchase and maintenance his-
tory and visible wear that is consistent 
with the reported manufacture date. 
Importing products for resale or im-
porting more than one engine or piece 
of equipment at a time would generally 
require a greater degree of evidence 
under this paragraph (c). If you do not 
satisfactorily demonstrate that the en-
gine or equipment has already been 
placed into service, the provisions of 
paragraph (b) of this section apply. 

(d) Nothing in this section should be 
interpreted to allow circumvention of 
the requirements of this part by mis- 
stating or mis-labeling the model year 
of engines or equipment. For example, 
this section does not permit engines 
imported in the same year that they 
are manufactured to be treated as an 
engine manufactured in the previous 
year. To verify compliance with the 
provisions of this section, we may re-
quire you to verify the original manu-
facture date of the engine or equipment 
based on manufacturing records, title- 
transfer documents, service records, or 
other documentation. 

(e) If all the current emission control 
requirements are the same as in the 
named model year, the provisions of 
this section do not apply. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74232, Oct. 25, 2016] 

Subpart E—Selective Enforcement 
Auditing 

§ 1068.401 What is a selective enforce-
ment audit? 

(a) We may conduct or require you as 
a certificate holder to conduct emis-
sion tests on production engines/equip-
ment in a selective enforcement audit. 
This requirement is independent of any 
requirement for you to routinely test 
production-line engines/equipment. 
Where there are multiple entities 
meeting the definition of manufac-
turer, we may require manufacturers 
other than the certificate holder to 
conduct or participate in the audit as 
necessary. For products subject to 
equipment-based standards, but tested 
using engine-based test procedures, 
this subpart applies to the engines and/ 
or the equipment, as applicable. Other-
wise this subpart applies to engines for 
products subject to engine-based stand-
ards and to equipment for products 
subject to equipment-based standards. 

(b) If we send you a signed test order, 
you must follow its directions and the 
provisions of this subpart. We may tell 
you where to test the engines/equip-
ment. This may be where you produce 
the engines/equipment or any other 
emission testing facility. You are re-
sponsible for all testing costs whether 
the testing is conducted at your facil-
ity or another facility. 

(c) If we select one or more of your 
families for a selective enforcement 
audit, we will send the test order to the 
person who signed the application for 
certification or we will deliver it in 
person. 

(d) If we do not select a testing facil-
ity, notify the Designated Compliance 
Officer within one working day of re-
ceiving the test order where you will 
test your engines/equipment. 

(e) You must do everything we re-
quire in the audit without delay. We 
may suspend or revoke your certificate 
of conformity for the affected engine 
families if you do not fulfill your obli-
gations under this subpart. 

[81 FR 74232, Oct. 25, 2016] 

§ 1068.405 What is in a test order? 
(a) In the test order, we will specify 

the following things: 
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(1) The family we have identified for 
testing. We may also specify individual 
configurations. 

(2) The engine/equipment assembly 
plant, storage facility, or (if you im-
port the engines/equipment) port facil-
ity from which you must select en-
gines/equipment. 

(3) The procedure for selecting en-
gines/equipment for testing, including 
a selection rate. 

(4) The test procedures, duty cycles, 
and test points, as appropriate, for 
testing the engines/equipment to show 
that they meet emission standards. 

(b) We may state that we will select 
the test engines/equipment. 

(c) We may identify alternate fami-
lies or configurations for testing in 
case we determine the intended en-
gines/equipment are not available for 
testing or if you do not produce enough 
engines/equipment to meet the min-
imum rate for selecting test engines/ 
equipment. 

(d) We may include other directions 
or information in the test order. 

(e) We may ask you to show us that 
you meet any additional requirements 
that apply to your engines/equipment 
(closed crankcases, for example). 

(f) In anticipation of a potential 
audit, you may give us a list of your 
preferred families and the cor-
responding assembly plants, storage fa-
cilities, or (if you import the engines/ 
equipment) port facilities from which 
we should select engines/equipment for 
testing. The information would apply 
only for a single model year so it would 
be best to include this information in 
your application for certification. If 
you give us this list before we issue a 
test order, we will consider your rec-
ommendations, but we may select dif-
ferent engines/equipment. 

(g) If you also do routine production- 
line testing with the selected family in 
the same time period, the test order 
will tell you what changes you might 
need to make in your production-line 
testing schedule. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74132, Oct. 25, 2016] 

§ 1068.410 How must I select and pre-
pare my engines/equipment? 

(a) Selecting engines/equipment. Select 
engines/equipment as described in the 

test order. If you are unable to select 
test engines/equipment this way, you 
may ask us to approve an alternate 
plan as long as you make the request 
before you start selecting engines/ 
equipment. 

(b) Assembling engines/equipment. 
Produce and assemble test engines/ 
equipment using your normal produc-
tion and assembly process for that fam-
ily. 

(1) Notify us directly if you make any 
change in your production, assembly, 
or quality control processes that might 
affect emissions between the time you 
receive the test order and the time you 
finish selecting test engines/equip-
ment. 

(2) If you do not fully assemble en-
gines/equipment at the specified loca-
tion, we will describe in the test order 
how to select components to finish as-
sembling the engines/equipment. As-
semble these components onto the test 
engines/equipment using your docu-
mented assembly and quality control 
procedures. 

(c) Modifying engines/equipment. Once 
an engine or piece of equipment is se-
lected for testing, you may adjust, re-
pair, prepare, or modify it or check its 
emissions only if one of the following is 
true: 

(1) You document the need for doing 
so in your procedures for assembling 
and inspecting all your production en-
gines/equipment and make the action 
routine for all the engines/equipment 
in the family. 

(2) This subpart otherwise allows 
your action. 

(3) We approve your action in ad-
vance. 

(d) Engine/equipment malfunction. If an 
engine/equipment malfunction pre-
vents further emission testing, ask us 
to approve your decision to either re-
pair the engine or delete it from the 
test sequence. 

(e) Setting adjustable parameters. Be-
fore any test, we may adjust or require 
you to adjust any adjustable parameter 
to any setting within its physically ad-
justable range. 

(1) [Reserved] 
(2) We may make or specify adjust-

ments within the physically adjustable 
range by considering their effect on 
emission levels. We may also consider 
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how likely it is that someone will 
make such an adjustment with in-use 
engines/equipment. 

(f) Stabilizing emission levels. (1) Before 
you test production-line engines/equip-
ment for exhaust emission, you may 
operate the engine/equipment to sta-
bilize the exhaust emission levels. 
Using good engineering judgment, op-
erate your engines/equipment in a way 
that represents the way production en-
gines/equipment will be used. You may 
operate each engine or piece of equip-
ment for no more than the greater of 
two periods: 

(i) 50 hours. 
(ii) The number of hours you oper-

ated your emission-data engine/equip-
ment for certifying the family (see 40 
CFR part 1065, subpart E). 

(2) Use good engineering judgment 
and follow the standard-setting part to 
stabilize equipment for evaporative 
emissions, where appropriate. 

(g) Damage during shipment. If ship-
ping the engine/equipment to a remote 
facility for testing under a selective 
enforcement audit makes necessary an 
adjustment or repair, you must wait 
until after the initial emission test to 
do this work. We may waive this re-
quirement if the test would be impos-
sible or unsafe or if it would perma-
nently damage the engine/equipment. 
Report to us, in your written report 
under § 1068.450, all adjustments or re-
pairs you make on test engines/equip-
ment before each test. 

(h) Shipping engines/equipment. If you 
need to ship engines/equipment to an-
other facility for testing, make sure 
the test engines/equipment arrive at 
the test facility within 24 hours after 
being selected. You may ask that we 
allow more time if you are unable to do 
this. 

(i) Retesting after invalid tests. You 
may retest an engine or piece of equip-
ment if you determine an emission test 
is invalid under the standard-setting 
part. Explain in your written report 
reasons for invalidating any test and 
the emission results from all tests. If 
you retest an engine or piece of equip-
ment and, within ten days after test-
ing, ask to substitute results of the 
new tests for the original ones, we will 
answer within ten days after we receive 
your information. 

(j) Retesting after reaching a fail deci-
sion. You may retest your engines/ 
equipment once a fail decision for the 
audit has been reached based on the 
first test on each engine or piece of 
equipment under § 1068.420(c). You may 
test each engine or piece of equipment 
up to a total of three times, but you 
must perform the same number of tests 
on each engine or piece of equipment. 
You may further operate the engine/ 
equipment to stabilize emission levels 
before testing, subject to the provi-
sions of paragraph (f) of this section. 
We may approve retesting at other 
times if you send us a request with sat-
isfactory justification. 

[73 FR 59344, Oct. 8, 2008, as amended at 75 FR 
23064, Apr. 30, 2010] 

§ 1068.415 How do I test my engines/ 
equipment? 

(a) Use the test procedures specified 
in the standard-setting part for show-
ing that your engines/equipment meet 
emission standards. The test order will 
give further testing instructions. 

(b) If no test cells are available at a 
given facility, you may make alternate 
testing arrangements with our ap-
proval. 

(c) Test at least two engines/equip-
ment in each 24-hour period (including 
void tests). However, for engines with 
maximum engine power above 560 kW, 
you may test one engine per 24-hour 
period. If you request and justify it, we 
may approve a lower testing rate. 

(d) For exhaust emissions, accumu-
late service on test engines/equipment 
at a minimum rate of 6 hours per en-
gine or piece of equipment during each 
24-hour period; however, service accu-
mulation to stabilize an engine’s emis-
sion levels may not take longer than 
eight days. The first 24-hour period for 
service accumulation begins when you 
finish preparing an engine or piece of 
equipment for testing. The minimum 
service accumulation rate does not 
apply on weekends or holidays. We may 
approve a longer stabilization period or 
a lower service accumulation rate if 
you request and justify it. We may re-
quire you to accumulate hours more 
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rapidly than the minimum rate, as ap-
propriate. Plan your service accumula-
tion to allow testing at the rate speci-
fied in paragraph (c) of this section. Se-
lect operation for accumulating oper-
ating hours on your test engines/equip-
ment to represent normal in-use oper-
ation for the family. 

