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Subpart D—Emission Regulations 
for New Gasoline-Fueled and 
Diesel-Fueled Heavy-Duty En-
gines; Gaseous Exhaust Test 
Procedures 

AUTHORITY: Secs. 202, 206, 207, 208, 301(a), 
Clean Air Act, as amended (42 U.S.C. 1857f–1, 
1857f–5, 1857f–5a, 1857f–6, 1857g(a)). 

SOURCE: 42 FR 45154, Sept. 8, 1977, unless 
otherwise noted. 

§ 86.301–79 Scope; applicability. 
This subpart contains gaseous emis-

sion test procedures for gasoline-fueled 
and Diesel heavy-duty engines. It ap-
plies to 1979 and later model years. 

§ 86.302–79 Definitions. 
The definitions in §§ 86.077–2, 86.078–2, 

and 86.079–2 apply to this subpart. 

§ 86.303–79 Abbreviations. 
The abbreviations in § 86.078–3 apply 

to this subpart. 

§ 86.304–79 Section numbering; con-
struction. 

(a) The model year of initial applica-
bility is indicated by the section num-
ber. The two digits following the hy-
phen designate the first model year for 
which a section is effective. A section 
remains effective until superseded. 

Example: Section 86.311–79 applies to the 
1979 and subsequent model years until super-
seded. If a § 86.311–81 is promulgated it would 
take effect beginning with the 1981 model 
year; § 86.311–79 would apply to model years 
1979 and 1980. 

(b) A section reference without a 
model year suffix refers to the section 
applicable for the appropriate model 
year. 

(c) Unless indicated, all provisions in 
this subpart apply to both gasoline- 
fueled and Diesel heavy-duty engines. 

§ 86.305–79 Introduction; structure of 
subpart. 

(a) This subpart describes the equip-
ment required and the procedures to 
follow in order to perform exhaust 
emission tests on gasoline-fueled and 
Diesel heavy-duty engines. Subpart A 
sets forth the testing requirements and 
test intervals necessary to comply with 
EPA certification procedures. 

(b) Four topics are addressed in this 
subpart. Sections 86.306 through 86.318 
set forth specifications and equipment 
requirements; §§ 86.319 through 86.333 
discuss calibration methods and fre-
quency; test procedures and data re-
quirements are listed (in approxi-
mately chronological order) in §§ 86.334 
through 86.343; and calculation for-
mulas are found in §§ 86.344 and 86.345. 
Alternative procedures and calcula-
tions are set forth in §§ 86.346 and 86.347. 

§ 86.306–79 Equipment required and 
specifications; overview. 

(a) This subpart contains procedures 
for both gasoline-fueled and Diesel en-
gine gaseous emission tests. Generally, 
the equipment required is identical for 
both types of engines. Equipment re-
quired and specifications are found in 
§§ 86.307 through 86.318. 

(b) Some analyzer specifications refer 
to calibration checks found in §§ 86.320 
through 86.332. 

§ 86.307–82 Fuel specifications. 

(a) Gasoline. (1) Gasoline having the 
following specifications will be used by 
the Administrator in exhaust emission 
testing. Gasoline having the following 
specifications or substantially equiva-
lent specifications approved by the Ad-
ministrator shall be used by the manu-
facturer in exhaust testing, except that 
the lead and octane specifications do 
not apply. 

Item designation ASTM Leaded Unleaded 

Octane, research, minimum .................................................... D2699 .............................................. 100 96 
PB (organic), grams/U.S. gallon ............................................. .......................................................... 1 1.4 0.00–0.05 
Distillation Range: 

IBP, °F ............................................................................. D86 .................................................. 75–95 75–95 
10 pct point, °F ................................................................ D86 .................................................. 120–135 120–135 
50 pct point, °F ................................................................ D86 .................................................. 200–230 200–230 
90 pct point, °F ................................................................ D86 .................................................. 300–325 300–325 
EP, °F (maximum) ........................................................... D86 .................................................. 415 415 

Sulfur, weight percent, maximum ........................................... D1266 .............................................. 0.10 0.10 
Phosphorus, grams/U.S. gallon, maximum ............................ .......................................................... 0.01 0.005 
RVP pounds per square inch ................................................. D323 ................................................ 8.0–9.2 8.0–9.2 
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Item designation ASTM Leaded Unleaded 

Hydrocarbon composition: 
Olefins, percent, maximum .............................................. D1319 .............................................. 10 10 
Aromatics, percent maximum .......................................... D1319 .............................................. 35 35 
Saturates .......................................................................... D1319 .............................................. (2) (2) 

1 Minimum. 2 Remainder. 

(2) Gasoline representative of com-
mercial gasoline which will be gen-
erally available through retail outlets 
shall be used in service accumulation. 
For leaded fuel the minimum lead con-
tent shall be equal to the average lead 
content found in regular leaded gaso-
line in the fuel survey prescribed by 
the Administrator. Where the Adminis-
trator determines that engines rep-
resented by a test engine will be oper-
ated using gasoline of different lead 
content from that prescribed in this 
paragraph, he may consent in writing 
to use of a gasoline with a different 
lead content. The octane rating of the 
gasoline used shall be no higher than 
4.0 research octane numbers above the 
minimum recommended by the manu-
facturer and have a minimum sensi-
tivity of 7.5 octane numbers for un-

leaded fuel and 7.0 octane numbers for 
leaded fuel, where sensitivity is defined 
as research octane number minus 
motor octane number. 

(b) Diesel Fuel. (1) The diesel fuels 
employed for testing shall be clean and 
bright, with pour and cloud points ade-
quate for operability. The diesel fuel 
may contain nonmetallic additives as 
follows: Cetane improver, metal deacti-
vator, antioxident, dehazer, antirust 
pour depressant, dye, and dispersant. 

(2) Diesel fuel meeting the following 
specifications, or substantially equiva-
lent specifications approved by the Ad-
ministrator, shall be used in exhaust 
emissions testing. The grade of diesel 
fuel recommended by the engine manu-
facturer commercially designated as 
‘‘Type 1–D’’ or ‘‘Type 2–D’’, shall be 
used. 

Item ASTM test method No. Type 1–D Type 2–D 

Cetane Number ....................................................................... D613, D86 ....................................... 48–54 42–50 
Distillation range: 

IBP, °F ............................................................................. .......................................................... 330–390 340–400 
10 percent point, °F ......................................................... .......................................................... 370–430 400–460 
50 percent point, °F ......................................................... .......................................................... 410–480 470–540 
90 percent point, °F ......................................................... .......................................................... 460–520 550–610 
EP, °F .............................................................................. .......................................................... 500–560 580–660 

Gravity, °AP1 .......................................................................... D287 ................................................ 40–44 33–37 
Total sulfur, percent ................................................................ D129 or D2622 ................................ 0.05–0.02 0.2–0.5 
Hydrocarbon composition ....................................................... D1319 .............................................. .................... ....................
Aromatics, percent (minimum ................................................. .......................................................... 1 8 1 27 
Paraffins, naphthenes, olefins ................................................ .......................................................... (2) (2) 
Flashpoint, °F (minimum) ........................................................ D93 .................................................. 120 130 
Viscosity, centistokes .............................................................. D445 ................................................ 1.6–2.0 2.0–3.2 

1 Minimum. 
2 Remainder. 

(3) Diesel fuel meeting the following 
specifications, or substantially equiva-
lent specifications approved by the Ad-
ministrator, shall be used in service ac-
cumulation. The grade of diesel fuel 

recommended by the engine manufac-
turer, commercially designated as 
‘‘Type 1–D’’ or ‘‘Type 2–D’’, shall be 
used. 

Item ASTM test method No. Type 1–D Type 2–D 

Cetane (minimum) .................................................................. D613 ................................................ 42–56 38–58 
Distillation range 90 pct point, °F ........................................... D86 .................................................. 440–530 540–630 
Gravity, °AP1 .......................................................................... D287 ................................................ 39–45 30–42 
Total sulfur, percent ................................................................ D129 or D2622 ................................ 0.05 0.2 
Flashpoint, °F (minimum) ........................................................ D96 .................................................. 120 130 
Viscosity, centistokes .............................................................. D445 ................................................ 1.2–2.2 1.5–4.5 

1 Minimum. 
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(4) Other petroleum distillate fuels 
may be used for testing and service ac-
cumulation provided: 

(i) They are commercially available; 
(ii) Information, acceptable to the 

Administrator, is provided to show 
that only the designated fuel would be 
used in customer service; 

(iii) Use of a fuel listed under para-
graphs (b) (2) and (3) of this section 
would have a detrimental effect on 
emissions or durability; and 

(iv) Written approval from the Ad-
ministrator of the fuel specifications 
was provided prior to the start of test-
ing. 

(5) The specification range of the 
fuels to be used under paragraphs (b) 
(2), (3), and (4) of this section shall be 
reported in accordance with § 86.082– 
21(b)(3). 

(c) Fuels not meeting the specifica-
tions set forth in this section may be 
used only with the advance approval of 
the Administrator. 

[46 FR 50494, Oct. 13, 1981, and 47 FR 49807, 
Nov. 2, 1982] 

§ 86.308–79 Gas specifications. 
(a) Analyzer gases. (1) Calibration 

gases for the CO and CO2 analyzers 
shall have zero grade nitrogen as a dil-
uent. Combined CO and CO2 span gases 
are permitted. Zero grade nitrogen 
shall be the diluent for CO and CO2 
span gases. 

(2) Calibration or span gases for the 
hydrocarbon analyzer shall be propane 
with zero-grade nitrogen as a diluent 
when testing gasoline-fueled engines. 
For Diesel engine tests the diluent 
shall be zero-grade air. 

(3) Calibration or span gases for the 
NOX analyzer shall be NO named as 
NOX with a maximum NO2 concentra-
tion of 5 percent of the nominal value. 
Zero-grade nitrogen shall be the dil-
uent. 

(4) Zero-grade gases for hydrocarbon 
analyzers shall be nitrogen when test-
ing gasoline-fueled engines and air 
when testing Diesel engines. 

(5) Zero-grade gases for the carbon 
monoxide, carbon dioxide and oxides of 
nitrogen analyzers shall be either zero- 
grade air or zero-grade nitrogen. 

(6) The allowable zero grade gas (air 
or nitrogen) impurity concentrations 
shall not exceed 2 ppmC hydrocarbon, 

10 ppm carbon monoxide, 400 ppm car-
bon dioxide and 1 ppm nitric oxide. 

(7) ‘‘Zero-grade air’’ includes artifi-
cial ‘‘air’’ consisting of a blend of ni-
trogen and oxygen with oxygen con-
centrations between 18 and 21 mole per-
cent. 

(b) Calibration gas. Calibration gas 
values are to be derived from NBS 
‘‘Standard Reference Materials’’ 
(SRM’s) or other gas standards ap-
proved by the Administrator. The un-
certainty of the assigned calibration 
gas values shall not exceed 2.0 percent 
of the assigned value. The uncertainty 
is defined as the sum of the precision 
errors (at the 90 percent confidence 
level) and the bias errors. Precision 
and bias errors apply to both the equip-
ment and the derivation procedures. 

(c) Span gas. Span gas values are to 
be derived from NBS ‘‘Standard Ref-
erence Materials’’ (SRM’s) or other gas 
standards approved by the Adminis-
trator. The uncertainty of the assigned 
calibration gas values shall not exceed 
3.0 percent of the assigned value. The 
uncertainty is defined as the sum of 
the precision errors (at the 90 percent 
confidence level) and the bias errors. 
Precision and bias errors apply to both 
the equipment and the derivation pro-
cedures. 

(d) Hydrocarbon analyzer fuel—(1) The 
fuel shall contain 40 ±2 percent hydrogen. 
The balance shall be helium. The mix-
ture shall contain less than 2 ppmC hy-
drocarbon. 

(2) Alternate pure hydrogen fuel. Some 
HFID’s are designed to operate on pure 
hydrogen. Generally the HFID fuel is 
incompatible with good relative hydro-
carbon response. 

(i) For Diesel engines this fuel is not 
recommended. However, this fuel may 
be used if the engine manufacturer 
demonstrates, on each basic combus-
tion system (i.e., 4 cycle DI, 2 cycle DI, 
4 cycle pre-cup, etc.) that an HFID 
using this fuel produces comparable re-
sults to an HFID using 40% H2/60% He 
fuel. These data must be submitted to 
and approved by the Administrator 
prior to testing. Pure H2 fuel, that may 
be allowed for testing, must contain at 
least 99.0 percent hydrogen and contain 
less than 2 ppmC hydrocarbon. 
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(ii) For gasoline-fueled engines, pure 
hydrogen fuel for the HFID is not al-
lowed. 

(e) Hydrocarbon analyzer burner air. 
The concentration of oxygen must be 
within 1 mole percent of the oxygen 
concentration of the burner air used in 
the latest oxygen interference check 
(%O2 I). If the difference in oxygen con-
centration is greater than 1 mole per-
cent, then the oxygen interference 
must be checked and the analyzer ad-
justed if necessary, to meet the %O2 I 
requirements. The burner air must con-
tain less than 2 ppmC hydrocarbon. 

(f) Oxygen interference check gases 
shall contain propane with 350 ppmC 
±75 ppmC hydrocarbon. The concentra-
tion value shall be determined to cali-
bration gas tolerances by 
chromatographic analysis of total hy-
drocarbons plus impurities or by dy-
namic blending. Nitrogen shall be the 
predominant diluent with the balance 
oxygen. Blends required for gasoline- 
fueled and Diesel engine testing are as 
follows: 

Applicability O2 concentration (per-
cent) Balance 

Diesel ........................... 21 (20 to 22) ............... N2 
Diesel and gasoline ..... 10 (9 to 11) ................ N2 

Do ......................... 5 (4 to 6) ..................... N2 
Gasoline ....................... 0 (0 to 1) ..................... N2 

(g) Proportioning and blending de-
vices may be used to obtain required 
gas concentration. 

[42 FR 45154, Sept. 8, 1977, as amended at 46 
FR 50495, Oct. 13, 1981; 47 FR 49807, Nov. 2, 
1982] 

§ 86.309–79 Sampling and analytical 
system; schematic drawing. 

(a) Any variation from the specifica-
tions in this subpart including per-
formance specifications and emission 
detection methods may be used only 
with prior approval by the Adminis-
trator. 

