
362

40 CFR Ch. I (7–1–98 Edition)§ 86.101

meet the requirements of paragraphs
(a), (b), (c), and (d) of this section.

[58 FR 34537, June 28, 1993, as amended at 59
FR 48503, Sept. 21, 1994; 60 FR 43888, Aug. 23,
1995; 62 FR 54720, Oct. 21, 1997]

Subpart B—Emission Regulations
for 1977 and Later Model Year
New Light-Duty Vehicles and
New Light-Duty Trucks; Test
Procedures

SOURCE: 42 FR 32954, June 28, 1977, unless
otherwise noted.

§ 86.101 General applicability.
(a) The provisions of this subpart are

applicable to 1977 and later model year
new light-duty vehicles and light-duty
trucks.

(1) Sections 86.101 through 86.145–78
apply for 1978 and later model years.

(2) [Reserved]
(3) Sections 86.150 through 86.157 de-

scribe the refueling test procedures for
light-duty vehicles and light-duty
trucks and apply for model years 1998
and later.

(4) For fuel economy testing accord-
ing to part 600 of this chapter, in the
model years of 2000 and 2001 only, man-
ufacturers have the option to use the
dynamometer provisions of § 86.108–
00(b)(1) and § 86.129–00 (a), (b), and (c)
instead of the provisions of § 86.108–
00(b)(2) and § 86.129–00 (a), (e), and (f).

(b) Provisions of this subpart apply
to tests performed by both the Admin-
istrator and motor vehicle manufactur-
ers.

(c) National Low Emission Vehicle Pro-
gram for light-duty vehicles and light
light-duty trucks. A manufacturer may
elect to certify 1999 and later model
year light-duty vehicles and light
light-duty trucks to the provisions of
the National Low Emission Vehicle
Program contained in subpart R of this
part. Subpart R of this part is applica-
ble only to those manufacturers that
opt into the National Low Emission
Vehicle Program, under the provisions
of subpart R of this part, and that have
not exercised a valid opt-out from the
National Low Emission Vehicle Pro-
gram, which opt-out has gone into ef-
fect under the provisions of § 86.1707.
All provisions of this subpart are appli-

cable to vehicles certified pursuant to
subpart R of this part, except as spe-
cifically noted in subpart R of this
part.

[42 FR 32954, June 28, 1977, as amended at 59
FR 16295, Apr. 6, 1994; 59 FR 48504, Sept. 21,
1994; 61 FR 54890, Oct. 22, 1996; 62 FR 31234,
June 6, 1997; 63 FR 965, Jan. 7, 1998]

§ 86.102 Definitions.
The definitions in subpart A apply to

this subpart.

[45 FR 14508, Mar. 5, 1980]

§ 86.103 Abbreviations.
The abbreviations in subpart A apply

to this subpart.

[45 FR 14508, Mar. 5, 1980]

§ 86.104 Section numbering; construc-
tion.

(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 86.111–78 applies to the
1978 and subsequent model years until super-
seded. If a § 86.111–81 is promulgated it would
take effect beginning with the 1981 model
year; § 86.111–78 would apply to model years
1978 through 1980.

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

(c) Unless indicated otherwise, all
provisions in this subpart apply to pe-
troleum-fueled, natural gas-fueled, liq-
uefied petroleum gas-fueled and meth-
anol-fueled vehicles.

[42 FR 32954, June 28, 1977. Redesignated at 45
FR 14508, Mar. 5, 1980, as amended at 54 FR
14499, Apr. 11, 1989; 59 FR 48504, Sept. 21, 1994]

§ 86.105 Introduction; structure of sub-
part.

(a) This subpart describes the equip-
ment required and the procedures to
follow in order to perform gaseous ex-
haust, particulate, and evaporative
emission tests on light-duty vehicles
and light-duty trucks. Subpart A of
this part sets forth testing require-
ments and test intervals necessary to
comply with EPA certification proce-
dures. Not all emission measurement
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techniques described in this subpart
will be necessary for all vehicles. Sub-
part A of this part defines the condi-
tions under which vehicles may be ex-
empted from measuring methane and/
or waived from measuring particulate
matter.

(b) Three topics are addressed in this
subpart. Sections 86.106 through 86.115
set forth specifications and equipment
requirements; §§ 86.116 through 86.126
discuss calibration methods and fre-
quency; test procedures and data re-
quirements are listed in §§ 86.127
through 86.157.

[56 FR 25760, June 5, 1991, as amended at 59
FR 16295, Apr. 6, 1994; 59 FR 48504, Sept. 21,
1994]

§ 86.106–00 Equipment required; over-
view.

Section 86.106–00 includes text that
specifies requirements that differ from
§86.106–96. Where a paragraph in
§ 86.106–96 is identical and applicable to
§ 86.106–00, this may be indicated by
specifying the corresponding paragraph
and the statement ‘‘[Reserved]. For
guidance see § 86.106–96.’’

(a) introductory text through (a)(2)
[Reserved]. For guidance see § 86.106–96.