(e) Test engines/equipment in the 
same order you select them. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74232, Oct. 25, 2016] 

§ 1068.420 How do I know when my en-
gine family fails an SEA? 

(a) A failed engine or piece of equip-
ment is one whose final deteriorated 
test results exceed an applicable emis-
sion standard for any regulated pollut-
ant. 

(b) Continue testing engines/equip-
ment until you reach a pass decision 
for all pollutants or a fail decision for 
one pollutant, as described in para-
graph (c) of this section. 

(c) You reach a pass decision for the 
SEA requirements when the number of 
failed engines/equipment is less than or 
equal to the pass decision number in 
Appendix A to this subpart for the 
total number of engines/equipment 
tested. You reach a fail decision for the 
SEA requirements when the number of 
failed engines/equipment is greater 
than or equal to the fail decision num-
ber in Appendix A to this subpart for 
the total number of engines/equipment 
you test. An acceptable quality level of 
40 percent is the basis for the pass or 
fail decision. 

(d) Consider test results in the same 
order as the engine/equipment testing 
sequence. 

(e) If you reach a pass decision for 
one pollutant, but need to continue 
testing for another pollutant, we will 
not use these later test results for the 
pollutant with the pass decision as part 
of the SEA. 

(f) Appendix A to this subpart lists 
multiple sampling plans. Use the sam-
pling plan for the projected sales vol-
ume you reported in your application 
for the audited family. 

(g) We may choose to stop testing 
after any number of tests. 

(h) If we test some of your engines/ 
equipment in addition to your own 
testing, we may decide not to include 

your test results as official data for 
those engines/equipment if there is sub-
stantial disagreement between your 
testing and our testing. We will rein-
state your data as valid if you show us 
that we made an error and your data 
are correct. 

(i) If we rely on our test data instead 
of yours, we will notify you in writing 
of our decision and the reasons we be-
lieve your facility is not appropriate 
for doing the tests we require under 
this subpart. You may request in writ-
ing that we consider your test results 
from the same facility for future test-
ing if you show us that you have made 
changes to resolve the problem. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74232, Oct. 25, 2016] 

§ 1068.425 What happens if one of my 
production-line engines/equipment 
exceeds the emission standards? 

(a) If one of your production-line en-
gines/equipment fails to meet one or 
more emission standards (see § 1068.420), 
the certificate of conformity is auto-
matically suspended for that engine or 
piece of equipment. You must take the 
following actions before your certifi-
cate of conformity can cover that en-
gine or piece of equipment: 

(1) Correct the problem and retest 
the engine/equipment to show it com-
plies with all emission standards. 

(2) Include in your written report a 
description of the test results and the 
remedy for each engine or piece of 
equipment (see § 1068.450). 

(b) You may ask for a hearing rel-
ative to the suspended certificate of 
conformity for the failing engine/equip-
ment as specified in subpart G of this 
part. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74232, Oct. 25, 2016] 

§ 1068.430 What happens if a family 
fails an SEA? 

(a) We may suspend your certificate 
of conformity for a family if it fails the 
SEA under § 1068.420. The suspension 
may apply to all facilities producing 
engines/equipment from a family even 
if you find noncompliant engines/equip-
ment only at one facility. 

(b) We will tell you in writing if we 
suspend your certificate in whole or in 
part. We will not suspend a certificate 
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until at least 15 days after the family 
fails the SEA. The suspension is effec-
tive when you receive our notice. 

(c) You may ask for a hearing as de-
scribed in subpart G of this part up to 
15 days after we suspend the certificate 
for a family. If we agree that we used 
erroneous information in deciding to 
suspend the certificate before a hearing 
is held, we will reinstate the certifi-
cate. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74232, Oct. 25, 2016] 

§ 1068.435 May I sell engines/equip-
ment from a family with a sus-
pended certificate of conformity? 

You may sell engines/equipment that 
you produce after we suspend the fam-
ily’s certificate of conformity only if 
one of the following occurs: 

(a) You test each engine or piece of 
equipment you produce and show it 
complies with emission standards that 
apply. 

(b) We conditionally reinstate the 
certificate for the family. We may do 
so if you agree to recall all the affected 
engines/equipment and remedy any 
noncompliance at no expense to the 
owner if later testing shows that en-
gines/equipment in the family still do 
not comply. 

§ 1068.440 How do I ask EPA to rein-
state my suspended certificate? 

(a) Send us a written report asking 
us to reinstate your suspended certifi-
cate. In your report, identify the rea-
son for the SEA failure, propose a rem-
edy, and commit to a date for carrying 
it out. In your proposed remedy include 
any quality control measures you pro-
pose to keep the problem from hap-
pening again. 

(b) Give us test data from production 
engines/equipment showing that en-
gines/equipment in the remedied fam-
ily comply with all the emission stand-
ards that apply. 

[73 FR 59344, Oct. 8, 2008, as amended at 75 FR 
23064, Apr. 30, 2010] 

§ 1068.445 When may EPA revoke my 
certificate under this subpart and 
how may I sell these engines/equip-
ment again? 

(a) We may revoke your certificate 
for a family in the following cases: 

(1) You do not meet the reporting re-
quirements under this subpart. 

(2) Your family fails an SEA and your 
proposed remedy to address a sus-
pended certificate is inadequate to 
solve the problem or requires you to 
change the engine/equipment’s design 
or emission control system. 

(b) To sell engines/equipment from a 
family with a revoked certificate of 
conformity, you must modify the fam-
ily and then show it complies with the 
applicable requirements. 

(1) If we determine your proposed de-
sign change may not control emissions 
for the engine/equipment’s full useful 
life, we will tell you within five work-
ing days after receiving your report. In 
this case we will decide whether pro-
duction-line testing will be enough for 
us to evaluate the change or whether 
you need to do more testing. 

(2) Unless we require more testing, 
you may show compliance by testing 
production-line engines/equipment as 
described in this subpart. 

(3) We will issue a new or updated 
certificate of conformity when you 
have met these requirements. 

§ 1068.450 What records must I send to 
EPA? 

(a) Within 30 days of the end of each 
audit, send us a report with the fol-
lowing information: 

(1) Describe any facility used to test 
production-line engines/equipment and 
state its location. 

(2) State the total U.S.-directed pro-
duction volume and number of tests for 
each family. 

(3) Describe your test engines/equip-
ment, including the family’s identifica-
tion and the engine/equipment’s model 
year, build date, model number, identi-
fication number, and number of hours 
of operation before testing for each 
test engine or piece of equipment. 

(4) Identify where you accumulated 
hours of operation on the engines/ 
equipment and describe the procedure 
and schedule you used. 

(5) Provide the test number; the date, 
time and duration of testing; test pro-
cedure; initial test results before and 
after rounding; final test results; and 
final deteriorated test results for all 
tests. Provide the emission figures for 
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all measured pollutants. Include infor-
mation for both valid and invalid tests 
and the reason for any invalidation. 

(6) Describe completely and justify 
any nonroutine adjustment, modifica-
tion, repair, preparation, maintenance, 
or test for the test engine/equipment if 
you did not report it separately under 
this subpart. Include the results of any 
emission measurements, regardless of 
the procedure or type of equipment. 

(7) Report on each failed engine or 
piece of equipment as described in 
§ 1068.425. 

(b) We may ask you to add informa-
tion to your written report, so we can 
determine whether your new engines/ 
equipment conform to the require-
ments of this subpart. 

(c) An authorized representative of 
your company must sign the following 
statement: We submit this report 
under Sections 208 and 213 of the Clean 
Air Act. Our testing conformed com-
pletely with the requirements of 40 
CFR part 1068. We have not changed 
production processes or quality-control 
procedures for the family in a way that 
might affect the emission control from 
production engines/equipment. All the 
information in this report is true and 
accurate to the best of my knowledge. 
I know of the penalties for violating 
the Clean Air Act and the regulations. 
(Authorized Company Representative) 

(d) Send reports of your testing to 
the Designated Compliance Officer 
using an approved information format. 
If you want to use a different format, 
send us a written request with jus-
tification for a waiver. 

(e) We may post test results on pub-
licly accessible databases and we will 
send copies of your reports to anyone 
from the public who asks for them. We 
will not release information about your 
sales or production volumes, which is 
all we will consider confidential. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74232, Oct. 25, 2016] 

§ 1068.455 What records must I keep? 

(a) We may review your records at 
any time so it is important to keep re-
quired information readily available. 
Organize and maintain your records as 
described in this section. 

(b) Keep paper records for testing 
under this subpart for one full year 
after you complete all the testing re-
quired for the selective enforcement 
audit. For additional storage, you may 
use any format or media. 

(c) Keep a copy of the written reports 
described in § 1068.450. 

(d) Keep the following additional 
records: 

(1) The names of supervisors involved 
in each test. 

(2) The name of anyone who author-
izes adjusting, repairing, preparing, or 
modifying a test engine/equipment and 
the names of all supervisors who over-
see this work. 

(3) If you shipped the engine/equip-
ment for testing, the date you shipped 
it, the associated storage or port facil-
ity, and the date the engine/equipment 
arrived at the testing facility. 

(4) Any records related to your audit 
that are not in the written report. 

(5) A brief description of any signifi-
cant events during testing not other-
wise described in the written report or 
in this section. 

(e) If we ask, you must give us pro-
jected or actual production for a fam-
ily. Include each assembly plant if you 
produce engines/equipment at more 
than one plant. 

(f) We may ask you to keep or send 
other information necessary to imple-
ment this subpart. 