(b) Schematic drawing. (1) An example 
of a sampling and analytical system 
which may be used for testing under 
this subpart is shown in Figure D79–1. 
All components or parts of components 

that are wetted by the sample or corro-
sive calibration gases shall be either 
chemically cleaned stainless steel or 
inert material, e.g. polytetrafluoro-
ethylene resin. The use of ‘‘gauge sav-
ers’’ or ‘‘protectors’’ with nonreactive 
diaphragms to reduce dead volumes is 
permitted. The specific detection 
methods to be used for each exhaust 
component can be found in § 86.316 for 
CO. § 86.317 for HC, and § 86.318 for NOX. 
Additional components such as instru-
ments, valves, solenoids, pumps, 
switches, etc. may be employed to pro-
vide additional information and coordi-
nate the functions of the component 
systems. 

(2) The following requirements must 
be incorporated in each system used for 
testing under this subpart. 

(i) All analyzers must obtain the 
sample to be analyzed from the same 
sample line. 

(ii) The sample transport system 
from the engine exhaust pipe to the HC 
analyzer and the NOX analyzer must be 
heated as is indicated in Figure D79–1. 

(iii) Carbon monoxide and carbon di-
oxide measurements must be made on a 
dry basis. Specific requirements for the 
means of drying the sample can be 
found in § 86.309 (b)(5) and § 86.311(e). 

(iv) All NDIR analyzers must have a 
pressure gauge immediately down-
stream of the analyzer. The gauge tap 
must be within 2 inches of the analyzer 
exit port. Gauge specifications can be 
found in § 86.309(b)(3). 

(v) All bypass and analyzer flows 
exiting the analysis system must be 
measured. Capillary flows such as in 
HFID and CL analyzers are excluded. 
For each ND IR analyzer with a flow 
meter located upstream of the ana-
lyzer, an upstream pressure gauge 
must be used. The gauge tap must be 
within 2 inches of the analyzer en-
trance port. 

(vi) Calibration or span gases for the 
NOX measurement system must pass 
through the NO2 to NO converter. 

(vii) The temperature of the NO2 to 
NO converter must be displayed con-
tinuously. 
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(c) System components list. The fol-
lowing is a list of components shown in 
Fig. D79–1 by numeric identifier. 

(1) Filters. Glass fiber filter paper is 
permitted for F1, F2, and F3. Optional 
filter F4 is a coarse filter for large par-
ticulates. 
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(i) F1—Fine particulate filter. 
(ii) F2—Fine particulate filter. 
(iii) F3—Fine heated particulate fil-

ter. 
(iv) F4—Coarse heated particulate fil-

ter. 
(2) Flowmeters. (i) Flowmeters FL 1 

and FL 2 indicate sample flow rates 
through the CO and CO2 analyzers. 

(ii) Flowmeters FL 3, FL 4, FL 5, and 
FL 6 indicate bypass flow rates. 

(3) Gauges. Downstream gauges are 
required for any system used for test-
ing under this subpart. Upstream 
gauges may be required under this sub-
part per § 86.309(b)(2)(v). 

(i) Upstream gauges G1 and G2 meas-
ure the input to the CO and CO2 ana-
lyzers. 

(ii) Downstream gauges G3 and G4 
measure the exit pressure of the CO 
and CO2 analyzers. If the normal oper-
ating range of the downstream gauges 
is less than 3 inches of water, then the 
downstream gauges must be capable of 
reading both pressure and vacuum. 

(4) Pressure gauges. (i) P1—bypass 
pressure. 

(ii) P2, P3, P4 and P5—sample or span 
pressure at inlet to flow control valves. 

(5) Water traps. Water traps WT1, and 
WT2 to remove water from the sample. 
A water trap performing the function 
of WT1 and meeting the specifications 
in § 86.311(e) is required for any system 
used for testing under this subpart. 
Chemical dryers are not an acceptable 
method of removing the water. Water 
removal by condensation is acceptable. 
Means other than condensation may be 
used only with prior approval from the 
Administrator. 

(6) Regulators. (i) R1, R3, R4, and R6— 
linepressure regulators to control span 
pressure at inlet to flow control valves. 

(ii) R2 and R5—back presssure regu-
lators to control sample pressure at 
inlet to flow control valves. 

(7) Valves. (i) V1, V7, V8, and V14—se-
lector valves to select zero or calibra-
tion gases. 

(ii) V2—optional heated selector 
valve to purge the sample probe, per-
form leak checks, or to perform hang- 
up checks. 

(iii) V3 and V5—Selector valves to se-
lect sample or span gases. 

(iv) V4, V6, and V15—flow control 
valves. 

(v) V9 and V13—heated selector valve 
to select sample or span gases. 

(vi) V10 and V12—heated flow control 
valves. 

(vii) VII—Selector valve to select 
NOX or bypass mode in the 
chemiluminescence analyzer. 

(viii) V16—heated selector valve to 
perform leak checks. 

(8) Pump. Sample transfer pump to 
transport sample to analyzers. 

(9) Temperature sensor. A temperature 
sensor (T1) to measure the NO2 to NO 
converter temperature is required for 
any system used for testing under this 
subpart. 

(10) Dryer. Dryers D1 and D2 to re-
move the water from the bypass flows 
to prevent condensation in flowmeters 
FL3, FL4, and FL6. 

§ 86.310–79 Sampling and analytical 
system; component specifications. 

(a) Temperature. (1) For gasoline- 
fueled engines any heated component; 

(i) In the HC sample path must be 
maintained above 110 °C (230 °F) and 
shall not exceed 230 °C (446 °F). 

(ii) In the NOX sample path must be 
maintained above 60 °C (140 °F) and 
shall not exceed 230 °C (446 °F). 

(2) For Diesel engines any heated com-
ponent; 

(i) In the HC sample path must be 
maintained above 180 °C (356 °F) and 
shall not exceed 230 °C (446 °F). 

(ii) In the NOX sample path must be 
maintained above 60 °C (140 °F) and 
shall not exceed 230 °C (446 °F). 
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(3) The sample line outside wall tem-
perature must be maintained at the 
temperature specified in this para-
graph. An exception is made for the 
first 4 feet of sample line from the ex-
haust duct. The upper temperature tol-
erance for this 4 foot section is waived 
and only the minimum temperature 
specification applies. 

(b) Sample probe. (1) The sample probe 
shall be a straight, closed end, stain-
less steel, multi-hole probe. The Inside 
Diameter (I.D.) shall not be greater 
than the I.D. of the sample line (=.010 
in.). The wall thickness of the probe 
shall not be greater than .040 inch. The 
fitting that attaches the probe to the 
exhaust pipe shall be as small as prac-
tical in order to minimize heat loss 
from the probe. 

(2) There shall be a minimum of three 
holes in the probe. The spacing of the 

radial planes for each hole in the probe 
must be such that they cover approxi-
mately equal cross-sectional areas of 
the exhaust duct. The angular spacing 
of the holes must be approximately 
equal. The angular spacing of any two 
holes in one plane may not be 180° ±20° 
(i.e., section C-C of Figure D79–2). The 
holes should be sized such that each 
has approximately the same flow. If 
only three holes are used, they may 
not all be in the same radial plane. See 
Figure D79–2. 

(3) The probe shall extend radially 
across the exhaust duct. The probe 
must pass through the approximate 
center and must extend across at least 
80 percent of the diameter of the duct. 

(c) Sample transfer. (1) The maximum 
I.D. of the sample line shall not exceed 
0.52 inch. 
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(2) If valve V2 is used, the sample 
probe must connect directly to valve 
V2. The location of optional valve V2 
may not be greater than 4 feet from the 
exhaust duct. 

(3) The location of optional valve V16 
may not be greater than 24 inches from 
the sample pump. The leakage rate for 
this section on the pressure side of the 
sample pump may not exceed the leak-
age rate specification for the vacuum 
side of the pump. 

(d) Venting. All vents including ana-
lyzer vents, bypass flow, and pressure 
relief vents of regulators should be 
vented in such a manner to avoid en-
dangering personnel in the immediate 
area. 

[42 FR 45154, Sept. 8, 1977, as amended at 46 
FR 50495, Oct. 13, 1981, and 47 FR 49807, Nov. 
2, 1982] 

§ 86.311–79 Miscellaneous equipment; 
specifications. 

(a) Chart recorders. (1) The minimum 
chart speed allowed is 3 inches per 
minute for gasoline-fueled engines and 
0.5 inches per minute for Diesel en-
gines. 

(2) When testing gasoline-fueled en-
gines all chart recorders (analyzers, 
torque, rpm, etc.) shall be provided 
with Automatic markers which indi-
cate one second intervals. Preprinted 
chart paper (one second intervals) may 
be used in lieu of the automatic mark-
ers provided the correct chart speed is 
used. 

(b) Accuracy of temperature measure-
ments. (1) The following temperature 
measurements shall be accurate to 
within 1.2 °C: 

(i) Temperature measurements used 
in calculating the engine intake hu-
midity: 

(ii) The temperature of the fuel in 
volume measuring flow rate devices; 

(iii) The temperature of the sample 
within the water trap(s). 

(2) All other temperature measure-
ments shall be accurate within 2.5 °C. 

(c) Intake air humidity and temperature 
measurements. (1) Humidity conditioned 
air supply. Air that has had its abso-
lute humidity altered is considered hu-
midity-conditioned air. For this type of 
intake air supply, the humidity meas-
urements must be made within the in-

take air supply system, and after the 
humidity conditioning has taken place. 

(2) Nonconditioned air supply. Humid-
ity measurements in non-conditioned 
intake air supply systems must be 
made in the intake air stream entering 
the supply system. Alternatively, the 
humidity measurements can be meas-
ured within the intake air supply 
stream. 

(3) Engine intake air temperature 
measurement must be made within 48 
inches of the engine. The measurement 
location must be made either in the 
supply system or in the air stream en-
tering the supply system. 

(d) Sample component surface tempera-
ture. For each component (pump, sam-
ple line section, filters, etc.) in the 
heated portion of the sampling system 
that has a separate source of power or 
heating element, use engineering judg-
ment to locate the coolest portion of 
that component and monitor the tem-
perature at that location. If several 
components are within an oven, then 
only the surface temperature of the 
component with the largest thermal 
mass and the oven temperature need be 
measured. 

(e) If water is removed by condensa-
tion, the sample gas temperature or 
sample dew point must be monitored 
either within the water trap or down-
stream. It may not exceed 7 °C (45 °F). 

[42 FR 45154, Sept. 8, 1977, as amended at 46 
FR 50495, Oct. 13, 1981; 47 FR 49807, Nov. 2, 
1982] 

§ 86.312–79 Dynamometer and engine 
equipment specifications. 

(a) Dynamometer. (1) The dynamom-
eter test stand and other instruments 
for measurement of power output shall 
be accurate to within 2 percent of point 
at all power settings above 10 percent 
of full-scale. Below 10 percent of full- 
scale the accuracy shall be within 5 
percent of point. The dynamometer 
must be capable of performing the test 
cycle described in § 86,335 or § 86.336. 
Dynamometers used for testing gaso-
line-fueled engines must have suffi-
cient motoring capability to meet the 
test requirements. A 60-tooth wheel in 
combination with a frequency counter 
shall be considered an absolute stand-
ard for engine speed. 
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(2) Dynamometer calibration weights. A 
minimum of 6 calibration weights for 
each range used are required. The 
weights must be equally spaced and 
traceable to within 0.5 percent of NBS 
weights. Laboratories located in for-
eign countries may certify calibration 
weights to local government bureau 
standards. 

(b) Engine cooling. Means of engine 
cooling which will maintain the engine 
operating temperatures (e.g., intake 
air, oil, water, etc.) at approximately 
the same temperature as specified by 
the manufacturer shall be used. Auxil-
iary fan(s) may be used to maintain en-
gine cooling during operation on the 
dynamometer. 

(c) Exhaust system. (1) When testing 
gasoline-fueled engines: 

(i) A chassis-type exhaust system in-
cluding muffler(s) shall be used. The 
exhaust system must have a single tail 
pipe. For engines designed for a dual 
exhaust system, a standard or specially 
fabricated ‘‘Y’’ pipe may be used. The 
‘‘Y’’ pipe may be located upstream of a 
single muffler or downstream of a sin-
gle muffler or downstream of dual muf-
flers. The potential increase in 
backpressure due to the use of a single 
tail pipe instead of dual pipes may be 
compensated for by using larger than 
standard exhaust system components 
downstream of the ‘‘Y’’ pipe. For sys-
tems with the ‘‘Y’’ pipe upstream of 
the muffler, the backpressure at the 
exhaust manifold exit with the single 
exhaust system must be comparable to 
the standard dual exhaust system 
under the test conditions specified in 
§ 86.335. 

(ii) For all catalyst systems the dis-
tance from the exhaust manifold 
flange(s) to the catalyst shall be the 
same as in the vehicle configuration 
unless the manufacturer provides tem-
perature data showing equivalent per-
formance at another location. 

(iii) For catalyst systems, the probe 
shall be located in the single exhaust 
pipe and from 2 to 10 feet downstream 
of the catalyst(s) and at least 2 feet 
downstream of the ‘‘Y’’ intersection of 
any ‘‘Y’’ pipe (if used). 

(iv) For noncatalyst systems, the 
probe shall be located in the single ex-
haust pipe downstream of the muf-
fler(s) and from 3 to 20 feet downstream 

from the exhaust manifold flange or 
turbocharger exit flange. The probe 
shall also be at least 2 feet downstream 
of the ‘‘Y’’ intersection of any ‘‘Y’’ pipe 
(if used). 

(v) For all exhaust systems, the 
probe shall be located at least 24 inches 
from the end of the tail pipe. Addi-
tional exhaust pipe may be added to 
the tail pipe to meet the specification. 

(2) When testing Diesel engines, a 
noninsulated exhaust system extending 
15 ±5 feet from the exhaust manifold, or 
the crossover junction in the case of 
Vee engines, shall be used. The exhaust 
back pressure must be within 0.2 inch 
Hg. of the upper limit at maximum 
rated horsepower, as established by the 
engine manufacturer in his sales and 
service literature for vehicle applica-
tion. A conventional automotive muf-
fler of a size and type commonly used 
with the engine being tested shall be 
employed in the exhaust system during 
smoke emission testing. The terminal 2 
feet of the exhaust pipe shall be a cir-
cular cross section and be free of el-
bows and bends. The end of the pipe 
shall be cut off squarely. The terminal 
2 feet of the exhaust pipe shall have a 
nominal inside diameter in accordance 
with the engine being tested, as speci-
fied below: 

Maximum rated horsepower 

Exhaust 
pipe inside 
diameter 
(inches) 

Less than 101 ...................................................... 2 
101 to 200 ........................................................... 3 
201 to 300 ........................................................... 4 
301 or more ......................................................... 5 

[42 FR 45154, Sept. 8, 1977, as amended at 43 
FR 52922, Nov. 14, 1978] 

§ 86.313–79 Air flow measurement 
specifications; diesel engines. 