(a)(3) Fuel, analytical gas, and driv-
ing schedule specifications. Fuel speci-
fications for exhaust and evaporative
emissions testing and for mileage accu-
mulation for petroleum-fueled and
methanol-fueled vehicles are specified
in § 86.113. Analytical gases are speci-
fied in § 86.114. The EPA Urban Dyna-
mometer Driving Schedule (UDDS),
US06, and SC03 driving schedules, for
use in exhaust emission tests, and the
New York City Cycle (NYCC), for use
with the UDDS in running loss tests,
are specified in §§ 86.115, 86.130, 86.159,
86.160, and appendix I to this part.

(b) [Reserved]

[61 FR 54890, Oct. 22, 1996]

§ 86.106–90 Equipment required; over-
view.

(a) This subpart contains procedures
for exhaust emissions tests on petro-
leum-fueled, and methanol-fueled
light-duty vehicles and light-duty
trucks, and for evaporative emission
tests on gasoline-fueled and methanol-
fueled light-duty vehicles and light-
duty trucks. Certain items of equip-

ment are not necessary for a particular
test, e.g., evaporative enclosure when
testing diesel vehicles. Alternate sam-
pling systems may be used if shown to
yield equivalent results, and if ap-
proved in advance by the Adminis-
trator. Equipment required and speci-
fications are as follows:

(1) Evaporative emission tests, gasoline-
fueled and methanol-fueled vehicles. The
evaporative emission test is closely re-
lated to and connected with the ex-
haust emission test. All vehicles tested
for evaporative emissions must be test-
ed for exhaust emissions. Further, un-
less the evaporative emission test is
waived by the Administrator under
§ 86.090–26, all gasoline-fueled and meth-
anol-fueled vehicles must undergo both
tests. (Diesel vehicles are excluded
from the evaporative emission stand-
ard.) Section 86.107 specifies the nec-
essary equipment.

(2) Exhaust emission tests. All vehicles
subject to this subpart are tested for
exhaust emissions. The exhaust from
Otto-cycle vehicles is tested for gase-
ous emissions only, using the CVS con-
cept (§ 86.109). The exhaust from diesel
vehicles is tested for both gaseous and
particulate emissions. Petroleum-
fueled diesel vehicle testing also uti-
lizes the CVS concept of measuring
emissions, but requires that a PDP–
CVS or CFV with heat exchanger be
used, and that it be connected to a di-
lution tunnel in order to sample partic-
ulate emissions (§ 86.110). The exhaust
from methanol-fueled diesel vehicles is
tested for both gaseous and particulate
emissions using the CVS concept (ei-
ther PDP CVS or CFV as specified in
§ 86.109 or PDP–CVS or CFV with heat
exchanger as specified in § 86.110 may
be used) and is connected to a dilution
tunnel to sample particulate emissions
(§ 86.110) (This equipment may be used
with methanol-fueled Otto-cycle vehi-
cles, however, particulates are not
measured). All gasoline-fueled and
methanol-fueled vehicles are either
tested for evaporative emissions or un-
dergo a diurnal heat build. Petroleum-
fueled diesel vehicles are excluded from
this requirement. Equipment necessary
and specifications appear in §§ 86.108
through 86.114.
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(3) Fuel, analytical gas, and driving
schedule specifications. Fuel specifica-
tions for exhaust and evaporative emis-
sions testing and for mileage accumu-
lation for petroleum-fueled and meth-
anol-fueled vehicles are specified in
§ 86.113. Analytical gases are specified
in § 86.114. The EPA Urban Dynamom-
eter Driving Schedule (UDDS) for use
in petroleum-fueled and methanol-
fueled exhaust emissions tests is speci-
fied in § 86.115 and appendix I.

(b) [Reserved]

[54 FR 14499, Apr. 11, 1989]

§ 86.106–94 Equipment required; over-
view.

(a) This subpart contains procedures
for exhaust emissions tests on petro-
leum-fueled, natural gas-fueled, lique-
fied petroleum gas-fueled and meth-
anol-fueled light-duty vehicles and
light-duty trucks, and for evaporative
emission tests on gasoline-fueled, natu-
ral gas-fueled, liquefied petroleum gas-
fueled and methanol-fueled light-duty
vehicles and light-duty trucks. Certain
items of equipment are not necessary
for a particular test, e.g., evaporative
enclosure when testing petroleum-
fueled diesel vehicles. Alternate sam-
pling systems may be used if shown to
yield equivalent results and if approved
in advance by the Administrator.
Equipment required and specifications
are as follows:

(1) Evaporative emission tests. The
evaporative emission test is closely re-
lated to and connected with the ex-
haust emission test. All vehicles tested
for evaporative emissions must be test-
ed for exhaust emissions. Further, un-
less the evaporative emission test is
waived by the Administrator under
§ 86.090–26, all vehicles must undergo
both tests. (Petroleum-fueled diesel ve-
hicles are excluded from the evapo-
rative emission standard.) Section
86.107 specifies the necessary equip-
ment.