APPENDIX A TO SUBPART E OF PART 
1068—PLANS FOR SELECTIVE EN-
FORCEMENT AUDITING 

The following tables describe sampling 
plans for selective enforcement audits, as de-
scribed in § 1068.420: 

TABLE A–1—SAMPLING PLAN CODE LETTER 

Projected family sales Code letter 1 
Minimum number of tests Maximum number of 

tests To pass To fail 

20–50 AA 3 5 20 
20–99 A 4 6 30 

100–299 B 5 6 40 
300–499 C 5 6 50 
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TABLE A–1—SAMPLING PLAN CODE LETTER—Continued 

Projected family sales Code letter 1 
Minimum number of tests Maximum number of 

tests To pass To fail 

500 + D 5 6 60 

1 A manufacturer may optionally use either the sampling plan for code letter ‘‘AA’’ or sampling plan for code letter ‘‘A’’ for Se-
lective Enforcement Audits of families with annual sales between 20 and 50 engines/equipment. Additionally, the manufacturer 
may switch between these plans during the audit. 

TABLE A–2—SAMPLING PLANS FOR DIFFERENT ENGINE FAMILY SALES VOLUMES 

Stage a 

AA A B C D 

Pass # Fail # Pass # Fail # Pass # Fail # Pass # Fail # Pass # Fail 
# 

1 .............. .............. .............. .............. .............. .............. .............. ........................ ........................
2 .............. .............. .............. .............. .............. .............. .............. ........................ ........................
3 0 .............. .............. .............. .............. .............. .............. ........................ ........................
4 0 .............. 0 .............. .............. .............. .............. ........................ ........................
5 1 5 0 .............. 0 .............. 0 ........................ 0 
6 1 6 1 6 1 6 0 6 0 6 
7 2 6 1 7 1 7 1 7 1 7 
8 2 7 2 7 2 7 2 7 2 8 
9 3 7 2 8 2 8 2 8 2 8 
10 3 8 3 8 3 8 3 9 3 9 
11 4 8 3 8 3 9 3 9 3 9 
12 4 9 4 9 4 9 4 10 4 10 
13 5 9 5 10 4 10 4 10 4 10 
14 5 10 5 10 5 10 5 11 5 11 
15 6 10 6 11 5 11 5 11 5 11 
16 6 10 6 11 6 12 6 12 6 12 
17 7 10 7 12 6 12 6 12 6 12 
18 8 10 7 12 7 13 7 13 7 13 
19 8 10 8 13 8 13 7 13 7 13 
20 9 10 8 13 8 14 8 14 8 14 
21 .............. .............. 9 14 9 14 8 14 8 14 
22 .............. .............. 10 14 9 15 9 15 9 15 
23 .............. .............. 10 15 10 15 10 15 9 15 
24 .............. .............. 11 15 10 16 10 16 10 16 
25 .............. .............. 11 16 11 16 11 16 11 16 
26 .............. .............. 12 16 11 17 11 17 11 17 
27 .............. .............. 12 17 12 17 12 17 12 17 
28 .............. .............. 13 17 12 18 12 18 12 18 
29 .............. .............. 14 17 13 18 13 18 13 19 
30 .............. .............. 16 17 13 19 13 19 13 19 
31 .............. .............. .............. .............. 14 19 14 19 14 20 
32 .............. .............. .............. .............. 14 20 14 20 14 20 
33 .............. .............. .............. .............. 15 20 15 20 15 21 
34 .............. .............. .............. .............. 16 21 15 21 15 21 
35 .............. .............. .............. .............. 16 21 16 21 16 22 
36 .............. .............. .............. .............. 17 22 16 22 16 22 
37 .............. .............. .............. .............. 17 22 17 22 17 23 
38 .............. .............. .............. .............. 18 22 18 23 17 23 
39 .............. .............. .............. .............. 18 22 18 23 18 24 
40 .............. .............. .............. .............. 21 22 19 24 18 24 
41 .............. .............. .............. .............. .............. .............. 19 24 19 25 
42 .............. .............. .............. .............. .............. .............. 20 25 19 26 
43 .............. .............. .............. .............. .............. .............. 20 25 20 26 
44 .............. .............. .............. .............. .............. .............. 21 26 21 27 
45 .............. .............. .............. .............. .............. .............. 21 27 21 27 
46 .............. .............. .............. .............. .............. .............. 22 27 22 28 
47 .............. .............. .............. .............. .............. .............. 22 27 22 28 
48 .............. .............. .............. .............. .............. .............. 23 27 23 29 
49 .............. .............. .............. .............. .............. .............. 23 27 23 29 
50 .............. .............. .............. .............. .............. .............. 26 27 24 30 
51 .............. .............. .............. .............. .............. .............. .............. ........................ 24 30 
52 .............. .............. .............. .............. .............. .............. .............. ........................ 25 31 
53 .............. .............. .............. .............. .............. .............. .............. ........................ 25 31 
54 .............. .............. .............. .............. .............. .............. .............. ........................ 26 32 
55 .............. .............. .............. .............. .............. .............. .............. ........................ 26 32 
56 .............. .............. .............. .............. .............. .............. .............. ........................ 27 33 
57 .............. .............. .............. .............. .............. .............. .............. ........................ 27 33 
58 .............. .............. .............. .............. .............. .............. .............. ........................ 28 33 
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TABLE A–2—SAMPLING PLANS FOR DIFFERENT ENGINE FAMILY SALES VOLUMES—Continued 

Stage a 

AA A B C D 

Pass # Fail # Pass # Fail # Pass # Fail # Pass # Fail # Pass # Fail 
# 

59 .............. .............. .............. .............. .............. .............. .............. ........................ 28 33 
60 .............. .............. .............. .............. .............. .............. .............. ........................ 32 33 

a Stage refers to the cumulative number of engines/equipment tested. 

Subpart F—Reporting Defects and 
Recalling Engines/Equipment 

§ 1068.501 How do I report emission- 
related defects? 

This section addresses the certificate 
holder’s responsibility to investigate 
and report emission-related defects in 
design, materials, or workmanship. 
The provisions of this section do not 
limit your liability under this part or 
the Clean Air Act. For example, selling 
an engine/equipment that does not con-
form to your application for certifi-
cation is a violation of § 1068.101(a)(1) 
independent of the requirements of this 
section. The requirements of this sec-
tion apply separately to each certifi-
cate holder if there is more than one 
certificate holder for the equipment. 

(a) General provisions. As a certifying 
manufacturer, you must investigate in 
certain circumstances whether engines/ 
equipment that have been introduced 
into U.S. commerce under your certifi-
cate have incorrect, improperly in-
stalled, or otherwise defective emis-
sion-related components or systems. 
This includes defects in design, mate-
rials, or workmanship. You must also 
send us reports as specified by this sec-
tion. 

(1) This section addresses defects for 
any of the following emission-related 
components or systems containing the 
following components: 

(i) Electronic control units, 
aftertreatment devices, fuel-metering 
components, EGR-system components, 
crankcase-ventilation valves, all com-
ponents related to charge-air compres-
sion and cooling, and all sensors associ-
ated with any of these components. 

(ii) For engines and equipment sub-
ject to evaporative emission standards, 
fuel tanks, fuel caps, and fuel lines and 
connectors. 

(iii) Any other component whose pri-
mary purpose is to reduce emissions. 

(iv) Any other component whose fail-
ure would commonly increase emis-
sions of any regulated pollutant with-
out significantly degrading engine/ 
equipment performance. 

(2) The requirements of this section 
relate to defects in any of the compo-
nents or systems identified in para-
graph (a)(1) of this section if the de-
fects might affect any of the param-
eters or specifications in Appendix II of 
this part or might otherwise affect the 
emissions of any regulated pollutant. 

(3) For the purposes of this section, 
defects do not include damage to emis-
sion-related components or systems (or 
maladjustment of parameters) caused 
by owners improperly maintaining or 
abusing their engines/equipment. 

(4) The requirements of this section 
do not apply to emission control infor-
mation labels. Note however, that 
§ 1068.101(a)(1) prohibits the sale of en-
gines/equipment without proper labels, 
which also applies to misprinted labels. 

(5) You must track the information 
specified in paragraph (b)(1) of this sec-
tion. You must assess this data at least 
every three months to evaluate wheth-
er you exceed the thresholds specified 
in paragraphs (e) and (f) of this section. 
Where thresholds are based on a per-
centage of engines/equipment in the 
family, use actual U.S.-directed pro-
duction volumes for the whole model 
year when they become available. Use 
projected production figures until the 
actual production figures become 
available. You are not required to col-
lect additional information other than 
that specified in paragraph (b)(1) of 
this section before reaching a threshold 
for an investigation specified in para-
graph (e) of this section. 

(6) You may ask us to allow you to 
use alternate methods for tracking, in-
vestigating, reporting, and correcting 
emission-related defects. In your re-
quest, explain and demonstrate why 
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you believe your alternate system will 
be at least as effective in the aggregate 
in tracking, identifying, investigating, 
evaluating, reporting, and correcting 
potential and actual emissions-related 
defects as the requirements in this sec-
tion. In this case, provide all available 
data necessary to demonstrate why an 
alternate system is appropriate for 
your engines/equipment and how it will 
result in a system at least as effective 
as that required under this section. 

(7) If we determine that emission-re-
lated defects result in a substantial 
number of properly maintained and 
used engines/equipment not conforming 
to the regulations of this chapter dur-
ing their useful life, we may order you 
to conduct a recall of your engines/ 
equipment (see § 1068.505). 

(8) Send all reports required by this 
section to the Designated Compliance 
Officer. 

(9) This section distinguishes be-
tween defects and possible defects. A 
possible defect exists anytime there is 
an indication that an emission-related 
component or system might have a de-
fect, as described in paragraph (b)(1) of 
this section. 