(a) The air flow measurement method 
used must have a range large enough to 
accurately measure the air flow over 
the engine operating range during the 
test. Overall measurement accuracy 
must be ±2 percent of full-scale value of 
the measurement device for all modes 
except the idle and 2-percent modes. 
For the idle and 2-percent modes, the 
measurement accuracy shall be ±5 per-
cent or less of the full-scale value. The 
Administrator must be advised of the 
method used prior to testing. 
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(b) Corrections to the measured air 
mass-flow-rate shall be made when an 
engine system incorporates devices 
that add or subtract air mass (air in-
jection, bleed air, etc.). The method 
used to determine the air mass from 
these devices shall be approved by the 
Administrator. 

(c) An engine air inlet system pre-
senting an air inlet restriction within 1 
inch of water of the upper limit for the 
engine operating condition which re-
sults in maximum air flow, as estab-
lished by the engine manufacturer in 
his sales and service literature, for the 
Diesel engine being tested shall be 
used. 

§ 86.314–79 Fuel flow measurement 
specifications. 

(a) The fuel flow rate measurement 
instrument must have a minimum ac-
curacy of ±1 percent of full-scale flow 
rate for each measurement range used. 
An exception for Diesel engines is al-
lowed at the idle and 2-percent power 
points. For these modes, the minimum 
accuracy is ±2 percent of full-scale flow 
rate for each measurement range used. 
The controlling parameters are the 
elapsed time measurement of the event 
and the weight or volume measure-
ment. Restrictions on these parameters 
are: 

(1) The error in the elapsed time 
measurement of the event must not be 
greater than 1 percent of the absolute 
event time. This includes errors in 
starting and stopping the clock as well 
as the period of the clock. 

(2) For Diesel engines only, if the 
mass of fuel consumed is measured by 
discrete weights, then the error in the 
actual weight of the fuel consumed 
must not be greater than ±1 percent of 
the measuring weight. An exception for 
Diesel engines is allowed at the idle 
and 2-percent power points. For these 
modes the error in the actual weight of 
the fuel consumed must not be greater 
than ±2 percent of the measuring 
weight. 

(3) If the mass of fuel consumed is 
measured electronically (load cell, load 
beam, etc.), the error in the actual 
weight of fuel consumed must not be 
greater than ±1 percent of the full-scale 
value of the electronic device. 

(4) If the mass of fuel consumed is 
measured by volume flow and density, 
the error in the actual volume con-
sumed must not be greater than ±1 per-
cent of the full-scale value of the vol-
ume measuring device. 

(b) For the devices that have varying 
mass scales (electronic weight, volume, 
density, etc.), measurements may not 
be used for calculations if the measure-
ment is less than 20 percent of full 
scale. 

(c) Option. Complete flow-rate meas-
urement systems may be used below 20 
percent of full-scale measurement as 
long as the combination of mass and 
time measurements indicate a flow 
rate that has an error of less than 5 
percent of the absolute flow rate. 

§ 86.315–79 General analyzer specifica-
tions. 

(a) Analyzer response time. The ana-
lyzer must respond to an instantaneous 
step change at the entrance to the ana-
lyzer with a response equal to 95 per-
cent of that step change in 6.0 seconds 
or less on all ranges used. The step 
change shall be at least 60 percent of 
full-scale chart deflection. For NOX 
analyzers using a water trap, the re-
sponse time increase due to the water 
trap and associated plumbing need not 
be included in the analyzer response 
time. 

(b) Precision. The precision of the an-
alyzer must be no greater than ±1 per-
cent of full-scale concentration for 
each range used above 155 ppm (or ppm 
C), or ±2 percent for each range used 
below 155 ppm (or ppm C). The preci-
sion is defined as 2.5 times the standard 
deviation(s) of 10 repetitive responses 
to a given calibration or span gas. 

(c) Noise. The analyzer peak-to-peak 
response to zero and calibration or 
span gases over any 10-second period 
shall not exceed 2 percent of full/scale 
chart deflection on all ranges used. 

(d) Zero drift. The analyzer zero-re-
sponse drift during a 1-hour period 
shall be less than 2 percent of full-scale 
chart deflection on the lowest range 
used. The zero-response is defined as 
the mean response including noise to a 
zero-gas during a 30-second time inter-
val. 

(e) Span drift. The analyzer span drift 
during a 1-hour period shall be less 
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than 2 percent of full-scale chart de-
flection on the lowest range used. The 
analyzer span is defined as the dif-
ference between the span-response and 
the zero-response. The span-response is 
defined as the mean response including 
noise to a span gas during a 30-second 
time interval. 

(Secs. 206, 301(a), Clean Air Act as amended 
(42 U.S.C. 7525, 7601(a))) 

[42 FR 45154, Sept. 8, 1977, as amended at 44 
FR 16917, Mar. 20, 1979] 

§ 86.316–79 Carbon monoxide and car-
bon dioxide analyzer specifications. 

(a) Carbon monoxide and carbon diox-
ide measurements are to be made with 
nondispersive infrared (NDIR) an ana-
lyzers. 

(b) The use of linearizing circuits is 
permitted. 

(c) The minimum water rejection 
ratio (maximum CO 2 interference) as 
measured by § 86.321 shall be: 

(1) For CO analyzers, 1000:1. 
(2) For CO 2 analyzers, 100:1. 
(d) The minimum CO 2 rejection ratio 

(maximum CO 2 interference) as meas-
ured by § 86.322 for CO analyzers shall 
be 5000:1. 

(e) Zero suppression. Various tech-
niques of zero suppression may be used 
to increase readability, but only with 
prior approval by the Administrator. 

§ 86.317–79 Hydrocarbon analyzer 
specifications. 

(a) Hydrocarbon measurements are to 
be made with a heated flame ionization 
detector (HFID) analyzer. 

(b) Option. A non-heated flame ion-
ization detector (FID) that measures 
hydrocarbon emissions on a dry basis is 
permitted for gasoline-fueled testing; 
Provided, That equivalency is dem-
onstrated to the Administrator. With 
the exception of temperatures, all spec-
ifications contained in subpart D apply 
to the optional system. 

(c) The analyzer shall be fitted with a 
constant temperature oven housing the 
detector and sample-handling compo-
nents. It shall maintain temperature 
with 2 °C of the set point. The detector, 
oven, and sample-handling components 
within the oven shall be suitable for 
continuous operation at temperatures 
to 200 °C. 

(d) Fuel and burner air shall conform 
to the specifications in § 86.308. 

(e) The percent of oxygen inter-
ference must be less than 3 percent, as 
specified in § 86.331(d)(7). 

(f) Premixed burner air: 
(1) For Diesel engines, premixing a 

small amount of air with the HFID fuel 
prior to combustion within the HFID 
burner is not recommended as a means 
of improving oxygen interference (%O2 
I). However, this procedure may be 
used if the engine manufacturer dem-
onstrates on each basic combustion 
system (i.e., 4 cycle DI, 2 cycle DI, 4 
cycle precup, etc.) that an HFID using 
this procedure produces comparable re-
sults to an HFID not using this proce-
dure. These data must be submitted to 
the Administrator for his approval 
prior to testing. 

(2) For gasoline-fueled engines, 
premixing burner air with the HFID 
fuel is not allowed. 

§ 86.318–79 Oxides of nitrogen analyzer 
specifications. 

(a) Oxides of nitrogen are to be meas-
ured with a chemiluminescense ana-
lyzer. 

(1) The NOX sample must be heated 
per § 86.309(a) and § 86.310(a) up to the 
NO2 to NO converter. 

(2) For high vacuum CL analyzers 
with heated capillary modules, sup-
plying a heated sample to the capillary 
module is sufficient. 

(3) The NO2 to NO convertor effi-
ciency shall be at least 90 percent. 

(4) The quench interference must be 
less than 3.0 percent as measured in 
§ 86.327. 

(b) Option. The oxides of nitrogen 
may be measured with an NDIR ana-
lyzer system that meets the following 
specifications: 

(1) The system shall include an NO2 
to NO converter, a water trap, and an 
NDIR analyzer in that order. 

(2) The NO2 to NO converter shall ob-
tain a sample directly from the heated 
sample line. 

(3) The water trap shall meet the 
specifications in § 86.311(e). 

(4) The NO NDIR analyzer shall be 
calibrated per § 86.330. 

(5) The minimum water rejection 
ratio (maximum water interference) 
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for the NO NDIR analyzer shall be 
5,000:1 (see § 86.321). 

(6) The minimum CO2 rejection ratio 
(maximum CO2 interference) for the NO 
NDIR analyzer shall be 30,000:1 (see 
§ 86.322). 

§ 86.319–79 Analyzer checks and cali-
brations; frequency and overview. 

(a) Prior to initial use and after 
major repairs, bench check each ana-
lyzer (see § 86.320). 

(b) At least monthly during testing, 
check the NOX converter efficiency, as 
described in § 86.332. 

(c) At least once every 30 days during 
testing, perform the following: 

(1) Leak check the pressure side of 
the system (see § 86.328). If the option 
described in § 86.328(b)(2) is used, a pres-
sure leak check is not required. 

(2) Calibrate all analyzers (see 
§§ 86.330 through 86.332). 

(3) Check the analysis system re-
sponse time (see § 86.329). If the option 
described in § 86.329(b) is used, a re-
sponse time check is not required. 

(4) Verify that the automatic data 
collection system (if used) meets the 
chart reading requirements found in 
§ 86.343. 

(5) Check the fuel flow measurement 
instrument to insure that the speci-
fications in § 86.314 are met. Flow me-
ters of the tapered tube and float de-
sign (rotometers) or the balance beam 
principle need be checked only every 90 
days. 

(d) At least once every 90 days during 
testing check the water rejection ratio 
and the CO2 rejection ratio on all NDIR 
analyzers (see §§ 86.321 and 86.322). 

(e) At least once every 180 days dur-
ing testing check the dynamometer 
test stand and power output instru-
mentation (see § 86.333). 

[42 FR 45154, Sept. 8, 1977, as amended at 58 
FR 58422, Nov. 1, 1993] 

§ 86.320–79 Analyzer bench check. 
(a) Prior to initial use and after 

major repairs verify that each analyzer 
complies with the following specifica-
tions: 

(1) Response time (see § 86.315(a)). 
(2) Precision (see § 86.315(b)). 
(3) Noise (see § 86.315(c)). 
(4) Zero drift (see § 86.315(d)). 
(5) Span drift (see § 86.315(e)). 

(6) Water rejection ratio, NDIR ana-
lyzers only (see §§ 86.316(c) and 86.318 
(b)(5). 

(7) CO2 rejection ratio, NDIR ana-
lyzers only (see §§ 86.316(d) and 
86.318(b)(6)). 

(8) Quench check, CL analyzers only 
(see § 86.327). 

(b) If a stainless steel NO2 to NO con-
verter is used, condition all new or re-
placement converters. The condi-
tioning consists of either purging the 
converter with air for a minimum of 4 
hours or until the converter efficiency 
is greater than 90 percent. The con-
verter must be at operational tempera-
ture while purging. Do not use this pro-
cedure prior to checking converter effi-
ciency on in-use converters. 

§ 86.321–79 NDIR water rejection ratio 
check. 

(a) Zero and span the analyzer on the 
lowest range that will be used. 

(b) Introduce a saturated mixture of 
water and zero gas at room tempera-
ture directly to the analyzer. 

(c) Determine and record the ana-
lyzer operating pressure (GP) in abso-
lute units in pascals. Gauges G3 and G4 
may be used if the values are converted 
to the correct units. 

(d) Determine and record the tem-
perature of the zero-gas mixture. 

(e) Record the analyzers’ response 
(AR) in ppm to the saturated zero-gas 
mixture. 

(f) For the temperature recorded in 
step (d), determine the saturation 
vapor presssure (PWB) from § 86.344(d). 

(g) Calculate the water concentration 
(Z) in the mixture from: 

Z = (PWB/GP)(106) 

(h) Calculate the water rejection 
ratio (WRR) from: 

WRR = (Z/AR) 

§ 86.322–79 NDIR CO2 rejection ratio 
check. 

(a) Zero and span the analyzer on the 
lowest range that will be used. 

(b) Introduce a CO2 calibration gas of 
at least 10 percent CO2 or greater to 
the analyzer. 

(c) Record the CO2 calibration gas 
concentration in ppm. 

(d) Record the analyzers’ response 
(AR) in ppm to the CO2 calibration gas. 
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(e) Calculate the CO2 rejection ratio 
(CO2RR) from: 

CO2RR = (ppm CO2)/AR 

§ 86.327–79 Quench checks; NOX ana-
lyzer. 

(a) Perform the reaction chamber 
quench check for each model of high 
vacuum reaction chamber analyzer 
prior to initial use. 

(b) Perform the reaction chamber 
quench check for each new analyzer 
that has an ambient pressure or ‘‘soft 
vacuum’’ reaction chamber prior to ini-
tial use. Additionally, perform this 
check prior to reusing an analyzer of 
this type any time any repairs could 
potentially alter any flow rate into the 
reaction chamber. This includes, but is 
not limited to, sample capillary, ozone 
capillary, and if used, dilution cap-
illary. 

(c) Quench check as follows: 
(1) Calibrate the NOX analyzer on the 

lowest range that will be used for test-
ing. 

(2) Introduce a mixture of CO2 cali-
bration gas and NOX calibration gas to 
the CL analyzer. Dynamic blending 
may be used to provide this mixture. 
Dynamic blending may be accom-
plished by analyzing the CO2 in the 
mixture. The change in the CO2 value 
due to blending may then be used to 
determine the true concentration of 
the NOX in the mixture. The CO2 con-
centration of the mixture shall be ap-
proximately equal to the highest con-
centration experienced during testing. 
Record the response. 

(3) Recheck the calibration. If it has 
changed more than ±1 percent of full 
scale, recalibrate and repeat the 
quench check. 