(2) Exhaust emission tests. All vehicles
subject to this subpart are subject to
testing for both gaseous and particu-
late exhaust emissions using the CVS
concept (§ 86.109), except where exemp-
tions or waivers are expressly provided
in subpart A of these regulations. Vehi-
cles subject to the ‘‘Tier 0’’ (i.e., phase-
out) standards described under subpart

A are exempted from testing for meth-
ane emissions (except natural gas-
fueled vehicles). Otto-cycle vehicles
subject to the ‘‘Tier 0’’ standards are
waived from testing for particulates.
For vehicles waived from the require-
ment for measuring particulate emis-
sions, use of a dilution tunnel is not re-
quired (§ 86.109). The CVS must be con-
nected to the dilution tunnel if partic-
ulate emission sampling is required
(§ 86.110). Petroleum- and methanol-
fueled diesel-cycle vehicle testing re-
quires that a PDP-CVS or CFV with
heat exchanger be used. (This equip-
ment may be used with methanol-
fueled Otto-cycle vehicles; however,
particulates need not be measured for
vehicles that are waived from the re-
quirement). All gasoline-fueled, meth-
anol-fueled, natural gas-fueled and
liquified petroleum gas-fueled vehicles
are either tested for evaporative emis-
sions or undergo a diurnal heat build.
Petroleum-fueled diesel-cycle vehicles
are excluded from this requirement.
Equipment necessary and specifica-
tions appear in §§ 86.108 through 86.114.

(3) Fuel, analytical gas, and driving
schedule specifications. Fuel specifica-
tions for exhaust and evaporative emis-
sions testing and for mileage accumu-
lation are specified in § 86.113. Analyt-
ical gases are specified in § 86.114. The
EPA Urban Dynamometer Driving
Schedule (UDDS) for use in exhaust
emissions tests is specified in § 86.115
and appendix I of this part.

(b) [Reserved]

[56 FR 25760, June 5, 1991, as amended at 59
FR 48504, Sept. 21, 1994]

§ 86.106–96 Equipment required; over-
view.

(a) This subpart contains procedures
for exhaust emission tests on petro-
leum-fueled, natural gas-fueled, lique-
fied petroleum gas-fueled, and meth-
anol-fueled light-duty vehicles and
light-duty trucks, and for evaporative
emission tests on gasoline-fueled, natu-
ral gas-fueled, liquefied petroleum gas-
fueled, and methanol-fueled light-duty
vehicles and light-duty trucks. Certain
items of equipment are not necessary
for a particular test, e.g., evaporative
enclosure when testing petroleum-
fueled diesel vehicles. Alternate equip-
ment, procedures, and calculation
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methods may be used if shown to yield
equivalent or superior results, and if
approved in advance by the Adminis-
trator. Equipment required and speci-
fications are as follows:

(1) Evaporative emission tests. The
evaporative emission test is closely re-
lated to and connected with the ex-
haust emission test. All vehicles tested
for evaporative emissions must under-
go testing according to the test se-
quences described in § 86.130–96; how-
ever, the Administrator may omit
measurement of exhaust emissions to
test for evaporative emissions. The Ad-
ministrator may truncate a test after
any valid emission measurement with-
out affecting the validity of the test.
Further, unless the evaporative emis-
sion test is waived by the Adminis-
trator under § 86.090–26, all vehicles
must undergo both tests. (Petroleum-
fueled diesel vehicles are excluded from
the evaporative emission standard.)
Section 86.107 specifies the necessary
equipment.

(2) Exhaust emission tests. All vehicles
subject to this subpart are subject to
testing for both gaseous and particu-
late exhaust emissions using the CVS
concept (see § 86.109), except where ex-
emptions or waivers are expressly pro-
vided in subpart A of this part. Vehi-
cles subject to the ‘‘Tier 0’’ (i.e., phase-
out) standards described under subpart
A of this part are exempted from test-
ing for methane emissions. Otto-cycle
vehicles subject to the ‘‘Tier 0’’ stand-
ards are waived from testing for partic-
ulates. For vehicles waived from the
requirement for measuring particulate
emissions, use of a dilution tunnel is
not required (see § 86.109). The CVS
must be connected to the dilution tun-
nel if particulate emission sampling is
required (see § 86.110). Petroleum- and
methanol-fueled diesel-cycle vehicle
testing requires that a PDP-CVS or
CFV-CVS with heat exchanger be used.
(This equipment may be used with
methanol-fueled Otto-cycle vehicles;
however, particulates need not be
measured for vehicles that are waived
from the requirement). All vehicles
equipped with evaporative canisters
are preconditioned by loading the can-
isters with hydrocarbon vapors. Petro-
leum-fueled diesel vehicles are ex-
cluded from this requirement.

(3) Fuel, analytical gas, and driving
schedule specifications. Fuel specifica-
tions for exhaust and evaporative emis-
sions testing and for mileage accumu-
lation are specified in § 86.113. Analyt-
ical gases are specified in § 86.114. The
EPA Urban Dynamometer Driving
Schedule (UDDS) for use in exhaust
emissions tests is specified in § 86.115
and appendix I of this part.

(b) [Reserved]

[58 FR 16026, Mar. 24, 1993, as amended at 59
FR 48504, Sept. 21, 1994; 60 FR 43888, Aug. 23,
1995]

§ 86.107–90 Sampling and analytical
system; evaporative emissions.