(b) Investigation of possible defects. In-
vestigate possible defects as follows: 

(1) If the number of engines/equip-
ment that have a possible defect, as de-
fined by this paragraph (b)(1), exceeds a 
threshold specified in paragraph (e) of 
this section, you must conduct an in-
vestigation to determine if an emis-
sion-related component or system is 
actually defective. You must classify 
an engine/equipment component or sys-
tem as having a possible defect if any 
of the following sources of information 
shows there is a significant possibility 
that a defect exists: 

(i) A warranty claim is submitted for 
the component, whether this is under 
your emission-related warranty or any 
other warranty. 

(ii) Your quality-assurance proce-
dures suggest that a defect may exist. 

(iii) You receive any other informa-
tion for which good engineering judg-
ment would indicate the component or 
system may be defective, such as infor-
mation from dealers, field-service per-
sonnel, equipment manufacturers, hot-
line complaints, in-use testing, or en-
gine diagnostic systems. 

(2) If the number of shipped replace-
ment parts for any individual compo-
nent is high enough that good engi-
neering judgment would indicate a sig-
nificant possibility that a defect exists, 
you must conduct an investigation to 
determine if it is actually defective. 
Note that this paragraph (b)(2) does not 
require data-tracking or recording pro-
visions related to shipment of replace-
ment parts. 

(3) Your investigation must be 
prompt, thorough, consider all relevant 
information, follow accepted scientific 
and engineering principles, and be de-
signed to obtain all the information 
specified in paragraph (d) of this sec-
tion. 

(4) Your investigation needs to con-
sider possible defects that occur only 
within the useful life period, or within 
five years after the end of the model 
year, whichever is longer. 

(5) You must continue your inves-
tigation until you are able to show 
that there is no emission-related defect 
or you obtain all the information speci-
fied for a defect report in paragraph (d) 
of this section. 

(6) If a component with a possible de-
fect is used in additional families or 
model years, you must investigate 
whether the component may be defec-
tive when used in these additional fam-
ilies or model years, and include these 
results in any defect report you send 
under paragraph (c) of this section. 

(7) If your initial investigation con-
cludes that the number of engines/ 
equipment with a defect is fewer than 
any of the thresholds specified in para-
graph (f) of this section, but other in-
formation later becomes available that 
may show that the number of engines/ 
equipment with a defect exceeds a 
threshold, then you must resume your 
investigation. If you resume an inves-
tigation, you must include the infor-
mation from the earlier investigation 
to determine whether to send a defect 
report. 

(c) Reporting defects. You must send 
us a defect report in either of the fol-
lowing cases: 

(1) Your investigation shows that the 
number of engines/equipment with a 
defect exceeds a threshold specified in 
paragraph (f) of this section. Send the 
defect report within 21 days after the 
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date you identify this number of defec-
tive engines/equipment. See paragraph 
(h) of this section for reporting require-
ments that apply if the number of en-
gines/equipment with a defect does not 
exceed any of the thresholds in para-
graph (f) of this section. 

(2) You know there are emission-re-
lated defects for a component or sys-
tem in a number of engines/equipment 
that exceeds a threshold specified in 
paragraph (f) of this section, regardless 
of how you obtain this information. 
Send the defect report within 21 days 
after you learn that the number of de-
fects exceeds a threshold. Send us an 
updated defect report anytime you 
have significant additional informa-
tion. 

(d) Contents of a defect report. Include 
the following information in a defect 
report: 

(1) Your corporate name and a person 
to contact regarding this defect. 

(2) A description of the defect, in-
cluding a summary of any engineering 
analyses and associated data, if avail-
able. 

(3) A description of the engines/equip-
ment that have the defect, including 
families, models, and range of produc-
tion dates. 

(4) An estimate of the number and 
percentage of each class or category of 
affected engines/equipment that have 
the defect, and an explanation of how 
you determined this number. Describe 
any statistical methods you used under 
paragraph (g)(6) of this section. 

(5) An estimate of the defect’s impact 
on emissions, with an explanation of 
how you calculated this estimate and a 
summary of any emission data dem-
onstrating the impact of the defect, if 
available. 

(6) A description of your plan for ad-
dressing the defect or an explanation of 
your reasons for not believing the de-
fects must be addressed. 

(e) Thresholds for conducting a defect 
investigation. You must begin a defect 
investigation based on the following 
number of engines/equipment that may 
have the defect: 

(1) For engines/equipment with max-
imum engine power at or below 560 kW: 

(i) For families with annual produc-
tion below 500 units: 50 or more en-
gines/equipment. 

(ii) For families with annual produc-
tion from 500 to 50,000 units: more than 
10.0 percent of the total number of en-
gines/equipment in the family. 

(iii) For families with annual produc-
tion from 50,000 to 550,000 units: more 
than the total number of engines/equip-
ment represented by the following 
equation: 

Investigation threshold = 5,000 + (Pro-
duction units—50,000) × 0.04 

(iv) For families with annual produc-
tion above 550,000 units: 25,000 or more 
engines/equipment. 

(2) For engines/equipment with max-
imum engine power greater than 560 
kW: 

(i) For families with annual produc-
tion below 250 units: 25 or more en-
gines/equipment. 

(ii) For families with annual produc-
tion at or above 250 units: more than 
10.0 percent of the total number of en-
gines/equipment in the family. 

(f) Thresholds for filing a defect report. 
You must send a defect report based on 
the following number of engines/equip-
ment that have the defect: 

(1) For engines/equipment with max-
imum engine power at or below 560 kW: 

(i) For families with annual produc-
tion below 1,000 units: 20 or more en-
gines/equipment. 

(ii) For families with annual produc-
tion from 1,000 to 50,000 units: more 
than 2.0 percent of the total number of 
engines/equipment in the family. 

(iii) For families with annual produc-
tion from 50,000 to 550,000 units: more 
than the total number of engines/equip-
ment represented by the following 
equation: 

Reporting threshold = 1,000 + (Produc-
tion units—50,000) × 0.01 

(iv) For families with annual produc-
tion above 550,000 units: 6,000 or more 
engines/equipment. 

(2) For engines/equipment with max-
imum engine power greater than 560 
kW: 

(i) For families with annual produc-
tion below 150 units: 10 or more en-
gines/equipment. 

(ii) For families with annual produc-
tion from 150 to 750 units: 15 or more 
engines/equipment. 
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(iii) For families with annual produc-
tion above 750 units: more than 2.0 per-
cent of the total number of engines/ 
equipment in the family. 

(g) How to count defects. (1) Track de-
fects separately for each model year 
and family as much as possible. If in-
formation is not identifiable by model 
year or family, use good engineering 
judgment to evaluate whether you ex-
ceed a threshold in paragraph (e) or 

(f) of this section. Consider only your 
U.S.-directed production volume. 

(2) Within a family, track defects to-
gether for all components or systems 
that are the same in all material re-
spects. If multiple companies sepa-
rately supply a particular component 
or system, treat each company’s com-
ponent or system as unique. 

(3) For engine-based standards, if a 
possible defect is not attributed to any 
specific part of the engine, consider the 
complete engine a distinct component 
for evaluating whether you exceed a 
threshold in paragraph (e) of this sec-
tion. For equipment-based standards, if 
a possible defect is not attributed to 
any specific part of the equipment, 
consider the complete piece of equip-
ment a distinct component for evalu-
ating whether you exceed a threshold 
in paragraph (e) of this section. 

(4) If you correct defects before they 
reach the ultimate purchaser as a re-
sult of your quality-assurance proce-
dures, count these against the inves-
tigation thresholds in paragraph (e) of 
this section unless you routinely check 
every engine or piece of equipment in 
the family. Do not count any corrected 
defects as actual defects under para-
graph (f) of this section. 

(5) Use aggregated data from all the 
different sources identified in para-
graph (b)(1) of this section to deter-
mine whether you exceed a threshold 
in paragraphs (e) and (f) of this section. 

(6) If information is readily available 
to conclude that the possible defects 
identified in paragraph (b)(1) of this 
section are actual defects, count these 
toward the reporting thresholds in 
paragraph (f) of this section. 

(7) During an investigation, use ap-
propriate statistical methods to 
project defect rates for engines/equip-
ment that you are not otherwise able 
to evaluate. For example, if 75 percent 

of the components replaced under war-
ranty are available for evaluation, it 
would be appropriate to extrapolate 
known information on failure rates to 
the components that are unavailable 
for evaluation. Take steps as necessary 
to prevent bias in sampled data. Make 
adjusted calculations to take into ac-
count any bias that may remain. 

(h) Investigation reports. Once you 
trigger an investigation threshold 
under paragraph (e) of this section, you 
must report your progress and conclu-
sions. In your reports, include the in-
formation specified in paragraph (d) of 
this section, or explain why the infor-
mation is not relevant. Send us the fol-
lowing reports: 

(1) While you are investigating, send 
us mid-year and end-of-year reports to 
describe the methods you are using and 
the status of the investigation. Send 
these status reports no later than June 
30 and December 31 of each year. 

(2) If you find that the number of 
components or systems with an emis-
sion-related defect exceeds a threshold 
specified in paragraph (f) of this sec-
tion, send us a report describing your 
findings within 21 days after the date 
you reach this conclusion. 

(3) If you find that the number of 
components or systems with an emis-
sion-related defect does not exceed any 
of the thresholds specified in paragraph 
(f) of this section, send us a final report 
supporting this conclusion. For exam-
ple, you may exclude warranty claims 
that resulted from misdiagnosis and 
you may exclude defects caused by im-
proper maintenance, improper use, or 
misfueling. Send this report within 21 
days after the date you reach this con-
clusion. 

(i) Future production. If you identify a 
design or manufacturing defect that 
prevents engines/equipment from meet-
ing the requirements of this part, you 
must correct the defect as soon as pos-
sible for future production of engines/ 
equipment in every family affected by 
the defect. This applies without regard 
to whether you are required to conduct 
a defect investigation or submit a de-
fect report under this section. 

[73 FR 59344, Oct. 8, 2008, as amended at 75 FR 
23064, Apr. 30, 2010; 81 FR 74232, Oct. 25, 2016] 
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§ 1068.505 How does the recall pro-
gram work? 