(4) Prior to testing, the difference be-
tween the calculated NOX response and 
the response of NOX in the presence of 
CO2 (step 2) must not be greater than 
3.0 percent of full-scale. The calculated 
NOX response is based on the calibra-
tion performed in step (1). 

(Secs. 206, 301(a), Clean Air Act as amended 
(42 U.S.C. 7525, 7601(a))) 

[42 FR 45154, Sept. 8, 1977, as amended at 44 
FR 16917, Mar. 20, 1979] 

§ 86.328–79 Leak checks. 
(a) Vacuum side leak check. (1) Any lo-

cation within the analysis system 
where a vacuum leak could affect the 
test results must be checked. 

(2) The maximum allowable leakage 
rate on the vacuum side is 0.5 percent 
of the in-use flow rate for the portion 
of the system being checked. the ana-
lyzer flows and bypass flows may be 
used to estimate the in-use flow rates. 

(3) The sample probe and the connec-
tion between the sample probe and 
valve V2 (Figure D79–1) may be ex-
cluded from the leak check. 

(b) Pressure side leak check. (1) The 
maximum allowable leakage rate on 
the pressure side in 5 percent of the in- 
use flow rate. 

(2) Option: If the flow rate for each 
flow meter is equal to or greater than 
the flow rate recorded in 
§ 86.329(b)(1)(ii), then a pressure side 
leak check is not required. 

§ 86.329–79 System response time; 
check procedure. 

(a) Check the system response time 
by the following procedure: 

(1) Stabilize the operating tempera-
ture of the sample line, sample pump, 
and heated filters. 

(2) Introduce an HC span gas into the 
sampling system at the sample probe 
or valve V2 at atmospheric pressure. 
Simultaneously, start the time meas-
urement. 

(3) When the HC instrument response 
is 95 percent of the span gas concentra-
tion used, stop the time measurement. 

(4) If the elapsed time is more than 
20.0 seconds, make necessary adjust-
ments. 

(5) Repeat with the CO, CO2, and NOX 
instruments and span gases. 

(b) Option. If the following param-
eters are determined, the initial sys-
tem response time may be generally 
applied to future checks. 

(1) Analyzer and bypass flow rates. (i) 
Determine by experimentation the 
minimum analyzer and bypass flow 
rates individually and in combination 
that will produce a response time as 
close as possible to 20.0 seconds per 
paragraph (a) of this section. 

(ii) Record the highest minimum flow 
rate for each flow meter as determined 
in step (i). 
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(2) Capillary flow analyzers. This pro-
cedure is applicable only to analyzers 
that have sample capillaries such as 
the HFID and CL analyzers. It is also 
assumed that the system has sample/ 
span valves that perform the function 
of valves V9 and V13 in Figure D79–1. 

(i) Operate the analyzer(s) at the in- 
use capillary pressure. 

(ii) Adjust the bypass flow rate to the 
flow rate recorded in paragraph 
(b)(1)(ii) of this section. 

(iii) Measure and record the response 
time from the sample/span valve(s) per 
paragraph (a) of this section. 

(iv) The response time (step (iii)) can 
be determined by switching from the 
‘‘sample’’ position to the ‘‘span’’ posi-
tion of the sample/span valve and ob-
serving the analyzer response on a 
chart recorder. Normally, the ‘‘sam-
ple’’ position would select a ‘‘room air’’ 
sample and the ‘‘span’’ position would 
select a span gas. 

(v) Adjust the bypass flow rate to the 
normal in-use value. 

(vi) Measure and record the response 
time from the sample/span valve(s) per 
paragraph (a) of this section. 

(vii) Determine the slowest response 
time (step (iii) or step (iv)) and add 2 
seconds to it. 

§ 86.330–79 NDIR analyzer calibration. 
(a) Detector optimization. If necessary, 

follow the manufacturer’s instructions 
for initial start-up and basic operating 
adjustments. 

(b) Calibration curve. Develop a cali-
bration curve for each range used as 
follows: 

(1) Zero the analyzer. 
(2) Span the analyzer to give a re-

sponse of approximately 90 percent of 
full-scale chart deflection. 

(3) Recheck the zero response. If it has 
changed more than 0.5 percent of full 
scale, repeat steps (1) and (2). 

(4) Record the response of calibration 
gases having nominal concentrations of 

15, 30, 45, 60, 75, and 90 percent of full- 
scale concentration. 

(5) Generate a calibration curve. The 
calibration curve shall be of fourth 
order or less, have five or fewer coeffi-
cients, and be of the form of equation 
(1) or (2). Include zero as a data point. 
Compensation for known impurities in 
the zero gas can be made to the zero- 
data point. The calibration curve must 
fit the data points within 2 percent of 
point or 1 percent of full scale, which-
ever is less. 

y = Ax Bx Cx Dx + E4 3+ + +2 1( )

y =
x

Ax Bx Cx Dx E4 3 2+ + + +
( )2

where: 

y = concentration 
x = chart deflection 

(6) Option. A new calibration curve 
need not be generated if: (i) A calibra-
tion curve conforming to step (5) ex-
ists; (ii) The responses generated in 
step (4) are within 1 percent of full 
scale or 2 percent of point, whichever is 
less, of the responses predicted by the 
calibration curve for the gases used in 
step (4). 

(7) If multiple range analyzers are 
used, only the lowest range must meet 
the curve fit requirements below 15 
percent of full scale. 

(c) If any range is within 2 percent of 
being linear a linear calibration may 
be used. To determine if this criterion 
is met: 

(1) Perform a linear least-square re-
gression on the data generated. Use an 
equation of the form y = mx, where x is 
the actual chart deflection and y is the 
concentration. 

(2) Use the equation z = y/m to find 
the linear chart deflection (z) for each 
calibration gas concentration (y). 

(3) Determine the linearity (%L ) for 
each calibration gas by: 

Percent L =
z x( )−

Full-scale linear chart deflection
( )100
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(4) The linearity criterion is met if 
the %L is less than ±2 percent for each 
data point generated. For each emis-
sion test, a calibration curve of the 
form Y = mx is to be used. The slope (m) 
is defined for each range by the span-
ning process. 

[42 FR 45154, Sept. 8, 1977, as amended at 46 
FR 50495, Oct. 13, 1981; 47 FR 49807, Nov. 2, 
1982] 

§ 86.331–79 Hydrocarbon analyzer cali-
bration. 

The following steps are followed in 
sequence to calibrate the hydrocarbon 
analyzer. It is suggested, but not re-
quired, that efforts be made to mini-
mize relative response variations. 

(a) If necessary, follow manufactur-
er’s instructions for instrument start- 
up and basic operating adjustments. 

(b) Set the oven temperature 5 °C 
hotter than the required sample-line 
temperature. Allow at least one-half 
hour after the oven has reached tem-
perature for the system to equilibrate. 

(c) Initial fuel flow adjustment. With 
the fuel and air-flow rates set at the 
manufacturer’s recommendations, in-
troduce a 350 ppmC±75 ppmC span gas 
to the detector. Determine the re-
sponse at a given fuel flow from the dif-
ference between the span-gas response 
and the zero-gas response. Incremen-
tally adjust the fuel flow above and 
below the manufacturer’s specification. 
Record the span and zero response at 
these fuel flows. A plot of the dif-
ference between the span and zero re-
sponse versus fuel flow will be similar 
to the one shown in Fig. D79–3. 

Adjust the fuel-flow rate to the rich 
side of the curve, as shown. This is ini-
tial flow-rate setting and may not be 
the final optimized flow rate. 

(d) Oxygen interference optimization. 
Choose a range where the oxygen inter-
ference check gases (see § 86.308) will 
fall in the upper 50 percent. Conduct 
this test with the oven temperature set 
as required. Oxygen interference check 
gas specifications are found in § 86.308. 

(1) Zero the analyzer. 
(2) Span the analyzer with the zero- 

percent oxygen blend for gasoline- 
fueled engines. Diesel engine instru-

ments shall be spanned with the 21-per-
cent oxygen blend. 

(3) Recheck zero response. If it has 
changed more than 0.5 percent of full 
scale repeat paragraphs (d) (1) and (2) 
of this section. 

(4) Introduce the 5 percent and 10 per-
cent oxygen interference check gases. 

(5) Recheck the zero response. If it has 
changed more ±1 percent of full scale, 
repeat the test. 

(6) Calculate the percent of oxygen 
interference (%O2I) for each mixture in 
step (4). 
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Percent O

Percent of

2 100I =
B ppmC

B
A

A

B

−

×

Analyzer response (

Analyzer response =
 full-scale analyzer response due to 

 full-scale analyzer response due to 

)

Percent of ) 

( )

(

A = hydrocarbon concentration (ppmC) of the 
span gas used in step (2). 

B = hydrocarbon concentration (ppmC) of the 
oxygen interference check gases used in 
step (4). 

(7) The percent of oxygen inter-
ference (%O2I) must be less than ±3.0 
percent for all required oxygen inter-
ference check gases prior to testing. 

(8) If the oxygen interference is 
greater than the specifications, incre-
mentally adjust the air flow above and 
below the manufacturer’s specifica-
tions, repeating paragraphs (d) (1) 
through (7) of this section for each 
flow. 

(9) If the oxygen interference is 
greater than the specification after ad-
justing the air flow, vary the fuel flow 
and thereafter the sample flow, repeat-
ing paragraphs (d) (1) through (7) of 
this section for each new setting. 

(10) If the oxygen interference is still 
greater than the specifications, repair 
or replace the analyzer, FID fuel, or 
burner air prior to testing. Repeat this 
section with the repaired or replaced 
equipment or gases. 

(e) Linearity check. For each range 
used, check linearity as follows: 

(1) With the fuel flow, air flow and 
sample flow adjust to meet the oxygen 
interference specification, zero the an-
alyzer. 

(2) Span the analyzer using a calibra-
tion gas that will provide a response of 
approximately 90 percent of full-scale 
concentration. 

(3) Recheck the zero response. If it has 
changed more than 0.5 percent of full 
scale, repeat steps (1) and (2). 

(4) Record the response of calibration 
gases having nominal concentrations of 
30, 60, and 90 percent of full-scale con-
centration. It is permitted to use addi-
tional concentrations. 

(5) Perform a linear least square re-
gression on the data generated. Use an 
equation of the form y = mx, where x is 
the actual chart deflection and y is the 
concentration. 

(6) Use the equation z = y/m to find 
the linear chart deflection (z) for each 
calibration gas concentration (y). 

(7) Determine the linearity (%L) for 
each calibration gas by: 

Percent L =
z x( )−

Full-scale linear chart deflection
( )100

(8) The linearity criterion is met if 
the %L is less than ±2 percent for each 
data point generated. Below 40 ppmC 
the linearity criterion may be ex-
panded to ±4 percent. For each emis-
sion test, a calibration curve of the 
form y = mx is to be used. The slope (m) 
is defined for each range by the span-
ning process. 

(9) If the %L for any point exceeds 
the specifications in step (8), the air, 
fuel, and sample-flow rates may be var-

ied within the boundaries of the oxygen 
interference specifications. 

(10) If the %L for any data point still 
exceeds the specifications, repair or re-
place the analyzer, FID fuel, burner 
air, or calibration bottles prior to test-
ing. Repeat the procedures of this sec-
tion with the repaired or replaced 
equipment or gases. 

(f) Optimized flow rates. The fuel-flow 
rate, air-flow rate and sample-flow rate 
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are defined as ‘‘optimized’’ at this 
point. 

§ 86.332–79 Oxides of nitrogen analyzer 
calibration. 

(a) At least monthly during testing, 
perform a converter efficiency check as 
described in paragraph (b) of this sec-
tion. Perform a monthly linearity 
check as described in paragraph (c) of 
this section. 

(b) Converter-efficiency check. The ap-
paratus described and illustrated in 
Figure D79–4 is to be used to determine 
the conversion efficiency of devices 
that convert NO2 to NO. The following 
procedure is to be used in determining 

the values to be used in the equation 
below: 

(1) Follow the manufacturer’s in-
structions for instrument startup and 
operation. 

(2) Zero the oxides of nitrogen ana-
lyzer. 

(3) Connect the outlet of the NOX 
generator (see Figure D79–4) to the 
sample inlet of the oxides of nitrogen 
analyzer which has been set to the 
most common operating range. 

(4) Introduce into the NOX generator- 
analyzer system a span gas with a NO 
concentration equal to approximately 
80 percent of the most common oper-
ating range. 
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(5) With the oxides of nitrogen ana-
lyzer in the NO Mode, record the con-
centration of NO indicated by the ana-
lyzer. 

(6) Turn on the NOX generator O2 (or 
air) supply and adjust the O2 (or air) 
flow rate so that the NO indicated by 
the analyzer is about 10 percent less 
than indicated in step (5). Record the 
concentration of NO in this NO+O2 
mixture. 

(7) Switch the NOX generator to the 
generation mode and adjust the genera-
tion rate so that the NO measured on 
the analyzer is 20 percent of that meas-
ured in step (5). There must be at least 
10 percent unreacted NO at this point. 
Record the concentration of residual 
NO. 

(8) Switch the oxides of nitrogen ana-
lyzer to the NOX mode and measure 
total NOX. Record this value. 

(9) Switch off the NOX generation, 
but maintain gas flow through the sys-
tem. The oxides of nitrogen analyzer 
will indicate the total NOX in the 
NO+O2 mixture. Record this value. 

(10) Turn off the NOX generator O2 (or 
air) supply. The analyzer will now indi-
cate the total NOX in the original NO 
in N2 mixture. This value should be no 
more than 5 percent above the value in-
dicated in step (4). 

(11) Calculate the efficiency of the 
NOX converter by substituting the con-
centrations obtained into the following 
equation: 

Percent Efficiency = [1 + (a ¥ b)/(c ¥ 

d)] × 100 

where: 

a=concentration obtained in step (8). 
b=concentration obtained in step (9). 
c=concentration obtained in step (6). 
d=concentration obtained in step (7). 

The efficiency of the converter shall be 
greater than 90 percent. Adjustment of 
the converter temperature may be nec-
essary to maximize the efficiency. If 
the converter does not meet the con-
version-efficiency specifications, repair 
or replace the unit prior to testing. Re-
peat the procedures of this section with 
the repaired or new converter. 

(c) Linearity check. For each range 
used, check linearity as follows: 

(1) With the operating parameters ad-
justed to meet the converter efficiency 
check and the quench checks, zero the 
analyzer. 