(a) Component description (evapo-
rative emissions sampling system). The
following components will be used in
evaporative emissions sampling sys-
tems for testing under this subpart.

(1) Evaporative emission measurement
enclosure. The enclosure shall be read-
ily sealable, rectangular in shape, with
space for personnel access to all sides
of the vehicle. When sealed, the enclo-
sure shall be gas tight in accordance
with § 86.117. Interior surfaces must be
impermeable and non-reactive to hy-
drocarbons and to methanol (if the en-
closure is used for methanol-fueled ve-
hicles). One surface should be of flexi-
ble, impermeable and non-reactive ma-
terial to allow for minor volume
changes, resulting from temperature
changes. Wall design should promote
maximum dissipation of heat, and if ar-
tificial cooling is used, interior surface
temperatures shall not be less than 68
°F (20 °C).

(2) Evaporative emission hydrocarbon
and methanol analyzers. (i) For
gasoline- and methanol-fueled vehicles
a hydrocarbon analyzer utilizing the
hydrogen flame ionization principle
(FID) shall be used to monitor the at-
mosphere within the enclosure (a heat-
ed FID (HFID)(235°±15 °F (113±8 °C)) is
recommended for methanol-fueled ve-
hicles). Instrument bypass flow may be
returned to the enclosure. The FID
shall have a response time to 90 per-
cent of final reading of less than 1.5
seconds, and be capable of meeting per-
formance requirements expressed as a
function of Cstd: where Cstd is the spe-
cific enclosure hydrocarbon level, in
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ppm, corresponding to the evaporative
emission standard:

(A) Stability of the analyzer shall be
better than 0.01 Cstd ppm at zero and
span over a 15-minute period on all
ranges used.

(B) Repeatability of the analyzer, ex-
pressed as one standard deviation, shall
be better than 0.005 Cstd ppm on all
ranges used.

(ii) For methanol-fueled vehicles, a
methanol sampling and analyzing sys-
tem is required in addition to the FID
analyzer. The methanol sampling
equipment shall consist of impingers
for collecting the methanol sample and
appropriate equipment for drawing the
sample through the impingers. The an-
alytical equipment shall consist of a
gas chromatograph equipped with a
flame ionization detector. (NOTE: For
1990 through 1994 model year methanol-
fueled vehicles, a HFID calibrated on
methanol may be used in place of the
HFID, calibrated on propane plus the
methanol impingers and associated an-
alytical equipment).

(iii) The methanol sampling system
shall be designed such that, if a test ve-
hicle emitted the maximum allowable
level of methanol (based on all applica-
ble standards) during any phase of the
test, the measured concentration in
the primary impinger would exceed ei-
ther 25 mg/l or a concentration equal to
25 times the limit of detection for the
GC analyzer, and such that the primary
impinger collects at least 90 percent of
the analyte in the samples. The re-
maining analyte shall be collected by
the secondary impinger. This require-
ment does not apply to dilution air
samples, since they do not require sec-
ondary impingers, or to samples in
which the concentrations approach the
limit of detection. The provisions of
this paragraph apply to the design of
sampling systems, not to individual
tests.

(3) Evaporative emission hydrocarbon
and methanol data recording system. (i)
The electrical output of the FID used
for measuring hydrocarbons (or hydro-
carbons plus methanol as appropriate)
shall be recorded at least at the initi-
ation and termination of each diurnal
or hot soak. The recording may be by
means of a strip chart potentiometric
recorder, by use of an on-line computer

system or other suitable means. In any
case, the recording system must have
operational characteristics (signal to
noise ratio, speed of response, etc.)
equivalent to or better than those of
the signal source being recorded, and
must provide a permanent record of re-
sults. The record shall show a positive
indication of the initiation and com-
pletion of each diurnal or hot soak
along with the time elapsed between
initiation and completion of each soak.

(ii) For the methanol sample, perma-
nent records shall be made of the fol-
lowing: the volumes of deionized water
introduced into each impinger, the rate
and time of sample collection, the vol-
umes of each sample introduced into
the gas chromatograph, the flow rate
of carrier gas through the column, the
column temperature, and the chro-
matogram of the analyzed sample.

(4) Tank fuel heating system. The tank
fuel heating system shall consist of a
heat source and a temperature control-
ler. A typical heat source is a 2000 W
heating pad. Other sources may be used
as required by circumstances. The tem-
perature controller may be manual,
such as a variable voltage transformer,
or may be automated. The heating sys-
tem must not cause hot spots on the
tank wetted surface which could cause
local overheating of the fuel. Heat
must not be applied to the vapor in the
tank above the liquid fuel. The tem-
perature controller must be capable of
controlling the fuel tank temperature
during the diurnal soak to within ±3 °F
(±1.7 °C) of the following equation:

F = To + (0.4)t.

or For SI units:

C = To + (2/9)t.

Where:
F = Temperature in °F.
C = Temperature in °C.
t = Time since start of test in minutes.
To = initial temperature in °F (or in °C for SI

units).