(a) If we make a determination that 
a substantial number of properly main-
tained and used engines/equipment 
within a given class or category do not 
conform to the regulations of this 
chapter during their useful life, you 
must submit a plan to remedy the non-
conformity of your engines/equipment. 
We will notify you of our determina-
tion in writing. Our notice will identify 
the class or category of engines/equip-
ment affected and describe how we 
reached our conclusion. If this happens, 
you must meet the requirements and 
follow the instructions in this subpart. 
You must remedy at your expense all 
engines/equipment that experienced 
the nonconformity during the useful 
life in spite of being properly main-
tained and used, as described in 
§ 1068.510(a)(7), regardless of their age 
or extent of service accumulation at 
the time of repair. You may not trans-
fer this expense to a dealer (or equip-
ment manufacturer for engine-based 
standards) through a franchise or other 
agreement. 

(b) You may ask for a hearing if you 
disagree with our determination (see 
subpart G of this part). 

(c) Unless we withdraw the deter-
mination of noncompliance, you must 
respond to it by sending a remedial 
plan to the Designated Compliance Of-
ficer. We will designate a date by which 
you must send us the remedial plan; 
the designated date will be no sooner 
than 45 days after we notify you, and 
no sooner than 30 days after a hearing. 

(d) Once you have sold engines/equip-
ment to the ultimate purchaser, we 
may inspect or test the engines/equip-
ment only if the purchaser permits it, 
or if state or local inspection programs 
separately provide for it. 

(e) You may ask us to allow you to 
conduct your recall differently than 
specified in this subpart, consistent 
with section 207(c) of the Clean Air Act 
(42 U.S.C. 7541(c)). 

(f) You may do a voluntary recall 
under § 1068.535 unless we have made 
the determination described in 
§ 1068.535(a). 

(g) For purposes of recall, ‘‘owner’’ 
means someone who owns an engine or 

piece of equipment affected by a reme-
dial plan. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74233, Oct. 25, 2016] 

§ 1068.510 How do I prepare and apply 
my remedial plan? 

(a) In your remedial plan, describe all 
of the following: 

(1) The class or category of engines/ 
equipment to be recalled, including the 
number of engines/equipment involved 
and the model year or other informa-
tion needed to identify the engines/ 
equipment. 

(2) The modifications, alterations, re-
pairs, corrections, adjustments, or 
other changes you will make to correct 
the affected engines/equipment. 

(3) A brief description of the studies, 
tests, and data that support the effec-
tiveness of the remedy you propose to 
use. 

(4) The instructions you will send to 
those who will repair the engines/ 
equipment under the remedial plan. 

(5) How you will determine the own-
ers’ names and addresses. 

(6) How you will notify owners; in-
clude a copy of any notification letters. 

(7) The proper maintenance or use 
you will specify, if any, as a condition 
to be eligible for repair under the re-
medial plan. Describe how these speci-
fications meet the provisions of para-
graph (e) of this section. Describe how 
the owners should show they meet your 
conditions. 

(8) The steps owners must take for 
you to do the repair. You may set a 
date or a range of dates, specify the 
amount of time you need, and des-
ignate certain facilities to do the re-
pairs. 

(9) Which company (or group) you 
will assign to do or manage the repairs. 

(10) If your employees or authorized 
warranty agents will not be doing the 
work, state who will and describe their 
qualifications. 

(11) How you will ensure an adequate 
and timely supply of parts. 

(12) The effect of proposed changes on 
fuel consumption, driveability, and 
safety of the engines/equipment you 
will recall; include a brief summary of 
the information supporting these con-
clusions. 
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(13) How you intend to label the en-
gines/equipment you repair and where 
you will place the label on the engine/ 
equipment (see § 1068.515). 

(b) We may require you to add infor-
mation if it is needed to evaluate your 
remedial plan. 

(c) We may require you to test the 
proposed repair to show it will remedy 
the noncompliance. 

(d) Use all reasonable means to lo-
cate owners. We may require you to 
use government or commercial reg-
istration lists to get owners’ names 
and addresses so your notice will be ef-
fective. 

(e) The maintenance or use that you 
specify as a condition for eligibility 
under the remedial plan may include 
only things you can show would cause 
noncompliance. Do not require use of a 
component or service identified by 
brand, trade, or corporate name unless 
we approved this approach with your 
original certificate of conformity. 
Also, do not place conditions on who 
maintained the engine/equipment. 

(f) We may require you to adjust your 
repair plan if we determine owners 
would be without their engines or 
equipment for an unreasonably long 
time. 

(g) We will tell you in writing within 
15 days of receiving your remedial plan 
whether we have approved or dis-
approved it. We will explain our rea-
sons for any disapproval. 

(h) Begin notifying owners within 15 
days after we approve your remedial 
plan. If we hold a hearing, but do not 
change our position about the non-
compliance, you must begin notifying 
owners within 60 days after we com-
plete the hearing unless we specify a 
later deadline. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74233, Oct. 25, 2016] 

§ 1068.515 How do I mark or label re-
paired engines/equipment? 

(a) Attach a label to engines/equip-
ment you repair under the remedial 
plan. At your discretion, you may label 
or mark engines/equipment you inspect 
but do not repair. Designate the spe-
cific recall campaign on the label. 

(b) Make the label from a durable 
material suitable for its planned loca-

tion. Make sure no one can remove the 
label without destroying or defacing it. 

(c) Identify the facility where you re-
paired or inspected the engine/equip-
ment on the label, or keep records of 
this information for each vehicle and 
give it to us if we ask for it. 

(d) We may waive or modify the la-
beling requirements if we determine 
they are overly burdensome. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74233, Oct. 25, 2016] 

§ 1068.520 How do I notify affected 
owners? 

(a) Notify owners by first class mail 
or e-mail unless we say otherwise. We 
may require you to use certified mail. 
Include the following in your notice: 

(1) State: ‘‘The U.S. Environmental 
Protection Agency has determined that 
your engine/equipment may be emit-
ting pollutants in excess of the federal 
emission standards as defined in Title 
40 of the Code of Federal Regulations. 
These emission standards were estab-
lished to protect the public health or 
welfare from air pollution.’’ 

(2) State that you (or someone you 
designate) will repair these engines/ 
equipment at your expense. 

(3) If we approved maintenance and 
use conditions in your remedial plan, 
state that you will make these repairs 
only if owners show their engines/ 
equipment meet the conditions for 
proper maintenance and use. Describe 
these conditions and how owners 
should prove their engines/equipment 
are eligible for repair. 

(4) Describe the components your re-
pair will affect and say generally how 
you will repair the engines/equipment. 

(5) State that the engine/equipment, 
if not repaired, may fail an emission 
inspection test if state or local law re-
quires one. 

(6) Describe any adverse effects on its 
performance or driveability that would 
be caused by not repairing the engine/ 
equipment. 

(7) Describe any adverse effects on 
the functions of other components that 
would be caused by not repairing the 
engine/equipment. 

(8) Specify the date you will start the 
repairs, the amount of time you will 
need to do them, and where you will do 
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them. Include any other information 
owners may need to know. 

(9) Allow for the owner to inform you 
using one of the following methods if 
they have sold the engine/equipment: 

(i) Send a self-addressed card that 
owners can mail back to you; include a 
space for owners to write the name and 
address of a buyer. 

(ii) Provide owners with a toll-free 
number and an e-mail address or Web 
site they can use to identify the name 
and address of a buyer. 

(10) State that owners should call 
you at a phone number you give to re-
port any difficulty in obtaining repairs. 

(11) State: ‘‘To ensure your full pro-
tection under the emission warranty 
on your [engine/equipment] by federal 
law, and your right to participate in 
future recalls, we recommend you have 
your [engine/equipment] serviced as 
soon as possible. We may consider your 
not servicing it to be improper mainte-
nance.’’ 

(b) We may require you to add infor-
mation to your notice or to send more 
notices if we determine this is reason-
able and necessary to ensure an effec-
tive recall. 

(c) You may not in any communica-
tion with owners or dealers say or 
imply that your noncompliance does 
not exist or that it will not degrade air 
quality. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74233, Oct. 25, 2016] 

§ 1068.525 What records must I send to 
EPA? 

(a) Send us a copy of all communica-
tions related to the remedial plan you 
sent to dealers and others doing the re-
pairs. Mail or e-mail us the informa-
tion at the same time you send it to 
others. 

(b) From the time you begin to notify 
owners, send us a report within 25 days 
of the end of each calendar quarter. 
Send reports for six consecutive quar-
ters or until all the engines/equipment 
are inspected, whichever comes first. In 
these reports, identify the following: 

(1) The range of dates you needed to 
notify owners. 

(2) The total number of notices sent. 
(3) The number of engines/equipment 

you estimate fall under the remedial 

plan (explain how you determined this 
number). 

(4) The cumulative number of en-
gines/equipment you inspected under 
the remedial plan. 

(5) The cumulative number of these 
engines/equipment you found needed 
the specified repair. 

(6) The cumulative number of these 
engines/equipment you have repaired. 

(7) The cumulative number of en-
gines/equipment you determined to be 
unavailable due to exportation, theft, 
retirement, or other reasons (specify). 

(8) The cumulative number of en-
gines/equipment you disqualified for 
not being properly maintained or used. 

(c) If your estimated number of en-
gines/equipment falling under the re-
medial plan changes, change the esti-
mate in your next report and add an 
explanation for the change. 

(d) We may ask for more information. 
(e) We may waive reporting require-

ments or adjust the reporting schedule. 
(f) If anyone asks to see the informa-

tion in your reports, we will follow the 
provisions of § 1068.10 for handling con-
fidential information. 

§ 1068.530 What records must I keep? 
We may review your records at any 

time so it is important that you keep 
required information readily available. 
Keep records associated with your re-
call campaign for five years after you 
send the last report we require under 
§ 1068.525(b). Organize and maintain 
your records as described in this sec-
tion. 