(2) Span the analyzer using a calibra-
tion gas that will give a response of ap-
proximately 90 percent of full-scale 
concentration. 

(3) Recheck the zero response. If it has 
changed more than 0.5 percent of full 
scale, repeat steps (1) and (2). 

(4) Record the response of calibration 
gases having nominal concentrations of 
30, 60 and 90 percent of full-scale con-
centration. It is permitted to use addi-
tional concentrations. 

(5) Perform a linear least-square re-
gression on the data generated. Use an 
equation of the form y=mx where x is 
the actual chart deflection and y is the 
concentration. 

(6) Use the equation z=y/m to find the 
linear chart deflection (z) for each cali-
bration gas concentration (y). 

(7) Determine the linearity (%L) for 
each calibration gas by: 

Percent L =
z x( )−

Full-scale linear chart deflection
( )100

(8) The linearity criterion is met if 
the %L is less than ±2 percent of each 
data point generated. For each emis-
sion test, a calibration curve of the 
form y=mx is to be used. The slope (m) 
is defined for each range by the span-
ning process. 

(9) If the %L exceeds ±2 percent for 
any data point generated, repair or re-
place the analyzer or calibration bot-

tles prior to testing. Repeat the proce-
dures of this section with the repaired 
or replaced equipment or gases. 

(10) Perform a converter-efficiency 
check (see paragraph (b) of this sec-
tion). 

(11) The operating parameters are de-
fined as ‘‘optimized’’ at this point. 
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(d)–(e) [Reserved] 

[42 FR 45154, Sept. 8, 1977, as amended at 46 
FR 50495, Oct. 13, 1981; 47 FR 49807, Nov. 2, 
1982; 52 FR 47869, Dec. 16, 1987; 58 FR 58423, 
Nov. 1, 1993] 

§ 86.333–79 Dynamometer calibration. 

(a) If necessary, follow the manufac-
turer’s instructions for initial start-up 
and basic operating adjustments. 

(b) Check the dynamometer torque 
measurement for each range used by 
the following: 

(1) Warm up the dynamometer fol-
lowing the equipment manufacturer’s 
specifications. 

(2) Determine the dynamometer cali-
bration moment arm. Equipment man-
ufacturer’s data, actual measurement, 
or the value recorded from the previous 
calibration used for this subpart may 
be used. 

(3) Calculate the indicated torque 
(IT) for each calibration weight to be 
used by: 

IT=calibration weight (lb)×calibration 
moment arm (ft) 

(4) Attach each calibration weight 
specified in § 86.312 to the moment arm 
at the calibration distance determined 
in step (2). Record the power measure-
ment equipment response (ft-lb) to 
each weight. 

(5) For each calibration weight, com-
pare the torque value measured in step 
(4) to the calculated torque determined 
in step (3). 

(6) The measured torque must be 
within 2 percent of the calculated 
torque. 

(7) If the measured torque is not 
within 2 percent of the calculated 
torque, adjust or repair the system. Re-
peat steps (1) through (6) with the ad-
justed or repaired system. 

(c) Option. A master load-cell or 
transfer standard may be used to verify 
the in-use torque measurement system. 

(1) The master load-cell and read out 
system must be calibrated with 
weights at each test weight specified in 
§ 86.312–79. The calibration weights 
must be traceable to within 0.1 percent 
of NBS weights. 

(2) Warm up the dynamometer fol-
lowing the equipment manufacturer’s 
specifications. 

(3) Attach the master load-cell and 
loading system. 

(4) Load the dynamometer to a min-
imum of 6 equally spaced torque values 
as indicated by the master load-cell for 
each in-use range used. 

(5) The in-use torque measurement 
must be within 2 percent of the torque 
measured by the master system for 
each load used. 

(6) If the in-use torque is not within 
2 percent of the master torque, adjust 
or repair the system. Repeat step (2) 
through step (5) with the adjusted or 
repaired system. 

(d) The dynamometer calibration 
must be completed within 2 hours from 
the completion of the dynamometer 
warm-up. 

§ 86.334–79 Test procedure overview. 
(a) The test consists of prescribed se-

quences of engine operating conditions 
to be conducted on an engine dyna-
mometer. The exhaust gases generated 
during engine operation are sampled 
for specific component analysis 
through the analytical train. The test 
is applicable to engines equipped with 
catalytic or direct-flame afterburners, 
induction system modifications, or 
other systems, or to uncontrolled en-
gines. 

(b) The tests are designed to deter-
mine the brake-specific emissions of 
hydrocarbons, carbon monoxide, and 
oxides of nitrogen. The gasoline-fueled 
engine test consists of 1 warm-up cycle 
and 1 hot cycle. The Diesel engine test 
consists of 3 idle modes and 5 power 
modes at each of 2 speeds which span 
the typical operating range of Diesel 
engines. These procedures require the 
determination of the concentration of 
each pollutant, the fuel flow and the 
power output during each mode. The 
measured values are weighted and used 
to calculate the grams of each pollut-
ant emitted per brake-horsepower 
hour. 

(c)(1) When an engine is tested for ex-
haust emissions or is operated for serv-
ice accumulation on an engine dyna-
mometer, the complete engine shall be 
tested, with all emission control de-
vices installed and functioning. 

(2) Evaporative emission controls 
need not be connected if data are pro-
vided to show that normal operating 
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conditions are maintained in the en-
gine induction system. 

(3) On air cooled engines, the fan 
shall be installed. 

(4) Additional accessories (e.g., oil 
cooler, alternators, air compressors, 
etc.) may be installed with advance ap-
proval by the Administrator. 

(d) All emission control systems in-
stalled on or incorporated in a new 
motor vehicle engine shall be func-
tioning during all procedures in this 
subpart. In cases of component mal-

function or failure, maintenance to 
correct component failure or malfunc-
tion shall be authorized in accordance 
with § 86.079–25. 

§ 86.335–79 Gasoline-fueled engine test 
cycle. 

(a) The following test sequence shall 
be followed in dynamometer operation 
tests of gasoline-fueled heavy-duty en-
gines. Diesel engines are covered in 
§ 86.336. 

Cycle No. Mode No. Mode 

Observed 
torque (per-
cent of max-

imum ob-
served) 

Time in 
mode-sec-

onds 

Cumulative 
time-sec-

onds 

Weighting 
factors 

1 ............................ 1 ........................... Idle ................................... 60 60 0.232 
1 ............................ 2 ........................... Cruise ............................... 25 60 120 .077 
1 ............................ 3 ........................... PTA .................................. 55 60 180 .147 
1 ............................ 4 ........................... Cruise ............................... 25 60 240 .077 
1 ............................ 5 ........................... PTD .................................. 10 60 300 .057 
1 ............................ 6 ........................... Cruise ............................... 25 60 360 .077 
1 ............................ 7 ........................... FL ..................................... 90 60 420 .113 
1 ............................ 8 ........................... Cruise ............................... 25 60 480 .077 
1 ............................ 9 ........................... CT .................................... 60 540 .143 
2 ............................ 10 ......................... Cruise ............................... 25 60 600 .077 
2 ............................ 11 ......................... PTA .................................. 55 60 660 .147 
2 ............................ 12 ......................... Cruise ............................... 25 60 720 .077 
2 ............................ 13 ......................... PTD .................................. 10 60 780 .057 
2 ............................ 14 ......................... Cruise ............................... 25 60 840 .077 
2 ............................ 15 ......................... FL ..................................... 90 60 900 .113 
2 ............................ 16 ......................... Cruise ............................... 25 60 960 .077 
2 ............................ 17 ......................... CT .................................... 60 1,020 .143 
2 ............................ 18 ......................... Idle ................................... 60 1,080 .232 

(b) Except for idles, the engine dyna-
mometer shall be operated at a con-
stant speed of 2000 rpm±100 rpm. Speed 
deviations, not to exceed 200 rpm, will 
be allowed during the first 10 seconds 
of each mode. 

(c) The times in-mode specified in 
paragraph (a) for the CT modes are ±2 
seconds. All other times in-mode are ±4 
seconds. 

(d) The first 35 seconds of each 60 sec-
ond engine power mode is allowed for 
engine-dynamometer stabilization. 
After this stabilization period the 
torque must be held at the specified 
value ±5 percent until the exhaust gas 
analysis period. During the exhaust gas 
analysis period, the last 10 seconds of 
each nonclosed throttle mode the en-
gine torque must be at the specified 
value ±2 percent of the maximum 
torque observed. For example, mode 3 
torque shall be held between 53 and 57 
percent of maximum torque (55±2 per-
cent) during the exhaust analysis pe-

riod. Prior to the analysis period but 
excluding the first 35 seconds of the 
mode, the torque shall be held between 
50 and 60 percent of maximum torque 
(55%±5%). 

(e) The idle operating mode shall be 
carried out at the manufacturer’s rec-
ommended curb-idle engine speed. Ar-
rive at the last idle mode by closing 
the throttle, braking the dynamometer 
to the engine idle speed, and unloading 
the dynamometer. 

(f) The CT operating mode shall be 
carried out at the same engine speed as 
specified in paragraph (b) of this sec-
tion. 

(g) If the Administrator determines 
that an engine shall be tested as an 
automatic transmission code engine, 
then a load shall be applied by the dy-
namometer during the idle modes (1 
and 18) such that the engine speed is 
decreased from the recommended dyna-
mometer-idle speed to the rec-
ommended curb-idle speed. The engine 
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idle torque recorded for the calcula-
tions in § 86.345 shall be zero. 

(h) If the operating conditions speci-
fied in paragraph (a) of this section for 
modes 2 through 8, and 10 through 16 
cannot be maintained, the Adminis-
trator may authorize deviations from 
the specified load conditions. Such de-
viations shall not exceed 5 percent of 
the maximum torque at the test speed. 
The minimum deviations, above and 
below the specified load, necessary for 
stable operation shall be determined by 
the manufacturer and approved by the 
Administrator prior to the test run. 
Emission tests shall be performed by 
operating the engine at the higher ap-

proved load setting during cycle 1 and 
at the lower approved load setting dur-
ing cycle 2. The weighting factors shall 
be as specified in paragraph (a) of this 
section. 

(Secs. 206, 301(a), Clean Air Act as amended 
(42 U.S.C. 7525, 7601(a))) 

[42 FR 45154, Sept. 8, 1977, as amended at 44 
FR 16917, Mar. 20, 1979; 47 FR 49813, Nov. 2, 
1982] 

§ 86.336–79 Diesel engine test cycle. 
(a) The following 13-mode cycle shall 

be followed in dynamometer operation 
tests of heavy-duty Diesel engines. 
Gasoline-fueled engines are covered in 
§ 86.335. 

Test Segment Mode No. Engine Speed 

Observed 
torque (per-
cent of max-

imum ob-
served) 

Time in mode (minutes) Maximum 
cumulative 
time (min-

utes) Minimum Maximum 

1 ............................ 1 ........................... Curb-idle .......................... 4.5 6.0 
1 ............................ 2 ........................... Intermediate ..................... 2 4.5 6.0 
1 ............................ 3 ........................... ......do ............................... 25 4.5 6.0 
1 ............................ 4 ........................... ......do ............................... 50 4.5 6.0 42 
1 ............................ 5 ........................... ......do ............................... 75 4.5 6.0 
1 ............................ 6 ........................... ......do ............................... 100 4.5 6.0 
1 ............................ 7 ........................... Curb-idle .......................... 4.5 6.0 
2 ............................ 8 ........................... Rated ............................... 100 4.5 6.0 
2 ............................ 9 ........................... ......do ............................... 75 4.5 6.0 
2 ............................ 10 ......................... ......do ............................... 50 4.5 6.0 36 
2 ............................ 11 ......................... ......do ............................... 25 4.5 6.0 
2 ............................ 12 ......................... ......do ............................... 2 4.5 6.0 
2 ............................ 13 ......................... Curb-idle .......................... 4.5 6.0 

(b) During each mode the specified 
speed shall be held to within 50 rpm. 
Torque for each mode must be held at 
the specified value ±2 percent of the 
maximum torque observed. For exam-
ple, mode 4 torque shall be held be-
tween 48 and 52 percent of maximum 
torque (50 ±2%). 

(c) If the operating conditions speci-
fied in paragraph (b) of this section for 
modes 3, 4, 5, 9, 10, and 11 cannot be 
maintained, the Administrator may 
authorize deviations from the specified 
load conditions. Such deviations shall 
not exceed 10 percent of the maximum 
torque at the test speed. The minimum 
deviations, above and below the speci-
fied load, necessary for stable oper-
ation shall be determined by the manu-
facturer and approved by the Adminis-
trator prior to the test run. Emission 
tests shall be performed at each of the 
approved load settings, one above and 
one below the operating conditions 

specified in paragraph (a) of this sec-
tion. The emission values obtained 
shall be calculated in accordance with 
§ 86.345 except that the weighting factor 
shall be 0.04. 

(d) If the Administrator determines 
that an engine shall be tested as an 
automatic transmission code engine, 
then a load shall be applied by the dy-
namometer during the idle modes (1, 7, 
and 13) such that the engine speed is 
decreased from the recommended dyna-
mometer-idle speed to the rec-
ommended curb-idle speed. The engine- 
idle torque recorded for the calcula-
tions in § 86.345 shall be zero. 

§ 86.337–79 Information. 
The following information, as appli-

cable, shall be recorded for each test: 
(a) Engine description and specifica-

tion. A copy of the information speci-
fied in this paragraph must accompany 
each engine sent to the Administrator 
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for compliance testing. The manufac-
turer need not record the information 
specified in this paragraph for each 
test if the information, with the excep-
tion of paragraphs (a) (3), (12), and (13), 
is included in the manufacturer’s Part 
I. 

(1) Engine-system combination. 
(2) Engine identification numbers. 
(3) Number of hours of operation ac-

cumulated on engine. 
(4) Rated maximum horsepower and 

torque. 
(5) Maximum horsepower and torque 

speeds. 
(6) Engine displacement. 
(7) Governed speed. 
(8) Manufacturer’s start-up and 

warm-up reference, (gasoline-fueled en-
gines only). 

(9) Curb-idle rpm. 
(10) Dynamometer-idle rpm (auto-

matic transmission code engines only). 
(11) Maximum horsepower at 2000 rpm 

(gasoline-fueled engines only). 
(12) Fuel consumption and maximum 

torque at 2000 rpm (gasoline-fueled en-
gines only). 