(5) Temperature recording system. Strip
chart recorder(s) or automatic data
processor shall be used to record enclo-
sure ambient and vehicle fuel tank
temperature during the evaporative
emissions test. The temperature re-
corder or data processor shall record
each temperature at least once every
minute. The recording system shall be
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capable of resolving time to ±15s and
capable of resolving temperature to
±0.75 °F (±0.42 °C). The temperature re-
cording system (recorder and sensor)
shall have an accuracy of ±3 °F (±1.7
°C). The recorder (data processor) shall
have a time accuracy of ±15s and a pre-
cision of ±15s. Two ambient tempera-
ture sensors, connected to provide one
average output, shall be located in the
enclosure. These sensors shall be lo-
cated at the approximate vertical cen-
terline of each side wall extending 4
inches (nominally) into the enclosure
at a height of 3±0.5 ft (0.9±0.2m). The ve-
hicle fuel tank temperature sensor
shall be located in the fuel tank so as
to measure the temperature of the pre-
scribed test fuel at the approximate
mid-volume of the fuel. Manufacturers
shall arrange that vehicles furnished
for testing at Federal certification fa-
cilities be equipped with iron-con-
stantan Type J thermocouples for
measurement of fuel tank temperature.

(6) Purge blower. One or more portable
or fixed blowers shall be used to purge
the enclosure. The blowers shall have
sufficient flow capacity to reduce the
enclosure hydrocarbon and/or methanol
concentration from the test level to
the ambient level between tests. Ac-
tual flow capacity will depend upon the
time available between tests.

(7) Mixing blower. One or more small
blowers or fans with a total capacity of
200 to 1000 cfm shall be used to mix the
contents of the enclosure during evapo-
rative emission testing. No portion of
the air stream shall be directed toward
the vehicle. Maintenance of uniform
concentrations throughout the enclo-
sure is important to the accuracy of
the test.

(b) [Reserved]

[54 FR 14499, Apr. 11, 1989, as amended at 60
FR 34335, June 30, 1995]

§ 86.107–96 Sampling and analytical
systems; evaporative emissions.

(a) Testing enclosures—(1) Diurnal
emission test. The enclosure shall be
readily sealable, rectangular in shape,
with space for personnel access to all
sides of the vehicle. When sealed, the
enclosure shall be gas tight in accord-
ance with § 86.117–96. Interior surfaces
must be impermeable and nonreactive
to hydrocarbons (and to methanol, if

the enclosure is used for methanol-
fueled vehicles). The temperature con-
ditioning system shall be capable of
controlling the internal enclosure air
temperature to follow the prescribed
temperature versus time cycle as speci-
fied in § 86.133–96 and appendix II of this
part, within an instantaneous toler-
ance of ±3.0 °F of the nominal tempera-
ture versus time profile throughout the
test, and an average tolerance of 2.0 °F
over the duration of the test (where the
average is calculated using the abso-
lute value of each measured deviation).
The control system shall be tuned to
provide a smooth temperature pattern
that has a minimum of overshoot,
hunting, and instability about the de-
sired long-term ambient temperature
profile. Interior surface temperatures
shall not be less than 40 °F at any time
during the diurnal emission test. To
accommodate the volume changes due
to enclosure temperature changes, ei-
ther a variable-volume or fixed-volume
enclosure may be used for diurnal
emission testing:

(i) Variable-volume enclosure. The
variable-volume enclosure expands and
contracts in response to the tempera-
ture change of the air mass in the en-
closure. Two potential means of ac-
commodating the internal volume
changes are movable panel(s), or a bel-
lows design, in which impermeable
bag(s) inside the enclosure expand and
contract in response to internal pres-
sure changes by exchanging air from
outside the enclosure. Any design for
volume accommodation must maintain
the integrity of the enclosure as speci-
fied in § 86.117–96 over the specified
temperature range. Any method of vol-
ume accommodation shall limit the
differential between the enclosure in-
ternal pressure and the barometric
pressure to a maximum value of ±2.0
inches of water. The enclosure shall be
capable of latching to a fixed volume.
A variable-volume enclosure must be
capable of accommodating a ±7 percent
change from its ‘‘nominal volume’’ (see
§ 86.117–96(b)), accounting for tempera-
ture and barometric pressure variation
during testing.

(ii) Fixed-volume enclosure. The fixed-
volume enclosure shall be constructed
with rigid panels that maintain a fixed
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enclosure volume, and meet the follow-
ing requirements.

(A) The enclosure shall be equipped
with a mechanism to maintain a fixed
internal air volume. This may be ac-
complished either by withdrawing air
at a constant rate and providing make-
up air as needed, or by reversing the
flow of air into and out of the enclo-
sure in response to rising or falling
temperatures. If inlet air is added con-
tinuously throughout the test, it
should be filtered with activated car-
bon to provide a relatively low and
constant hydrocarbon level. Any meth-
od of volume accommodation shall
maintain the differential between the
enclosure internal pressure and the
barometric pressure to a maximum
value of ±2.0 inches of water.

(B) The equipment shall be capable of
measuring the mass of hydrocarbon
and methanol (if the enclosure is used
for methanol-fueled vehicles) in the
inlet and outlet flow streams with a
resolution of 0.01 gram per hour. A bag
sampling system may be used to col-
lect a proportional sample of the air
withdrawn from and admitted to the
enclosure. Alternatively, the inlet and
outlet flow streams may be continu-
ously analyzed using an on-line FID
analyzer and integrated with the flow
measurements to provide a continuous
record of the mass hydrocarbon and
methanol removal.