(a) Keep a paper copy of the written 
reports described in § 1068.525. 

(b) Keep a record of the names and 
addresses of owners you notified. For 
each engine or piece of equipment, 
state whether you did any of the fol-
lowing: 

(1) Inspected the engine/equipment. 
(2) Disqualified the engine/equipment 

for not being properly maintained or 
used. 

(3) Completed the prescribed repairs. 
(c) You may keep the records in para-

graph (b) of this section in any form we 
can inspect, including computer data-
bases. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74233, Oct. 25, 2016] 
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§ 1068.535 How can I do a voluntary 
recall for emission-related prob-
lems? 

If we have made a determination that 
a substantial number of properly main-
tained and used engines/equipment do 
not conform to the regulations of this 
chapter during their useful life, you 
may not use a voluntary recall or other 
alternate means to meet your obliga-
tion to remedy the noncompliance. 
Thus, this section applies only if you 
learn that your family does not meet 
the requirements of this chapter and 
we have not made such a determina-
tion. 

(a) To do a voluntary recall under 
this section, first send the Designated 
Compliance Officer a plan, following 
the guidelines in § 1068.510. Within 15 
days, we will send you our comments 
on your plan. 

(b) Once we approve your plan, start 
notifying owners and carrying out the 
specified repairs. Make reasonable ef-
forts to carry out the recall as quickly 
as possible. 

(c) From the time you start the re-
call campaign, send us a report within 
25 days of the end of each calendar 
quarter, following the guidelines in 
§ 1068.525(b). Send reports for six con-
secutive quarters or until all the en-
gines/equipment are inspected, which-
ever comes first. 

(d) Keep your reports and the sup-
porting information as described in 
§ 1068.530. 

Subpart G—Hearings 

SOURCE: 81 FR 74233, Oct. 25, 2016, unless 
otherwise noted. 

§ 1068.601 Overview. 
The regulations of this chapter in-

volve numerous provisions that may 
result in EPA making a decision or 
judgment that you may consider ad-
verse to your interests and that either 
limits your business activities or re-
quires you to pay penalties. As speci-
fied in the regulations in this chapter, 
this might involve an opportunity for 
an informal hearing or a formal hear-
ing that follows specific procedures and 
is directed by a Presiding Officer. The 
regulations in this chapter generally 
specify when we would hold a hearing. 

In limited circumstances, we may 
grant a request for a hearing related to 
adverse decisions regarding regulatory 
provisions for which we do not specifi-
cally describe the possibility of asking 
for a hearing. 

(a) If you request a hearing regarding 
our decision to assess administrative 
penalties under § 1068.125, we will hold a 
formal hearing according to the provi-
sions of 40 CFR 22.1 through 22.32 and 
22.34. 

(b) For other issues where the regula-
tion allows for a hearing in response to 
an adverse decision, you may request 
an informal hearing as described in 
§ 1068.650. Sections 1068.610 through 
1068.625 describe when and how to re-
quest an informal hearing under var-
ious circumstances. 

(c) The time limits we specify are 
calendar days and include weekends 
and holidays, except that a deadline 
falling on a Saturday, Sunday, or a fed-
eral holiday is understood to move to 
the next business day. Your filing will 
be considered timely based on the fol-
lowing criteria relative to the specified 
deadline: 

(1) The postmarked date for items 
sent by U.S. mail must be on or before 
the specified date. 

(2) The ship date for items sent from 
any location within the United States 
by commercial carriers must be on or 
before the specified date. 

(3) Items sent by mail or courier from 
outside the United States must be re-
ceived by the specified date. 

(4) The time and date stamp on an 
email message must be at or before 5:00 
p.m. on the specified date (in either the 
source or destination time zone). 

(5) The time and date stamp on faxed 
pages must be at or before 5:00 p.m. on 
the specified date (in either the source 
or destination time zone). 

(6) Hand-delivered items must be re-
ceived by the appropriate personnel by 
3:00 p.m. on the specified date. 

(d) See the standard-setting part for 
additional information. If the stand-
ard-setting part specifies any provi-
sions that are contrary to those de-
scribed in this subpart, the provisions 
of the standard-setting part apply in-
stead of those described in this sub-
part. 

VerDate Sep<11>2014 13:42 Sep 19, 2018 Jkt 244187 PO 00000 Frm 00457 Fmt 8010 Sfmt 8002 Y:\SGML\244187.XXX 244187js
ta

llw
or

th
 o

n 
D

S
K

B
B

Y
8H

B
2P

R
O

D
 w

ith
 C

F
R



448 

40 CFR Ch. I (7–1–18 Edition) § 1068.610 

§ 1068.610 Request for hearing—sus-
pending, revoking, or voiding a cer-
tificate of conformity. 

(a) You may request an informal 
hearing as described in § 1068.650 if you 
disagree with our decision to suspend, 
revoke, or void a certificate of con-
formity. 

(b) If you request a hearing regarding 
the outcome of a testing regimen with 
established evaluation criteria, such as 
selective enforcement audits or routine 
production-line testing, we will hold a 
hearing limited to the following issues 
that are relevant to your cir-
cumstances: 

(1) Whether tests were conducted in 
accordance with applicable regula-
tions. 

(2) Whether test equipment was prop-
erly calibrated and functioning. 

(3) Whether specified sampling proce-
dures were followed to select engines/ 
equipment for testing. 

(4) Whether there is a basis for deter-
mining that the problems identified do 
not apply for engines/equipment pro-
duced at plants other than the one 
from which engines/equipment were se-
lected for testing. 

(c) You must send your hearing re-
quest in writing to the Designated 
Compliance Officer no later than 30 
days after we notify you of our decision 
to suspend, revoke, or void your certifi-
cate, or by some later deadline we 
specify. If the deadline passes, we may 
nevertheless grant you a hearing at our 
discretion. 

(d) Your hearing request must in-
clude the following information: 

(1) Identify the classes or categories 
of engines/equipment that will be the 
subject of the hearing. 

(2) State briefly which issues you will 
raise at the hearing for each affected 
class or category of engines/equipment. 

(3) Specify why you believe the hear-
ing will conclude in your favor for each 
of the issues you will raise. 

(4) Summarize the evidence sup-
porting your position on each of the 
issues you will raise and include any 
supporting data. 

(e) We will approve your request for 
an informal hearing if we find that 
your request raises a substantial fac-
tual issue in the decision we made 

that, if addressed differently, could 
alter the outcome of that decision. 

§ 1068.615 Request for hearing—denied 
application for certification, auto-
matically suspended certificate, and 
determinations related to certifi-
cation. 

(a) You may request an informal 
hearing as described in § 1068.650 if we 
deny your application for a certificate 
of conformity, if your certificate of 
conformity is automatically suspended 
under the regulations, or if you dis-
agree with determinations we make as 
part of the certification process. For 
example, you might disagree with our 
determinations regarding adjustable 
parameters under § 1068.50 or regarding 
your good engineering judgment under 
§ 1068.5. 

(b) You must send your hearing re-
quest in writing to the Designated 
Compliance Officer no later than 30 
days after we notify you of our deci-
sion, or by some later deadline we 
specify. If the specified deadline passes, 
we may nevertheless grant you a hear-
ing at our discretion. 

(c) Your hearing request must in-
clude the information specified in 
§ 1068.610(d). 

(d) We will approve your request for 
an informal hearing if we find that 
your request raises a substantial fac-
tual issue in the decision we made 
that, if addressed differently, could 
alter the outcome of that decision. 

§ 1068.620 Request for hearing—recall. 
(a) You may request an informal 

hearing as described in § 1068.650 if you 
disagree with our decision to order a 
recall. 

(b) You must send your hearing re-
quest in writing to the Designated 
Compliance Officer no later than 45 
days after we notify you of our deci-
sion, or by some later deadline we 
specify. If the specified deadline passes, 
we may nevertheless grant you a hear-
ing at our discretion. 

(c) Your hearing request must in-
clude the information specified in 
§ 1068.610(d). 

(d) We will approve your request for 
an informal hearing if we find that 
your request raises a substantial fac-
tual issue in the decision we made 
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that, if addressed differently, could 
alter the outcome of that decision. 

§ 1068.625 Request for hearing—non-
conformance penalties. 

(a) You may request an informal 
hearing as described in § 1068.650 if you 
disagree with our determination of 
compliance level or penalty calculation 
or both. The hearing will address only 
whether the compliance level or pen-
alty was determined in accordance 
with the regulations. 

(b) Send a request for a hearing in 
writing to the Designated Compliance 
Officer within the following time 
frame, as applicable: 

(1) No later than 15 days after we no-
tify you that we have approved a non-
conformance penalty under this sub-
part if the compliance level is in the 
allowable range of nonconformity. 

(2) No later than 15 days after com-
pletion of the Production Compliance 
Audit if the compliance level exceeds 
the upper limit. 

(3) No later than 15 days after we no-
tify you of an adverse decision for all 
other cases. 

(c) If you miss the specified deadline 
in paragraph (b) of this section, we 
may nevertheless grant youa hearing 
at our discretion. 

(d) Your hearing request must in-
clude the information specified in 
§ 1068.610(d). 

(e) We will approve your request for 
an informal hearing if we find that 
your request raises a substantial fac-
tual issue in the decision we made 
that, if addressed differently, could 
alter the outcome of that decision. 

§ 1068.650 Procedures for informal 
hearings. 

(a) The following provisions apply for 
arranging the hearing: 

(1) After granting your request for an 
informal hearing, we will designate a 
Presiding Officer for the hearing. 

(2) The Presiding Officer will select 
the time and place for the hearing. The 
hearing must be held as soon as prac-
ticable for all parties involved. 

(3) The Presiding Officer may require 
that all argument and presentation of 
evidence be concluded by a certain date 
after commencement of the hearing. 