(13) Fuel consumption at maximum 
power and torque (Diesel engines only). 

(14) Maximum air flow (Diesel en-
gines only). 

(15) Air inlet restriction (Diesel en-
gines only). 

(16) Exhaust pipe diameter(s) (Diesel 
engines only). 

(17) Maximum exhaust system back 
pressure (Diesel engines only). 

(18) Maximum exhaust system back 
pressure at 2000 rpm, if applicable (gas-
oline-fueled engines only). 

(b) Test data; general. This informa-
tion may be recorded at any time be-
tween 4 hours prior to the test and 4 
hours after the test. 

(1) Engine-system combination. 
(2) Engine identification number. 
(3) Instrument operator. 
(4) Engine operator. 
(5) Number of hours of operation ac-

cumulated on the engine prior to be-
ginning the warm-up portion of the 
test. 

(6) Fuel identification. 
(7) Date of most recent analytical as-

sembly calibration. 
(8) All pertinent instrument informa-

tion such as tuning, gain, serial num-
bers, detector number, calibration 

curve numbers, etc. As long as this in-
formation is traceable, it may be sum-
marized by system number or analyzer 
identification numbers. 

(c) Test data; pre-test. (1) Date and 
time of day. 

(2) Test number. 
(3) Ambient temperature in dyna-

mometer testing room (gasoline-fueled 
engines only). 

(4) Barometric pressure, pre-test for 
gasoline-fueled engines, pre-test seg-
ment for Diesel engines. 

(5) Engine intake humidity, pre-test 
for gasoline-fueled engines, pre-test 
segment for Diesel engines with non- 
conditioned air supply systems. 

(6) Maximum observed torque for in-
termediate and rated speeds (Diesel en-
gines only). 

(7) Maximum observed torque at 2000 
rpm (gasoline-fueled engines only). 

(8) Recorder chart or equivalent. Iden-
tify for each test (test segment for Die-
sel engines) zero traces for each range 
used, and span traces for each range 
used. 

(d) Test data; modal. (1) Recorder 
chart or equivalent. Identify for each 
test mode the emission concentration 
traces and the associated analyzer 
range(s). The start and finish of each 
test. 

(2) Observed engine torque. 
(3) Observed engine rpm. 
(4) Record engine torque and engine 

rpm continuously with a chart recorder 
or equivalent recording device. 

(5) Intake air flow and depression for 
each mode (Diesel engines only). 

(6) Engine intake air temperature for 
each mode (Diesel engines only). 

(7) Fuel flow for each mode. If the fuel 
flow measurement is a volume meas-
urement system, record the fuel tem-
perature in the measurement system 
for fuel density corrections to the mass 
flow rate. If the fuel temperature is 
within 3 °C (5.4 °F) of the calibration 
temperature, no density correction is 
required. 

(8) Engine intake humidity (only for 
Diesel engines with humidity condi-
tioned air supply). 

(e) Test data; post-test. (1) Recorder 
chart or equivalent. Identify the hang- 
up check. 

(2) Recorder chart or equivalent. Iden-
tify the zero traces for each range used 
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and the span traces for each range 
used. 

(3) Ambient temperature in the dyna-
mometer testing room (gasoline-fueled 
engines only). 

(4) Total number of hours of oper-
ation accumulated on the engine. 

[42 FR 45154, Sept. 8, 1977, as amended at 46 
FR 50495, Oct. 13, 1981; 47 FR 49807, Nov. 2, 
1982] 

§ 86.338–79 Exhaust measurement ac-
curacy. 

(a) The analyzers must be operated 
between 15 percent and 100 percent of 
full-scale chart deflection during the 
measurement of the emissions for each 
mode. The exceptions to the lower 
limit of this operating rule are: 

(1) The analyzer’s response may be 
less than 15 percent of full-scale if the 
full-scale value is 155 ppm (or ppm C) 
or less. 

(2) Option. For CO analysis the ana-
lyzer’s response may be less than 15 
percent of full scale if the full-scale 
value is 5500 ppm or less. 

(3) The analyzer’s response may be 
less than 15 percent of full scale if the 
emissions from the engine are erratic 
and the average chart-deflection value 
is greater than 15 percent of full scale. 

(4) For gasoline-fueled engines, the 
analyzer’s response may be less than 15 
percent of full scale during the initial 
part of the CT mode provided that av-
erage chart-deflection value is greater 
than 15 percent of full scale. 

(5) The analyzer’s response may be 
less than 15 percent of full scale if the 
contribution of all modes read below 
the 15 percent level is less than 10 per-
cent by mass of the final test results. 

(6) The HC analyzer’s response may 
be less than 15 percent of full-scale 
when transient emissions (spikes) can 
be reasonably expected to exceed 90 
percent of full-scale. Higher analyzer 
ranges may be used provided that the 
precision and linearity of the analyzer 
at the level of the readings below 15 
percent meets the specifications of the 
range that would be required if the 
transient emissions did not exist. 

(b) [Reserved] 

(Secs. 206, 301(a), Clean Air Act as amended 
(42 U.S.C. 7525, 7601(a))) 

[42 FR 45154, Sept. 8, 1977, as amended at 44 
FR 16917, Mar. 20, 1979; 46 FR 50495, Oct. 13, 
1981, and 47 FR 49807, Nov. 2, 1982] 

§ 86.339–79 Pre-test procedures. 
(a) Allow a minimum of 30 minutes 

warm-up in the stand-by or operating 
mode prior to spanning the analyzers. 

(b) Replace or clean the filter ele-
ments and then vacuum leak check the 
system, § 86.328(a). A pressure leak 
check is also permitted per § 86.328(b). 
Allow the heated sample line, filters, 
and pumps to reach operating tempera-
ture. 

(c) Perform the following system 
checks: 

(1) If a stainless steel NO2 to NO con-
verter is used, prior to gasoline-fueled 
engine tests, purge the converter with 
air (zero-grade air, room air, or O2) for 
a minimum of 30 minutes. The con-
verter must be at operational tempera-
ture while purging. 

(2) Check the sample-line tempera-
ture (see § 86.310). 

(3) Check the system response time 
(see § 86.329). System response time 
may be applied from the most recent 
check of response time if all of the fol-
lowing are met: 

(i) The flow rate for each flow meter 
is equal to or greater than the flow 
rate recorded in § 86.329(b)(1)(ii). 

(ii) For analyzers with capillaries, 
the response time from the sample/span 
valve is measured using in-use pres-
sures and bypass flows (see 
§ 86.329(b)(2)). 

(iii) The response time measured in 
step (ii) is equal to or less than the re-
sponse time determined in 
§ 86.329(b)(2)(vii). 

(4) A hang-up check is permitted. 
(5) A converter-efficiency check is 

permitted. The check need not conform 
to § 86.332(b). The test procedure may 
be aborted at this point in the proce-
dure in order to repair the NO2 to NO 
converter. If the test is aborted, the 
converter must pass the efficiency 
check described in § 86.332(b) prior to 
starting the dynamometer test run. 

(d) Introduce the zero-grade gases at 
the same flow rates and pressures used 
to calibrate the analyzers and zero the 
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analyzers on the lowest anticipated 
range that will be used during the test. 
Immediately prior to each test (seg-
ment, for Diesel engines), obtain a sta-
ble zero for each anticipated range that 
will be used during the test. 

(e) Introduce span gases to the in-
struments under the same flow condi-
tions as were used for the zero gases. 
Adjust the instrument gains on the 
lowest range that will be used to give 
the desired value. Span gases should 
have a concentration greater than 70 
percent of full scale for each range 
used. Immediately prior to each test 
and also prior to each segment of the 
Diesel test, record the response to the 
span gas and the span-gas concentra-
tion for each range that will be used 
during the test. 

(f) Check the zero responses. If they 
have changed more than 0.5 percent of 
full scale, repeat paragraphs (d) and (e) 
of this section. 

(g) Check system flow rates and pres-
sures. Note the values of gauges G3 and 
G4 for reference during the test. 

§ 86.340–79 Gasoline-fueled engine dy-
namometer test run. 

(a) This section applies to gasoline- 
fueled engines only. Diesel engines are 
covered in § 86.341. 

(b)(1) Mount test engine on the en-
gine dynamometer. 

(2) Install instrumentation and sam-
ple probe. 

(3) Read and record the general test 
data as specified in § 86.337(b). 

(c) Precondition the engine by the 
following continuous steps: 

(1) The engine shall be started and 
operated at: 

(i) Zero load in accordance with the 
manufacturer’s start-up and warm-up 
procedures for 1 minute ±30 sec; 

(ii) A torque equivalent to 10±3 per-
cent of the most recent determination 
of maximum torque for 4 minutes ±30 
second at 2,000 rpm. This torque level 
may be exceeded if the choke and fast 
idle cam mechanism would normally 
result in a stabilized idle speed in ex-
cess of 2,000 rpm. 

(iii) A torque equivalent to 55±5 per-
cent of the most recent determination 
of maximum torque for 35 minutes ±1 
minute at 2000 rpm; 

(iv) Option. If the engine has been op-
erating on service accumulation for a 
minimum of 40 minutes, the service ac-
cumulation may be substituted for 
steps (i) through (iii). 

(2) If tested under the provisions of 
§ 86.079–29, check specifications as re-
quired. This check must be performed 
within 20 minutes after completion of 
engine preconditioning; 

(3) Determine the maximum torque 
of the engine at 2000 rpm ±100 rpm; 

(i) Operate the engine with the throt-
tle fully opened for a maximum of 
three minutes. During the second 
minute of operation, record the high 
and low torque readings. The average 
of these two readings will be the max-
imum torque value at 2000 rpm. 

(ii) Calculate the torque cor-
responding to 10, 25, 55, and 90 percent 
of the observed maximum torque value. 

(4) Determine the analyzer ranges re-
quired for each mode specified in 
§ 86.335 to meet the range specifications 
of § 86.338. Prior to determining the 
range selection, the automatic dyna-
mometer controller, if used, may be 
calibrated for the prevailing ambient 
conditions. The engine must not be op-
erated for more than 30 minutes. Cycle 
1, or cycles 1 and 2, specified in § 86.335, 
may be used for this purpose. 

(5) The engine shall be turned off and 
allowed to stand for at least 1 hour, but 
not more than 2 hours, at an average 
ambient temperature of 25 °C±5 °C (77 
°F±9 °F). 

(d) The following steps shall be taken 
for each test: 

(1) Maintain dynamometer test cell 
average ambient temperature at 25 °C±5 
°C (77 °F±9 °F); 

(2) Observe pre-test procedures; 
§ 86.339; 

(3) Start cooling system; 
(4) Start engine and operate in ac-

cordance with manufacturer’s start-up 
and warm-up procedures. The duration 
of the warm-up procedures shall be 5 
minutes ±30 seconds. Sample flow may 
begin during the warm-up; 

(5) Read and record all pre-test data 
specified in § 86.337(c) during the 5 
minute warm-up; 

(6) Release the choke idle-stop (if 
necessary) and return the engine throt-
tle control to the curb-idle position, 
start sample flow and recorders if not 
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already started, and begin test se-
quence of § 86.335; 

(7) Should it be determined that the 
test must be rerun, then only the soak 
specified in paragraph (c)(5) of this sec-
tion need be performed prior to para-
graph (d) of this section; 

(8) Perform the test cycle, § 86.335, 
and continuously record exhaust gas 
concentrations; 

(9) Read and record all modal data 
specified in § 86.337(d) during the test 
cycle; 

(10) The engine speed and load must 
be maintained within the requirements 
of § 86.343; 

(11) If at any time during a test, the 
test equipment malfunctions or the 
specifications in paragraph (d)(10) of 
this section are not met, the test is 
void, and may be aborted. The test se-
quence may be restarted under the pro-
visions of paragraph (c)(5) of this sec-
tion. 

(e) Exhaust gas measurements. (1) 
Measure HC, CO, CO2, and NOX volume 
concentration in the exhaust sample. 
Should the analyzer response exceed 
100 percent of full scale or respond less 
than 15 percent of the full scale, the 
next higher or lower analyzer range 
shall be used per § 86.338. For excep-
tions to the lower limit see § 86.338. 
Should the fuel flow instrument read 
below 20 percent of the full-scale value, 
a flow measurement unit with a lower 
scale must be used unless the option in 
§ 86.314 is desired. 

(2) For each analyzer, each range 
that may be used during a test must 
have the zero and span responses re-
corded prior to the execution of that 
test. Only the range(s) used to measure 
the emissions during a test are re-
quired to have their zero and span re-
corded after the completion of the test. 

(3) If during an emission test the 
value of gauges downstream of the 
NDIR analyzer(s) (G3 or G4) differs by 
more than ±2 inches of water from the 
pretest value, the test is void. 

(Secs. 206, 301(a), Clean Air Act as amended 
(42 U.S.C. 7525, 7601(a))) 

[42 FR 45154, Sept. 8, 1977, as amended at 44 
FR 16917, Mar. 20, 1979; 46 FR 50496, Oct. 13, 
1981; 47 FR 49807, 49813, Nov. 2, 1982] 

§ 86.341–79 Diesel engine dynamom-
eter test run. 

(a) This section applies to Diesel en-
gines only. Gasoline-fueled engines are 
covered in § 86.340. 

(b) The temperature of the air sup-
plied to the engine shall be between 68 
°F and 86 °F. The fuel temperature at 
the pump inlet shall be 100 °F±10 °F. 
The observed barometric pressure shall 
be between 28.5 inches and 31 inches 
Hg. Higher air temperature or lower 
barometric pressure may be used, if de-
sired, but no allowance shall be made 
for increased emissions because of such 
conditions unless correction factors are 
developed and approved in advance by 
the Administrator. 

(c) The governor and fuel system 
shall have been adjusted to provide en-
gine performance at the levels in the 
application for certification required 
under § 86.079–21. These adjustments are 
only permitted under the provisions of 
§ 86.079–25. 