(2) Running loss test. The enclosure
shall be readily sealable, rectangular
in shape, with space for personnel ac-
cess to all sides of the vehicle. When
sealed, the enclosure shall be gas tight
in accordance with § 86.117–96. The en-
closure may be equipped with a person-
nel door, provided that the enclosure
can still meet the requirements of
§ 86.117–96 with the door installed. Inte-
rior surfaces must be impermeable and
nonreactive to hydrocarbons and to
methanol (if the enclosure is used for
methanol-fueled vehicles). Interior sur-
face temperatures shall not be less
than 40 °F. If a running loss enclosure
meets all the requirements of para-
graph (a)(1) of this section, it may be
used as a diurnal evaporative emission
enclosure. The enclosure must contain
a dynamometer that meets the require-
ments of § 86.108. Provisions shall be
made to remove exhaust gases from the

enclosure. During the running loss
test, ambient temperatures must be
maintained at 95±5 °F (95±2 °F on aver-
age). An air or oxygen cylinder with an
attached self-contained breathing ap-
paratus may be provided for the vehicle
operator. The air required for vehicle
operation shall be provided by one of
the following methods:

(i) The running loss enclosure may be
equipped to supply air to the vehicle,
at a temperature of 95±5 °F, from
sources outside of the running loss en-
closure directly into the operating en-
gine’s air intake system. Supplemental
air requirements (e.g., for an air pump)
shall be supplied by drawing air from
the engine intake source.

(ii) If it is shown to yield equivalent
or superior results, the running loss en-
closure may be designed with an air
makeup system that brings outside air
into the enclosure to accommodate the
aspiration needs of the engine and any
auxiliary devices. The makeup air shall
be monitored to establish the back-
ground hydrocarbon levels (or hydro-
carbon and methanol, levels, if applica-
ble) of the makeup air. A filter may be
used to provide dry air with a stable
concentration of background hydro-
carbon. The makeup-air vent shall be
readily sealable for calibration of the
enclosure and other purposes. For cal-
culation of running loss emissions, it
may be assumed that the hydrocarbon
and methanol concentration in the air
consumed by the vehicle is the same as
that of the rest of the air in the enclo-
sure.

(3) Hot soak test. The hot soak test
may be conducted by holding the vehi-
cle in an enclosure that meets the re-
quirements for either diurnal emission
or running loss tests. The enclosure
shall be configured to provide an inter-
nal enclosure ambient temperature of
95±10 °F for the first 5 minutes, and 95±5
°F (95±2 °F on average) for the remain-
der of the hot soak test.

(i) If the hot soak test is conducted
in the same enclosure as the imme-
diately preceding running loss test, in-
terior surface temperatures shall not
be below 70 °F for the last 55 minutes of
the hot soak test.

(ii) If the hot soak test is not con-
ducted in the same enclosure as the im-
mediately preceding running loss test,
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interior surface temperatures shall not
be below 70 °F for the duration of the
hot soak test.

(b) Evaporative emission hydrocarbon
and methanol analyzers. (1) For gasoline
fueled, natural gas-fueled, liquefied pe-
troleum gas-fueled and methanol-
fueled vehicles a hydrocarbon analyzer
utilizing the hydrogen flame ionization
principle (FID) shall be used to mon-
itor the atmosphere within the enclo-
sure (a heated FID (HFID)(235°±15 °F
(113±8 °C)) is recommended for meth-
anol-fueled vehicles). For natural gas-
fueled vehicles, the FID may be cali-
brated using methane, or if calibrated
using propane the FID response to
methane shall be determined and ap-
plied to the FID hydrocarbon reading.
Provided evaporative emission results
are not effected, a probe may be used
to detect or verify hydrocarbon sources
during a running loss test. Instrument
bypass flow may be returned to the en-
closure. The FID shall have a response
time to 90 percent of final reading of
less than 1.5 seconds.

(2) For methanol-fueled vehicles, a
methanol sampling and analyzing sys-
tem is required in addition to the FID
analyzer. The methanol sampling
equipment shall consist of impingers
for collecting the methanol sample and
appropriate equipment for drawing the
sample through the impingers. The an-
alytical equipment shall consist of a
gas chromatograph equipped with a
flame ionization detector.

(3) The methanol sampling system
shall be designed such that, if a test ve-
hicle emitted the maximum allowable
level of methanol (based on all applica-
ble standards) during any phase of the
test, the measured concentration in
the primary impinger would exceed ei-
ther 25 mg/l or a concentration equal to
25 times the limit of detection for the
GC analyzer, and such that the primary
impinger collects at least 90 percent of
the analyte in the samples. The re-
maining analyte shall be collected by
the secondary impinger. This require-
ment does not apply to dilution air
samples, since they do not require sec-
ondary impingers, or to samples in
which the concentrations approach the
limit of detection. The provisions of
this paragraph apply to the design of

sampling systems, not to individual
tests.