(b) The Presiding Officer will estab-
lish a paper or electronic hearing 
record, which may be made available 
for inspection. The hearing record in-
cludes, but is not limited to, the fol-
lowing materials: 

(1) All documents relating to the ap-
plication for certification, including 
the certificate of conformity itself, if 
applicable. 

(2) Your request for a hearing and the 
accompanying supporting data. 

(3) Correspondence and other data 
relevant to the hearing. 

(4) The Presiding Officer’s written de-
cision regarding the subject of the 
hearing, together with any accom-
panying material. 

(c) You may appear in person or you 
may be represented by counsel or by 
any other representative you des-
ignate. 

(d) The Presiding Officer may ar-
range for a prehearing conference, ei-
ther in response to a request from any 
party or at his or her own discretion. 
The Presiding Officer will select the 
time and place for the prehearing con-
ference. The Presiding Officer will 
summarize the results of the con-
ference and include the written sum-
mary as part of the record. The pre-
hearing conference may involve consid-
eration of the following items: 

(1) Simplification of the issues. 
(2) Stipulations, admissions of fact, 

and the introduction of documents. 
(3) Limitation of the number of ex-

pert witnesses. 
(4) Possibility of reaching an agree-

ment to resolve any or all of the issues 
in dispute. 

(5) Any other matters that may aid 
in expeditiously and successfully con-
cluding the hearing. 

(e) Hearings will be conducted as fol-
lows: 

(1) The Presiding Officer will conduct 
informal hearings in an orderly and ex-
peditious manner. The parties may 
offer oral or written evidence; however, 
the Presiding Officer may exclude evi-
dence that is irrelevant, immaterial, or 
repetitious. 

(2) Witnesses will not be required to 
testify under oath; however, the Pre-
siding Officer must make clear that 18 
U.S.C. 1001 specifies civil and criminal 
penalties for knowingly making false 
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statements or representations or using 
false documents in any matter within 
the jurisdiction of EPA or any other 
department or agency of the United 
States. 

(3) Any witness may be examined or 
cross-examined by the Presiding Offi-
cer, by you, or by any other parties. 

(4) Written transcripts must be made 
for all hearings. Anyone may purchase 
copies of transcripts from the reporter. 

(f) The Presiding Officer will make a 
final decision with written findings, 
conclusions and supporting rationale 
on all the substantial factual issues 
presented in the record. The findings, 
conclusions, and written decision must 
be provided to the parties and made a 
part of the record. 

APPENDIX I TO PART 1068—EMISSION- 
RELATED COMPONENTS 

This appendix specifies emission-related 
components that we refer to for describing 
such things as emission-related warranty or 
requirements related to rebuilding engines. 
Note that inclusion of a component in Sec-
tion III of this Appendix does not make it an 
emission-related component for engines/ 
equipment that are not subject to evapo-
rative emission standards. 

I. For exhaust emissions, emission-related 
components include any engine parts related 
to the following systems: 

1. Air-induction system. 
2. Fuel system. 
3. Ignition system. 
4. Exhaust gas recirculation systems. 
II. The following parts are also considered 

emission-related components for exhaust 
emissions: 

1. Aftertreatment devices. 
2. Crankcase ventilation valves. 
3. Sensors. 
4. Electronic control units. 
III. The following parts are considered 

emission-related components for evaporative 
emissions: 

1. Fuel Tank. 
2. Fuel Cap. 
3. Fuel Line. 
4. Fuel Line Fittings. 
5. Clamps*. 
6. Pressure Relief Valves*. 
7. Control Valves*. 
8. Control Solenoids*. 
9. Electronic Controls*. 
10. Vacuum Control Diaphragms*. 
11. Control Cables*. 
12. Control Linkages*. 
13. Purge Valves. 
14. Vapor Hoses. 
15. Liquid/Vapor Separator. 
16. Carbon Canister. 

17. Canister Mounting Brackets. 
18. Carburetor Purge Port Connector. 
*As related to the evaporative emission 

control system. 
IV. Emission-related components also in-

clude any other part whose primary purpose 
is to reduce emissions or whose failure would 
commonly increase emissions without sig-
nificantly degrading engine/equipment per-
formance. 

[73 FR 59344, Oct. 8, 2008, as amended at 81 FR 
74235, Oct. 25, 2016] 

APPENDIX II TO PART 1068—EMISSION- 
RELATED PARAMETERS AND SPECI-
FICATIONS 

This appendix specifies emission-related 
parameters and specifications that we refer 
to for describing such things as emission-re-
lated defects or requirements related to re-
building engines. 

I. Basic Engine Parameters for Recipro-
cating Engines. 

1. Compression ratio. 
2. Type of air aspiration (natural, Roots- 

blown, supercharged, turbocharged). 
3. Valves (intake and exhaust). 
a. Head diameter dimension. 
b. Valve lifter or actuator type and valve 

lash dimension. 
4. Camshaft timing. 
a. Valve opening—intake exhaust (degrees 

from top-dead center or bottom-dead center). 
b. Valve closing—intake exhaust (degrees 

from top-dead center or bottom-dead center). 
c. Valve overlap (degrees). 
5. Ports—two stroke engines (intake and/or 

exhaust). 
a. Flow area. 
b. Opening timing (degrees from top-dead 

center or bottom-dead center). 
c. Closing timing (degrees from top-dead 

center or bottom-dead center). 
II. Intake Air System. 
1. Roots blower/supercharger/turbocharger 

calibration. 
2. Charge air cooling. 
a. Type (air-to-air; air-to-liquid). 
b. Type of liquid cooling (engine coolant, 

dedicated cooling system). 
c. Performance. 
3. Temperature control system calibration. 
4. Maximum allowable inlet air restriction. 
III. Fuel System. 
1. General. 
a. Engine idle speed. 
b. Engine idle mixture. 
2. Carburetion. 
a. Air-fuel flow calibration. 
b. Idle mixture. 
c. Transient enrichment system calibra-

tion. 
d. Starting enrichment system calibration. 
e. Altitude compensation system calibra-

tion. 
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f. Hot idle compensation system calibra-
tion. 

3. Fuel injection for spark-ignition en-
gines. 

a. Control parameters and calibrations. 
b. Idle mixture. 
c. Fuel shutoff system calibration. 
d. Starting enrichment system calibration. 
e. Transient enrichment system calibra-

tion. 
f. Air-fuel flow calibration. 
g. Altitude compensation system calibra-

tion. 
h. Operating pressure(s). 
i. Injector timing calibration. 
4. Fuel injection for compression-ignition 

engines. 
a. Control parameters and calibrations. 
b. Transient enrichment system calibra-

tion. 
c. Air-fuel flow calibration. 
d. Altitude compensation system calibra-

tion. 
e. Operating pressure(s). 
f. Injector timing calibration. 
IV. Ignition System for Spark-ignition En-

gines. 
1. Control parameters and calibration. 
2. Initial timing setting. 
3. Dwell setting. 
4. Altitude compensation system calibra-

tion. 
5. Spark plug voltage. 
V. Engine Cooling System—thermostat 

calibration. 
VI. Exhaust System—maximum allowable 

back pressure. 
VII. System for Controlling Exhaust Emis-

sions. 
1. Air injection system. 
a. Control parameters and calibrations. 
b. Pump flow rate. 
2. EGR system. 
a. Control parameters and calibrations. 
b. EGR valve flow calibration. 
3. Catalytic converter system. 
a. Active surface area. 
b. Volume of catalyst. 
c. Conversion efficiency. 
4. Backpressure. 
VIII. System for Controlling Crankcase 

Emissions. 
1. Control parameters and calibrations. 
2. Valve calibrations. 
IX. Auxiliary Emission Control Devices 

(AECD). 
1. Control parameters and calibrations. 
2. Component calibration(s). 
X. System for Controlling Evaporative 

Emissions. 
1. Control parameters and calibrations. 
2. Fuel tank. 
a. Volume. 
b. Pressure and vacuum relief settings. 
XI. Warning Systems Related to Emission 

Controls. 
1. Control parameters and calibrations. 

2. Component calibrations. 

APPENDIX III TO PART 1068—HIGH- 
ALTITUDE COUNTIES 

In some cases the standard-setting part in-
cludes requirements or other specifications 
that apply for high-altitude counties. The 
following counties have substantial popu-
lated areas above 4,000 feet above sea level 
and are therefore considered to be high-alti-
tude counties: 

STATE OF ARIZONA 

Apache 
Cochise 
Coconino 
Navajo 
Yavapai 

STATE OF COLORADO 

Adams 
Alamosa 
Arapahoe 
Archuleta 
Boulder 
Chaffee 
Cheyenne 
Clear Creek 
Conejos 
Costilla 
Crowley 
Custer 
Delta 
Denver 
Dolores 
Douglas 
Eagle 
Elbert 
El Paso 
Fremont 
Garfield 
Gilpin 
Grand 
Gunnison 
Hinsdale 
Huerfano 
Jackson 
Jefferson 
Kit Carson 
Lake 
La Plata 
Larimer 
Las Animas 
Lincoln 
Mesa 
Mineral 
Moffat 
Montezuma 
Montrose 
Morgan 
Otero 
Ouray 
Park 
Pitkin 
Pueblo 
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Rio Blanco 
Rio Grande 
Routt 
Saguache 
San Juan 
San Miguel 
Summit 
Teller 
Washington 
Weld 

STATE OF IDAHO 

Bannock 
Bear Lake 
Bingham 
Blaine 
Bonneville 
Butte 
Camas 
Caribou 
Cassia 
Clark 
Custer 
Franklin 
Fremont 
Jefferson 
Lemhi 
Madison 
Minidoka 
Oneida 
Power 
Teton 
Valley 

STATE OF MONTANA 

Beaverhead 
Deer Lodge 
Gallatin 
Jefferson 
Judith Basin 
Powell 
Madison 
Meagher 
Park 
Silver Bow 
Wheatland 