(d) The following steps shall be taken 
for each test: 

(1) Install instrumentation and sam-
ple probes as required; 

(2) Observe pre-test procedure, 
§ 86.339; 

(3) Read and record the general test 
data as specified in § 86.337(b); 

(4) Start cooling system; 
(5) Precondition the engine in the fol-

lowing manner: 
(i) Operate the engine at idle for 2 to 

3 minutes; 
(ii) Operate the engine at approxi-

mately 50 percent power at the peak 
torque speed for 5 to 7 minutes; 

(iii) Operate the engine at rated 
speed and maximum horsepower for 25 
to 30 minutes; 

(iv) Option. It is permitted to pre-
condition the engine at rated speed and 
maximum horsepower until the oil and 
water temperatures are stabilized. The 
temperatures are defined as stabilized 
if they are maintained within 2 percent 
of point for 2 minutes. The engine must 
be operated a minimum of 10 minutes 
for this option. This optional procedure 
may be substituted for step (iii); 

(v) Option. If the engine has been op-
erating on service accumulation for a 
minimum of 40 minutes, the service ac-
cumulation may be substituted for 
steps (i) through (iii); 
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(vi) Longer preconditioning times 
may be used only if prior approval is 
obtained from the Administrator. 

(6) Within a total elapsed time of 10 
minutes or less, determine by experi-
mentation the maximum torque at the 
rated and intermediate speeds; 

(7) Calculate the torque cor-
responding to 2, 25, 50, 75, and 100 per-
cent of the maximum observed torque 
for the rated and intermediate speeds; 

(8) Read and record all pre-test data 
specified in § 86.337(c); 

(9) Start the test cycle, § 86.336, with-
in 10 minutes, after determining test 
load using the torque values deter-
mined in paragraph (d)(6) of this sec-
tion; 

(10) Read and record all modal data 
specified in § 86.337(d) during the last 2 
minutes of each mode; 

(11) Continuously record the ana-
lyzer’s response to the exhaust gas dur-
ing each test segment; 

(12) Test segments may be repeated; 
(13) If a delay of more than 20 min-

utes occurs between the end of one seg-
ment and the beginning of another seg-
ment the test is void. The test may be 
restarted at paragraph (d)(8) of this 
section. If the delay exceeds 4 hours, 
the test shall be restarted at paragraph 
(d)(2) of this section; 

(14) The engine speed and load must 
be maintained within the requirements 
of § 86.336 during the last 2 minutes of 
each mode. If the requirement is not 
met for all modes during a test seg-
ment, that segment of the test is void. 
The test segment may be restarted be-
ginning with paragraph (d)(8) of this 
section; 

(15) If at any time during a test seg-
ment, the test equipment malfunctions 
or the specifications in paragraph 
(d)(14) of this section are not met, the 
test segment is void, and may be abort-
ed. The test segment may be restarted 
beginning with paragraph (d)(8) of this 
section; 

(16) Fuel flow and air flow during the 
idle or 2-percent load conditions may 
be determined just prior to or imme-
diately following the dynamometer se-
quence, if longer times are required for 
accurate measurements. 

(e) Exhaust gas measurements. (1) 
Measure HC, CO, CO2, and NOX volume 
concentration in the exhaust sample. 

Should the analyzer response exceed 
100 percent of full scale or respond less 
than 15 percent of full scale, the next 
higher or lower analyzer range shall be 
used per § 86.338. For exceptions to the 
lower limit see § 86.338. Should the fuel 
flow instrument read below 20 percent 
of full-scale value, a smaller flow meas-
urement unit must be used unless the 
option in § 86.314 is desired. 

(2) Each analyzer range that may be 
used during a test segment must have 
the zero and span responses recorded 
prior to the execution of that test seg-
ment. Only the range(s) used to meas-
ure the emissions during a test seg-
ment are required to have their zero 
and span recorded after the completion 
of the test segment. 

(3) It is permitted to change filter 
elements between test segments. 

(4) A leak check is permitted between 
test segments. 

(5) A hang-up check is permitted be-
tween test segments. 

(6) If, during the emission measure-
ment portion of a test segment, the 
value of the gauges downstream of the 
NDIR analyzer(s) G3 or G4 differs by 
more than ±2 inches of water from the 
pretest value, the test segment is void. 

[42 FR 45154, Sept. 8, 1977, as amended at 46 
FR 50496, Oct. 13, 1981, and 47 FR 49807, Nov. 
2, 1982] 

§ 86.342–79 Post-test procedures. 
(a) Begin a hang-up check within 30 

seconds of the completion of the last 
mode in the test. Use the following pro-
cedure: 

(1) Introduce a zero-grade gas or 
room air into the sample probe or valve 
V2 to check the ‘‘hangup zero’’ re-
sponse. Simultaneously start a time 
measurement. 

(2) Select the lowest HC range used 
during the test; 

(3) The difference between the span- 
zero response and the hang-up zero re-
sponse shall not be greater than 5.0 
percent of full scale or 10 ppmC which-
ever is greater, within: 

(i) 50 seconds for gasoline-fueled en-
gine test, or 

(ii) 4 minutes for Diesel engine tests, 
or 

(b) Begin the analyzer span checks 
within 6 minutes after the completion 
of the last mode in the test. Record for 
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each analyzer the zero and span re-
sponse for each range used during the 
preceding test or test segment. 

(c) If during the test, the filter ele-
ment(s) were replaced or cleaned, a 
vacuum check must be performed per 
§ 86.328 immediately after the span 
checks. If the vacuum side leak check 
does not meet the requirements of 
§ 86.328 the test is void. 

(d) Read and record the post-test 
data specified in § 86.337(e). 

(e) For a valid test, the analyzer drift 
between the before-test and after-test 
(before-segment and after-segment for 
Diesels) span checks for each analyzer 
must meet the following requirements: 

(1) The span drift (defined as the 
change in the difference between the 
zero response and the span response) 
must not exceed 2.0 percent of full- 
scale chart deflection for each range 
used; 

(2) The zero response drift must not 
exceed 2.0 percent of full-scale chart 
deflection for each range used above 155 
ppm (or ppm C), or 3 percent of full- 
scale chart deflection for each range 
below 155 ppm (or ppm C). 

(Secs. 206, 301(a), Clean Air Act as amended 
(42 U.S.C. 7525, 7601(a))) 

[42 FR 45154, Sept. 8, 1977, as amended at 44 
FR 16917, Mar. 20, 1979; 46 FR 50496, Oct. 13, 
1981; 47 FR 49807, Nov. 2, 1982] 

§ 86.343–79 Chart reading. 
(a) A computer or any other auto-

matic data processing device(s) may be 
used as long as the system meets the 
requirements of this subpart. 

(b) Determine the location on the 
chart of the analyzer responses cor-
responding to the end of each mode. 

(c) For gasoline-fueled engines, deter-
mine whether the test cycle was run in 
accordance with § 86.335 by observing 
either chart event marks, speed trace, 
torque trace, or concentration traces. 
The test will be invalidated if there is 
a deviation of more than: 

(1) 2 seconds from the specified time 
for each CT mode, and 4 seconds for all 
other modes; or, 

(2) Two percent of maximum torque 
during the exhaust gas sampling period 
(last 10 seconds on each nonclosed 
throttle gasoline-fueled engine mode); 
or 

(3) 5 percent of maximum torque dur-
ing the remainder of the mode, exclud-
ing the first 35 seconds of the mode; or 

(4) 200 rpm during the first 10 seconds 
of each mode, or 100 rpm during the re-
mainder of each mode. 

(d) Determine chart deflections. 
(1) Locate the last 10 seconds of each 

gasoline-fueled engine mode except CT. 
Locate the last 50 seconds of each gaso-
line-fueled engine CT mode. For all 
Diesel engine modes locate the last 60 
seconds. 

(2)(i) Divide the last 10 seconds or 60 
seconds, whichever is applicable, into a 
minimum of 10 equally spaced incre-
ments. Determine the chart deflection 
of each increment for the CO2, CO, HC, 
and NOX analyzers. 

(ii) Option for Diesel engine modes. If 
the deviation from a straight line 
(other than instrument noise) during 
this 60 seconds is less than ±5 percent 
of full-scale, the average chart deflec-
tion may be determined by eye. The av-
erage value (one number) may then be 
used in lieu of the 10 values required by 
paragraph (d)(2)(i) of this section. 

(3) Other methods of determining the 
chart deflection of the analyzers may 
be used only with prior approval by the 
Administrator. 

(e) Determine CO2, CO, HC, and NOX 
concentrations for each mode. 

(1) If the option in paragraph (d)(2)(ii) 
of this section is employed, then those 
chart deflections for both linear and 
non-linear analyzers may be sub-
stituted for the average chart deflec-
tion in step (e)(2). 

(2) For linear instruments, average 
the chart deflections determined in 
paragraph (d)(2)(i) of this section. De-
termine the concentration for this av-
erage chart deflection using calibra-
tion data. 

(3) For non-linear instruments, cal-
culate concentrations for each chart 
deflection determined in paragraph 
(d)(2)(i) of this section. Take the aver-
age of these concentrations for each 
mode. 

(4) For purposes of this paragraph, 
calibration data includes calibration 
curves, linearity curves, span-gas re-
sponses, and zero-gas responses. 

[42 FR 45154, Sept. 8, 1977, as amended at 47 
FR 49813, Nov. 2, 1982] 
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§ 86.344–79 Humidity calculations. 
(a) The following abbreviations (and 

units) are used in this section: 

BARO = barometric pressure (Pa) 
H = specific humidity, (gm H2O/gm of dry air) 
K = 0.6220 gm H2O/gm dry air 
Mair = Molecular weight of air = 28.9645 
MH2O = Molecular weight of water = 18.01534 
PDB = Saturation vapor pressure of water at 

the dry bulb temperature (Pa) 
PDP = saturation vapor pressure of water at 

the dewpoint temperature (Pa) 
Pv = partial pressure of water vapor (Pa) 
PWB = saturation vapor pressure of water at 

the wet bulb temperature (pa) 
TDB = Dry bulb temperature (°K) 
TWB = Wet bulb temperature (°K) 
Y = Water-vapor volume concentration 

(b) The specific humidity on a dry 
basis of the intake air (H) is defined by 
equation (1). 

H
K

BARO P
=

−

( ) )
( )

 (Pv

v

1

(c) The partial pressure of water 
vapor may be determined in two man-
ners: 

(1) A dew point device may be used. 
In that case: 

Pv=PDP 

(2) A wet-bulb, dry-bulb method may 
be used. In that case ‘‘Ferrels equa-
tion’’ (eq. (2)) is used. 

P P T T BARO Tv WB DB WB WB= − − + −0 000660 1 0 00115 27315 2. ( ) [ . ( . )] ( )

(d)(1) The saturation vapor pressure 
(PWB) of water at the wet-bulb tempera-
ture is defined by equation (3) (Ref. 
Wexler and Greenspan, equation (23), 
National Bureau of Standards). 

P B T F TWB WB i WB
i= +

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

−

=
∑exp ( )2 in 
i 0

9

3

where: 

PWB is in Pascals (Pa) 
TWB = Web-bulb temperature (°K) 
B = ¥ 12.150799 
F0 = ¥ 8.49922(10)3 
F1 = ¥ 7.4231865(10)3 
F2 = 96.1635147 
F3 = 2.4917646(10) ¥2 
F4 = ¥ 1.3160119(10) ¥5 
F5 = ¥ 1.1460454(10) ¥8 
F6 = 2.1701289(10) ¥11 
F7 = ¥ 3.610258(10) ¥15 
F8 = 3.8504519(10) ¥18 
F9 = ¥ 1.4317(10) ¥21 

(2) The table in Figure D79–5 may be 
used in lieu of equation (3). 

(e) The saturated vapor pressure of 
water at the dry-bulb temperature 
(PDB) is found (if required) by using 
dry-bulb absolute temperature (°K) in 
equation (3). 

(f) The percent of relative humidity 
(RH) (if required) is defined by equa-
tion (4). 

RH
P

P
= n

DB

( ) ( )100 4

(g) The water-vapor volume con-
centration on a dry basis of the engine 
intake air (Y) is defined by equation 
(5). 

Y
H M

M

P

BARO P
air

H O

v

v

= −
−

( )( )

( )
( )

2

5

FIGURE D79–5—SATURATION VAPOR PRESSURE OVER WATER (PASCALS) 

Temperature °C 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

0 ........................ 610.752 615.207 619.690 624.203 628.744 633.315 637.916 642.545 647.205 651.894 
1 ........................ 656.614 661.364 666.144 670.955 675.796 680.669 685.572 690.507 695.473 700.471 
2 ........................ 705.500 710.562 715.655 720.781 725.939 731.130 736.354 741.611 746.901 752.224 
3 ........................ 757.581 762.971 768.396 773.854 779.347 784.874 790.436 796.033 801.664 807.331 
4 ........................ 813.034 818.771 824.545 830.355 836.200 842.082 848.001 853.956 859.948 865.978 
5 ........................ 872.045 878.149 884.291 890.470 896.688 902.945 909.239 915.573 921.945 928.357 
6 ........................ 934.808 941.298 947.828 954.399 961.009 967.660 974.351 981.083 987.856 994.670 
7 ........................ 1001.53 1008.42 1015.36 1022.34 1029.37 1036.43 1043.54 1050.70 1057.89 1065.13 
8 ........................ 1072.41 1079.74 1087.11 1094.52 1101.98 1109.48 1117.03 1124.63 1132.27 1139.95 
9 ........................ 1147.68 1155.46 1163.28 1171.15 1179.07 1187.04 1195.05 1203.11 1211.21 1219.37 
10 ...................... 1227.57 1235.83 1244.13 1252.48 1260.88 1269.32 1277.82 1286.37 1294.97 1303.62 
11 ...................... 1312.32 1321.07 1329.87 1338.73 1347.63 1356.59 1365.60 1374.67 1383.78 1392.95 
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FIGURE D79–5—SATURATION VAPOR PRESSURE OVER WATER (PASCALS)—Continued 