(c) Evaporative emission hydrocarbon
and methanol data recording system. (1)
The electrical output of the FID used
for measuring hydrocarbons (or hydro-
carbons plus methanol, as appropriate)
shall be recorded at least at the initi-
ation and termination of each running
loss and hot soak test, and at least at
the initiation and termination of the
enclosure sampling period(s) for the di-
urnal emission test, as described in
§ 86.133. The recording may be taken by
means of a strip chart potentiometric
recorder, by use of an on-line computer
system or other suitable means. In any
case, the recording system must have
operational characteristics (signal-to-
noise ratio, speed of response, etc.)
equivalent to or better than those of
the signal source being recorded, and
must provide a permanent record of re-
sults. The record shall show a positive
indication of the initiation and com-
pletion of each hot soak, running loss,
or diurnal emission test (including ini-
tiation and completion of sampling pe-
riod(s)), along with the time elapsed
during each soak.

(2) For the methanol sample, perma-
nent records shall be made of the fol-
lowing: the volumes of deionized water
introduced into each impinger, the rate
and time of sample collection, the vol-
umes of each sample introduced into
the gas chromatograph, the flow rate
of carrier gas through the column, the
column temperature, and the chro-
matogram of the analyzed sample.

(d) Fuel temperature control system.
Fuel temperatures of the test vehicle
shall be controlled, as specified in
§ 86.134(g)(1)(xv), with the following
combination of fans. The control sys-
tem shall be tuned and operated to pro-
vide a smooth and continuous fuel tem-
perature profile that is representative
of the on-road temperature profile. The
running loss test configuration should
be designed to avoid heating or cooling
the fuel tank’s vapor space in a way
that would cause vapor temperature
behavior to be unrepresentative of the
vehicle’s on-road profile.

(1) A vehicle cooling fan shall dis-
charge air to the front of the vehicle.
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The fan shall be a road-speed modu-
lated fan that is controlled to a dis-
charge velocity that follows the dyna-
mometer roll speed, at least up to
speeds of 30 mph, throughout the driv-
ing cycle. If a warning light or gauge
indicates that the vehicle’s engine
coolant has overheated, subsequent
test runs on the vehicle must include a
vehicle cooling fan that follows the dy-
namometer roll speed at all speeds
throughout the test cycle. The fan may
direct airflow to both the vehicle radi-
ator air inlet(s) and the vehicle
underbody.

(2) An additional fan may be used to
discharge airflow from the front of the
vehicle directly to the vehicle
underbody to control fuel tempera-
tures. Such a fan shall provide a total
discharge airflow not to exceed 8,000
cfm.

(3) Additional fans may be used to
route heating or cooling air directly at
the bottom of the vehicle’s fuel tank.
The air supplied to the tank shall be
between 85° and 160 °F, with a total dis-
charge airflow not to exceed 4,000 cfm.
For exceptional circumstances, manu-
facturers may direct up to 6,000 cfm at
the bottom of the fuel tank with the
advance approval of the Administrator.

(4) Direct fuel heating may be needed
for canister preconditioning, as speci-
fied in § 86.132(j)(2). Also, under excep-
tional circumstances in which airflow
alone is insufficient to control fuel
temperatures during the running loss
test, direct fuel tank heating may be
used (see § 86.134–96(g)(1)(xv)). The heat-
ing system must not cause hot spots on
the tank wetted surface that could
cause local overheating of the fuel.
Heat must not be applied directly to
the tank’s vapor space, nor to the liq-
uid-vapor interface.

(e) Temperature recording system. A
strip chart potentiometric recorder, an
on-line computer system, or other suit-
able means shall be used to record en-
closure ambient temperature during all
evaporative emission test segments, as
well as vehicle fuel tank temperature
during the running loss test. The re-
cording system shall record each tem-
perature at least once every minute.
The recording system shall be capable
of resolving time to ±15 s and capable
of resolving temperature to ±0.75 °F

(±0.42 °C). The temperature recording
system (recorder and sensor) shall have
an accuracy of ±3 °F (±1.7 °C). The re-
corder (data processor) shall have a
time accuracy of ±15 s and a precision
of ±15 s. Enclosures shall be equipped
with two ambient temperature sensors,
connected to provide one average out-
put, located 3 feet above the floor at
the approximate mid-length of each
side wall of the enclosure and within 3
to 12 inches of each side wall. For diur-
nal emission testing, an additional
temperature sensor shall be located un-
derneath the vehicle to provide a tem-
perature measurement representative
of the air temperature under the fuel
tank. For running loss testing, an am-
bient temperature sensor shall be lo-
cated at the inlet to the fan that pro-
vides engine cooling. Manufacturers
shall arrange that vehicles furnished
for testing at federal certification fa-
cilities be equipped with temperature
sensors for measurement of fuel tank
temperatures. Vehicles shall be
equipped with two temperature sensors
installed to provide an average liquid
fuel temperature. The temperature sen-
sors shall be placed to measure the
temperature at the mid-volume of the
liquid fuel at a fill level of 40 percent of
nominal tank capacity. An additional
temperature sensor may be placed to
measure vapor temperatures approxi-
mately at the mid-volume of the vapor
space, though measurement of vapor
temperatures is optional during the
running loss test. In-tank temperature
sensors are not required for the supple-
mental two-diurnal test sequence spec-
ified in § 86.130–96.