STATE OF NEBRASKA 

Banner 
Cheyenne 
Kimball 
Sioux 

STATE OF NEVADA 

Carson City 
Douglas 
Elko 
Esmeralda 
Eureka 
Humboldt 
Lander 
Lincoln 
Lyon 
Mineral 
Nye 
Pershing 

Storey 
Washoe 
White Pine 

STATE OF NEW MEXICO 

Bernalillo 
Catron 
Colfax 
Curry 
De Baca 
Grant 
Guadalupe 
Harding 
Hidalgo 
Lincoln 
Los Alamos 
Luna 
McKinley 
Mora 
Otero 
Rio Arriba 
Roosevelt 
Sandoval 
San Juan 
San Miguel 
Santa Fe 
Sierra 
Socorro 
Taos 
Torrance 
Union 
Valencia 

STATE OF OREGON 

Harney 
Lake 
Klamath 

STATE OF TEXAS 

Jeff Davis 
Judspeth 
Parmer 

STATE OF UTAH 

Beaver 
Box Elder 
Cache 
Carbon 
Daggett 
Davis 
Duchesne 
Emery 
Garfield 
Grand 
Iron 
Juab 
Kane 
Millard 
Morgan 
Piute 
Rich 
Salt Lake 
San Juan 
Sanpete 
Sevier 
Summit 
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Tooele 
Uintah 
Utah 
Wasatch 
Wayne 
Weber 

STATE OF WYOMING 

Albany 
Campbell 
Carbon 
Converse 
Fremont 
Goshen 
Hot Springs 
Johnson 
Laramie 
Lincoln 
Natrona 
Niobrara 
Park 
Platte 
Sublette 
Sweetwater 
Teton 
Uinta 
Washakie 
Weston 

PART 1074—PREEMPTION OF STATE 
STANDARDS AND PROCEDURES 
FOR WAIVER OF FEDERAL PRE-
EMPTION FOR NONROAD EN-
GINES AND NONROAD VEHI-
CLES 

Subpart A—Applicability and General 
Provisions 

Sec. 
1074.1 Applicability. 
1074.5 Definitions. 
1074.10 Scope of preemption. 
1074.12 Scope of preemption—specific provi-

sions for locomotives and locomotive en-
gines 

Subpart B—Procedures for Authorization 

1074.101 Procedures for California nonroad 
authorization requests. 

1074.105 Criteria for granting authorization. 
1074.110 Adoption of California standards by 

other states. 
1074.115 Relationship of federal and state 

standards. 

AUTHORITY: 42 U.S.C. 7401–7671q. 

SOURCE: 73 FR 59379, Oct. 8, 2008, unless 
otherwise noted. 

Subpart A—Applicability and 
General Provisions 

§ 1074.1 Applicability. 
The requirements of this part apply 

with respect to state and local stand-
ards and other requirements relating 
to the control of emissions from 
nonroad engines and nonroad vehicles. 

§ 1074.5 Definitions. 
The definitions in this section apply 

to this part. As used in this part, all 
undefined terms have the meaning the 
Act gives to them. The definitions fol-
low: 

Act means the Clean Air Act, as 
amended, 42 U.S.C. 7401–7671q. 

Administrator means the Adminis-
trator of the Environmental Protection 
Agency and any authorized representa-
tives. 

Commercial means an activity en-
gaged in as a vocation. 

Construction equipment or vehicle 
means any internal combustion engine- 
powered machine primarily used in 
construction and located on commer-
cial construction sites. 

Engine used in a locomotive means ei-
ther an engine placed in a locomotive 
to move other equipment, freight, or 
passenger traffic, or an engine mounted 
on a locomotive to provide auxiliary 
power. 

Farm equipment or vehicle means any 
internal combustion engine-powered 
machine primarily used in the com-
mercial production and/or commercial 
harvesting of food, fiber, wood, or com-
mercial organic products or for the 
processing of such products for further 
use on the farm. 

Locomotive means a piece of equip-
ment meeting the definition of loco-
motive in 40 CFR 1033.901 that is pro-
pelled by a nonroad engine. 

New has the following meanings: 
(1) For locomotives, new has the 

meaning given in 40 CFR 1033.901. 
(2) For engines used in locomotives, 

new means an engine incorporated in 
(or intended to be incorporated in) in a 
new locomotive. 

(3) For other nonroad engines and 
equipment, new means a domestic or 
imported nonroad engine or nonroad 
vehicle the equitable or legal title to 
which has never been transferred to an 
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ultimate purchaser. Where the equi-
table or legal title to an engine or vehi-
cle is not transferred to an ultimate 
purchaser until after the engine or ve-
hicle is placed into service, then the 
engine or vehicle will no longer be new 
once it is placed into service. A 
nonroad engine or vehicle is placed 
into service when it is used for its func-
tional purposes. This paragraph (3) 
does not apply to locomotives or en-
gines used in locomotives. 

Nonroad engine has the meaning 
given in 40 CFR 1068.30 

Primarily used means used 51 percent 
or more. 

States and localities means any or all 
of the states, commonwealths, and ter-
ritories in the United States including 
the District of Columbia and any or all 
of their political subdivisions. 

Ultimate purchaser means the first 
person who in good faith purchases a 
new nonroad engine or new nonroad ve-
hicle or equipment for purposes other 
than resale. 

United States has the meaning given 
in 40 CFR 1068.30. 

§ 1074.10 Scope of preemption. 

(a) States and localities are pre-
empted from adopting or enforcing 
standards or other requirements relat-
ing to the control of emissions from 
new engines smaller than 175 horse-
power that are primarily used in farm 
or construction equipment or vehicles, 
as defined in this part. For equipment 
that is used in applications in addition 
to farming or construction activities, if 
the equipment is primarily used as 
farm and/or construction equipment or 
vehicles (as defined in this part), it is 
considered farm or construction equip-
ment or vehicles. 

(b) For nonroad engines or vehicles 
other than those described in para-
graph (a) of this section and § 1074.12, 
States and localities are preempted 
from enforcing any standards or other 
requirements relating to control of 
emissions from nonroad engines or ve-
hicles except as provided in subpart B 
of this part. 

§ 1074.12 Scope of preemption-specific 
provisions for locomotives and loco-
motive engines 

(a) States and localities are pre-
empted from adopting or enforcing 
standards or other requirements relat-
ing to the control of emissions from 
new locomotives and new engines used 
in locomotives. 

(b) During a period equivalent in 
length to 133 percent of the useful life, 
expressed as MW-hrs (or miles where 
applicable), beginning at the point at 
which the locomotive or engine be-
comes new, those standards or other 
requirements which are preempted in-
clude, but are not limited to, the fol-
lowing: emission standards, mandatory 
fleet average standards, certification 
requirements, retrofit and aftermarket 
equipment requirements, and non-
federal in-use testing requirements. 
The standards and other requirements 
specified in the preceding sentence are 
preempted whether applicable to new 
or other locomotives or locomotive en-
gines. 

Subpart B—Procedures for 
Authorization 

§ 1074.101 Procedures for California 
nonroad authorization requests. 

(a) California must request author-
ization from the Administrator to en-
force its adopted standards and other 
requirements relating to control of 
emissions from nonroad engines or ve-
hicles that are not preempted by 
§ 1074.10(a) or § 1074.12. The request must 
include the record on which the state 
rulemaking was based. 

(b) After receiving the authorization 
request, the Administrator will provide 
notice and opportunity for a public 
hearing regarding such requests. 

§ 1074.105 Criteria for granting au-
thorization. 

(a) The Administrator will grant the 
authorization if California determines 
that its standards will be, in the aggre-
gate, at least as protective of public 
health and welfare as otherwise appli-
cable federal standards. 

(b) The authorization will not be 
granted if the Administrator finds that 
any of the following are true: 
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(1) California’s determination is arbi-
trary and capricious. 

(2) California does not need such 
standards to meet compelling and ex-
traordinary conditions. 

(3) The California standards and ac-
companying enforcement procedures 
are not consistent with section 209 of 
the Act (42 U.S.C. 7543). 

(c) In considering any request from 
California to authorize the state to 
adopt or enforce standards or other re-
quirements relating to control of emis-
sions from new nonroad spark-ignition 
engines smaller than 50 horsepower, 
the Administrator will give appro-
priate consideration to safety factors 
(including the potential increased risk 
of burn or fire) associated with compli-
ance with the California standard. 

§ 1074.110 Adoption of California 
standards by other states. 

(a) Except as described in paragraph 
(b) of this section, any state other than 
California that has plan provisions ap-
proved under Part D of Title I of the 
Act (42 U.S.C. 7501 to 7515) may adopt 
and enforce emission standards for any 
period for nonroad engines and vehicles 
subject to the following requirements: 

(1) The state must provide notice to 
the Administrator that it has adopted 
such standards. 

(2) Such standards may not apply to 
new engines smaller than 175 horse-
power that are used in farm or con-
struction equipment or vehicles, or to 

new locomotives or new engines used in 
locomotives. 

(3) Such standards and implementa-
tion and enforcement must be iden-
tical, for the period concerned, to the 
California standards authorized by the 
Administrator. 

(4) The state must adopt such stand-
ards at least two years before the 
standards first take effect. 

(5) California must have adopted such 
standards two years before the stand-
ards first take effect in the state that 
is adopting them under this section. 

(b) States and localities, other than 
the State of California, may not adopt 
or attempt to enforce any standard or 
other requirement applicable to the 
control of emissions from spark-igni-
tion engines smaller than 50 horse-
power, except standards or other re-
quirements that were adopted by that 
state before September 1, 2003. 

§ 1074.115 Relationship of federal and 
state standards. 

If state standards apply to a new 
nonroad engine or vehicle pursuant to 
authorization granted under section 209 
of the Act (42 U.S.C. 7543), compliance 
with such state standards will be treat-
ed as compliance with the otherwise 
applicable standards of this chapter for 
engines or vehicles introduced into 
commerce in that state. 

PARTS 1075–1099 [RESERVED] 
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