Temperature °C 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

12 ...................... 1402.17 1411.45 1420.78 1430.16 1439.60 1449.10 1458.64 1468.25 1477.91 1487.62 
13 ...................... 1497.39 1507.22 1517.11 1527.05 1537.04 1547.10 1557.21 1567.39 1577.62 1587.90 
14 ...................... 1598.25 1608.66 1619.12 1629.65 1640.24 1650.88 1661.59 1672.36 1683.18 1694.08 
15 ...................... 1705.03 1716.04 1727.12 1738.26 1749.46 1760.73 1772.06 1783.45 1794.91 1806.43 
16 ...................... 1818.01 1829.67 1841.38 1853.17 1865.02 1876.93 1888.91 1900.96 1913.08 1925.27 
17 ...................... 1937.52 1949.84 1962.23 1974.69 1987.21 1999.81 2012.48 2025.21 2038.02 2050.90 
18 ...................... 2063.85 2076.87 2089.97 2103.13 2116.37 2129.68 2143.07 2156.53 2170.06 2183.66 
19 ...................... 2197.34 2211.10 2224.93 2238.84 2252.82 2266.88 2281.02 2295.23 2309.52 2323.89 
20 ...................... 2338.34 2352.86 2367.47 2382.15 2396.91 2411.76 2426.68 2441.68 2456.77 2471.93 
21 ...................... 2487.18 2502.51 2517.93 2533.42 2549.00 2564.66 2580.41 2596.24 2612.16 2628.16 
22 ...................... 2644.25 2660.42 2676.68 2693.02 2709.46 2725.98 2742.59 2759.28 2776.07 2792.94 
23 ...................... 2809.91 2826.96 2844.11 2861.34 2878.67 2896.09 2913.60 2931.20 2948.89 2966.68 
24 ...................... 2984.56 3002.54 3020.61 3038.77 3057.03 3075.39 3093.84 3112.39 3131.03 3149.78 
25 ...................... 3168.62 3187.55 3206.59 3225.73 3244.96 3264.30 3283.73 3303.27 3322.91 3242.65 
26 ...................... 3362.49 3382.43 3402.48 3422.63 3442.89 3463.24 3483.71 3504.28 3524.95 3545.73 
27 ...................... 3566.62 3587.62 3608.72 3629.93 3651.25 3672.67 3694.21 3715.86 3737.61 3759.48 
28 ...................... 3781.46 3803.55 3825.75 3848.07 3870.50 3893.04 3915.70 3938.47 3961.36 3984.36 
29 ...................... 4007.48 4030.71 4054.06 4077.53 4101.12 4124.83 4148.65 4172.59 4196.66 4220.84 
30 ...................... 4245.15 4269.58 4294.13 4318.80 4343.60 4368.52 4393.56 4418.73 4444.02 4469.44 

§ 86.345–79 Emission calculations. 
(a) The following abbreviations (and 

units) are used in this section. 

a = atomic hydrogen/carbon ratio of the fuel 
j = dry fuel-air ratio (measured)/fuel-air 

ratio (stoichiometric) 
BARO = Barometric pressure (in. H gA) 
BHP = Brake horsepower 
BSCO = Brake specific carbon monoxide 

emissions, (gm/BHP-HR) 
BSFC = Brake specific fuel consumption (lb/ 

BHP-HR) 
BSHC = Brake specific hydrocarbon emis-

sions (gm/BHP-HR) 
BSNOX = Brake specific oxides of nitrogen 

emissions (gm/BHP-HR) 
DCO = CO volume concentration in exhaust, 

ppm (dry) 
DCO2 = CO2 volume concentration in ex-

haust, percent (dry) 
DHC = HC volume carbon concentration in 

exhaust, ppmC (dry) 
DKNO = NO volume concentration in ex-

haust, in ppm (dry and humidity corrected) 
EIP = engine intake pressure (in. H gA) = 

BARO ¥ inlet depression 
f/a = measured dry fuel-air ratio 
G = humidity of the inlet air in grains of 

water per pound of dry air = (453.59/0.0648) 
H, (see § 86.344) 

K = water ¥ gas equilibrium constant = 3.5 
KNOx = Humidity correction factor for oxides 

of nitrogen 
Kw = Wet to dry correction factor 
MC = Atomic weight of carbon 
(MC + MH) = mean molecular weight of the 

fuel per carbon atom 
MCO = Molecular weight of CO 
MF = Mass flow-rate of fuel used in the en-

gine in lb/hr = Wf/453.59 
MH = Atomic weight of hydrogen 

MNO2 = Molecular weight of nitrogen dioxide 
(NO2) 

T = Temperature of inlet air ( °F) 
WCO = Mass rate of CO in exhaust, grams/hr 
Wf = Mass flow-rate of fuel used in the en-

gine, in grams/hr = (453.59)×(Wf lbs/hr) 
WHC = HC volume concentration in exhaust, 

ppm C(wet) 
WHC = Mass rate of HC in exhaust, grams/hr 
WNOx = Mass rate of NOX in exhaust, grams/ 

hr 
Y = H2O volume concentration of intake air 

(See § 86.344) 

(b) Determine the exhaust species 
volume concentration for each mode. 

(c)(1) Convert wet basis measure-
ments to a dry basis by the following: 

Dry concentrations = 1/KW×wet con-
centrations. KW is defined by the equa-
tion in Figure D79–6. 

(2) For Diesel engines, for each mode 
use the measured engine (f/a) entering 
the combustion chamber when calcu-
lating j. If applicable bleed air, etc. 
must be subtracted from the measured 
air flow (see § 86.313). 

(3) For gasoline-fueled engines, op-
tional for Diesel engines, calculate j 
for each mode by substituting WHC for 
DHC in the (f/a) equations in paragraph 
(d) of this section. 

(4) Calculate a Y value for each gaso-
line-fueled engine test from the pre- 
test data. Apply the Y value to the KW 
equation for the entire test. 

(5) Calculate a separate Y value for 
each Diesel test segment from the pre-
test-segment data. Apply the Y value 
to the KW equation for the entire test- 
segment. 
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FIGURE D79–6. Kw—WET TO DRY CORRECTION FACTOR 

(d) Compute the dry (f/a) if required 
as follows: 

( / )
. ( / )( / )

( ) ( )
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f a
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Where 

( / )
. ( / )

/ / /

f a stoich
M M

X DCO DCO DHC

C H=
+

+

= + +

α
α13818 1 4

10 10 102
2 6 6

(e) Data validation—(1) Diesel engines 
only. Compare the calculated dry (f/a) 
with the measured fuel and air flow. 
For a valid test the emission cal-
culated (f/a) must agree within 10 per-
cent of the measured (f/a) for each 
mode. Diesel engine idle and 2 percent 
modes do not have to meet this re-
quirement. 

(2) Fuel/Air ratio comparison. When 
comparing measured (f/a) ratio to an 
emissions calculated (f/a) ratio, the 
measured air flow (in terms of mass) is 
the total mass of air entering the ex-
haust pipe. This may include additions 

of air mass to the exhaust pipe by an 
air injection system. 

(3) Other methods of data validation 
may be used if prior approval is ob-
tained from the Administrator. 

(4) Data validation techniques that 
have obtained prior approval from the 
Administrator for use on gasoline- 
fueled engines may be used to deter-
mine void tests. 

(f) Multiply the dry nitric oxide vol-
ume concentrations by the following 
humidity correction factor to obtain 
DKNO: 

(1) Gasoline-fueled engines: 

KNOx + 0.6272 = 0.00629G ¥ 0.0000176G2 

(2) Diesel engines: 

K
A G B T

xNO
( (

=
+ − + −

1

1 75 85) )
where: 
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A = 0.044 (f/a) ¥ 0.0038 
B = ¥ 0.116(f/a) + 0.0053 
T = Temperature of inlet air, °F. 

(g) Calculate the mass emissions of 
each species in grams per hour for each 
mode as follows: 

( )
( )

( ) ( )
1 HC grams/hr = W

DHC W

DCO DCO DHC
f

HC

4

4
2

4

/10

/10 /10
=

+ +

( )
( )

( )[( ) ( )]
2 CO grams CO

CO/hr = W
M DCO W

M M DCO DCO DHC
f

C H

=
+ + +

/10

/10 /10

4

4
2

4
α

( )
( )

( [( ) ( )]
3 NO x x

NO f

C H

W
M DKNO W

M M DCO DCO DHC
 grams/hr = NO

2
4

4
2

4

/10

/10 /10
=

+ + +α

(h)(1) For gasoline-fueled engines, 
weight the mass values of BHIP, WHC, 
WCO, Mf, and WNOx for each mode by 
multiplying the modal mass values by 
the appropriate modal weighting factor 
prescribed by § 86.335. 

(2) For Diesel engines, weight the 
values of BHP, WHC, WCO, WNOx, and Mf 
as follows: 

(i) Weight the values from each idle 
mode by multiplying the values by 
(0.067); 

(ii) Weight the remaining modes by 
multiplying the values by 0.08. 

(i) Calculate the brake specific emis-
sions for: 

(1) Each gasoline-fueled engine test 
cycle, and 

(2) Each Diesel engine test by sum-
ming the weighted values (BHP, WHC, 
WCO, and WNOx) from each mode as fol-
lows: 

BSHC t
W

BHP
( ) =

weighted

weighted

HC∑

∑

BSCO t
W

BHP
( ) =

weighted

weighted

∑
∑

CO

BSNO t
W

BHP
x

x( ) =
weighted

weighted

∑

∑
NO

(t) = Test cycle number (t = 1, 2) (gasoline- 
fueled engines only). 

(j)(1) Calculate the brake-specific fuel 
consumption (BSFC) from the non-
weighted BHP and Mf for each mode. 

Gasoline-fueled engine idle and CT 
modes, and Diesel idle modes are ex-
cluded. 

(2) For gasoline-fuel engines use: 

BSFC =
M

BHP
f

(3) For Diesel engines use: 

CBSFC =
M

CBHP

f

where: 

CBHP = BHP
EIP

T +29.00 459.69

85 + 459.69

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

0 7.

(4) Other methods of correcting 
power to determine BSFC may be used 
only with prior approval of the Admin-
istrator. 

(k) Calculate the weighted brake-spe-
cific fuel consumption (WBSFC) for 

(1) Each gasoline engine test cycle 
by: 

WBSFC t
M

BHP
f( ) =

∑
∑

weighted

weighted
where: 

t = Test cycle number (t = 1,2) 

(2) Each Diesel engine test by: 

WCBSFC =
M

CBHP

f∑

∑

weighted

weighted
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(l) For gasoline-fueled engines, cal-
culate the brake-specific emissions and 
fuel consumption for the complete test 
as follows: 

BSHC(T) = 0.35 BSHC(1) = 0.65 BSHC(2) 

BSCO(T) = 0.35 BSCO(1) = 0.65 BSCO(2) 

BSNOx(T) = 0.35 BSNOx(1) = 0.65 
BSNOx(2) 

WBSFC(T) = 0.35 WBSFC(1) = 0.65 
WBSFC(2) 

§ 86.346–79 Alternative NOX measure-
ment technique. 

(a) Oxides of nitrogen (NOX) may be 
measured with the following ‘‘alter-
native instrumentation’’ for both Die-
sel and gasoline-fueled engines. The 
‘‘alternative instrumentation’’ shall 
consist of: 

(1) A heated sample line maintained 
above the dew point: 

(2) An NO2 to NO converter obtaining 
a sample directly from the heated sam-
ple line; and 

(3) A combination per 40 CFR 86.777 
or 40 CFR 86.977, whichever is applica-
ble of a water trap, dryer, flow con-
trols, and an NO NDIR analyzer obtain-
ing a sample from the converter. 

(b) The provisions of 40 CFR 86 sub-
part D shall apply to the ‘‘alternative 
instrumentation’’, where applicable, 
with the following exceptions: 

(1) Analyzer specifications found in 
§§ 86.315, 86.321, and 86.322 do not apply 
to the ‘‘alternative instrumentation’’. 

(2) For the purposes of this section, 
the full-scale value specified in § 86.338 
(a)(1) shall be 1,500 ppm for Diesel en-
gines and 2,500 ppm for gasoline-fueled 
engines. 

(c) The ‘‘alternative instrumenta-
tion’’ shall be calibrated per § 86.330. 

(d) The NO NDIR analyzer shall meet 
the performance and interference spec-
ifications contained in 40 CFR 86.777 or 
40 CFR 86.977, whichever is applicable. 

(e) The operation of the dryer shall 
follow good engineering practice such 
that the test results are not altered. 
Proper preconditioning of the dryer is 
allowed. 

§ 86.347–79 Alternative calculations for 
diesel engines. 

(a) This section applies to Diesel en-
gines only. Gasoline-fueled engines 
must use the calculations in § 86.345. 

(b) For Diesel engines, the calcula-
tions specified in 40 CFR 86.977–15 may 
be substituted for § 86.345. 

(c) The modal BSFC and weighted 
BSFC shall be calculated per § 86.345. 

(d) If the provisions of this section 
are used, a CO2 measurement is not re-
quired. 

(e) Both 40 CFR 86.977–15(a) and 
§ 86.313 shall apply to air-flow measure-
ments. For the purposes of this section, 
the air-flow measurement accuracy 
specified in § 86.313 shall be ±1 percent. 

§ 86.348–79 Alternative to fuel H/C 
analysis. 

(a) Fuel H/C analysis need not be per-
formed if the following average H/C ra-
tios are used for all calculations. 

(1) #1B1 Diesel: 1:93 
(2) #1B2 Diesel: 1:80 
(3) Gasoline: 1.85 
(b) [Reserved] 

[46 FR 50496, Oct. 13, 1981, and 47 FR 49807, 
Nov. 2, 1982] 

Subpart E—Emission Regulations 
for 1978 and Later New Mo-
torcycles, General Provisions 

SOURCE: 42 FR 1126, Jan. 5, 1977, unless oth-
erwise noted. 

§ 86.401–2006 General applicability. 
This subpart applies to 1978 and later 

model year, new, gasoline-fueled mo-
torcycles built after December 31, 1977, 
and to 1990 and later model year, new 
methanol-fueled motorcycles built 
after December 31, 1989 and to 1997 and 
later model year, new natural gas- 
fueled and liquefied petroleum gas- 
fueled motorcycles built after Decem-
ber 31, 1996 and to 2006 and later model 
year new motorcycles, regardless of 
fuel. 

[69 FR 2435, Jan. 15, 2004] 

§ 86.401–97 General applicability. 
(a) This subpart applies to 1978 and 

later model year, new, gasoline-fueled 
motorcycles built after 31 December, 
1977, and to 1990 and later model year, 
new, methanol-fueled motorcycles 
built after 31 December, 1989 and to 
1997 and later model year, new, natural 
gas-fueled and liquefied petroleum gas- 

VerDate Mar<15>2010 17:16 Sep 13, 2011 Jkt 223161 PO 00000 Frm 00671 Fmt 8010 Sfmt 8010 Q:\40\40V18.TXT ofr150 PsN: PC150


		Superintendent of Documents
	2014-08-18T08:07:06-0400
	US GPO, Washington, DC 20401
	Superintendent of Documents
	GPO attests that this document has not been altered since it was disseminated by GPO