(f) Pressure recording system. A strip
chart potentiometric recorder, an on-
line computer system, or other suitable
means, shall be used to record the en-
closure gage pressure for any testing in
an enclosure, as well as the vehicle’s
fuel tank pressure during the running
loss test and the outdoor driving proce-
dure specified in § 86.129–94(d). Fuel
tank pressure measurement and re-
cording equipment are optional during
the running loss test. The recording
system shall record each pressure at
least once every minute. The recording
system shall be capable of resolving
time to ±15 s and capable of resolving
pressure to ±0.1 inches of water. The
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pressure recording system (recorder
and sensor) shall have an accuracy of
±1.0 inch of water. The recorder (data
processor) shall have a time accuracy
of ±15 s and a precision of ±15 s. The
pressure transducer shall be installed
to measure the pressure in the vapor
space of the fuel tank.

(g) Purge blower. One or more port-
able or fixed blowers shall be used to
purge the enclosure. The blowers shall
have sufficient flow capacity to reduce
the enclosure hydrocarbon and/or
methanol concentration from the test
level to the ambient level between
tests. Actual flow capacity will depend
upon the time available between tests.

(h) Mixing blower. Blowers or fans
shall be used to mix the enclosure con-
tents during evaporative emission test-
ing. The inlets and outlets of the air
circulation blower(s) shall be config-
ured to provide a well dispersed air cir-
culation pattern that produces effec-
tive internal mixing and avoids signifi-
cant temperature or hydrocarbon
stratification. Maintenance of uniform
concentrations throughout the enclo-
sure is important to the accuracy of
testing.

(1) Diurnal emission test. Blowers or
fans shall have a capacity of 0.8±0.2 cfm
per cubic foot of the nominal enclosure
volume for mixing in the enclosure.
Additional fans may be used to main-
tain a minimum wind speed of 5 mph (8
km/h) under the fuel tank of the test
vehicle.

(2) Running loss test. Blowers or fans
shall have a total capacity of at least
1.0 cfm per cubic foot of the nominal
enclosure volume.

(3) Hot soak test. Blowers or fans must
have a capacity of 0.8±0.2 cfm per cubic
foot of the nominal enclosure volume.
Circulated air shall not be aimed di-
rectly at the vehicle.

(i) Point-source running loss measure-
ment facility. Some system require-
ments pertain specifically to running
loss testing by the point-source meth-
od, in which emissions from potential
sources are collected and routed to a
sampling system. Emissions are sam-
pled with the same equipment and
techniques as for exhaust emission
measurement. The test environment
must contain a dynamometer that
meets the requirements of § 86.108. Dur-

ing the running loss test, ambient tem-
peratures must be maintained at 95±5
°F (95±2 °F on average). An air or oxy-
gen cylinder with an attached self-con-
tained breathing apparatus may be pro-
vided for the vehicle operator.

(1) The running loss vapor vent col-
lection system shall be configured to
collect all running loss emissions from
each of the discrete point sources that
function as vehicle fuel system vapor
vents, and transport the collected
vapor emissions to a CFV- or PDP-
based dilution and measurement sys-
tem. The collection system shall con-
sist of a collector at each vehicle vapor
vent, lengths of heated sample line
connecting each collector to the inlet
of the heated sample pump, and lengths
of heated sample line connecting the
outlet of the heated sample pump to
the inlet of the running loss fuel vapor
sampling system. Up to 3 feet of
unheated line connecting each of the
vapor collectors to the heated sample
lines shall be allowed. Each heated
sample pump and its associated sample
lines shall be maintained at a tempera-
ture between 175 °F and 200 °F to pre-
vent condensation of fuel vapor in the
sample lines. The heated sample
pump(s) and its associated flow con-
trols shall be configured and operated
to draw a flow of ambient air into each
collector at a flow rate of at least 0.67
cfm. The flow controls on each heated
sampling system shall include an indi-
cating flow meter that provides an
alarm output to the data recording sys-
tem if the flow rate drops below 0.67
cfm by more than 5 percent. The collec-
tor inlet for each discrete vapor vent
shall be placed in proximity to the vent
as necessary to capture any fuel vapor
emissions without significantly affect-
ing flow or pressure of the normal ac-
tion of the vent. The collector inlets
shall be designed to interface with the
configuration and orientation of each
specific vapor vent. For vapor vents
that terminate in a tube or hose barb,
a short length of tubing of an inside di-
ameter larger throughout its length
than the inside diameter of the vent
outlet may be used to extend the vent
into the mouth of the collector. For
those vapor vent designs that are not
compatible with such collector config-
urations, the vehicle manufacturer
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shall supply a collector that is config-
ured to interface with the vapor vent
design and that terminates in a fitting
that is capable of capturing all vapor
emitted from the vent. The Adminis-
trator may test for running losses by
the point-source method without heat-
ing sample lines or pumps.

(2) The running loss fuel vapor sam-
pling system shall be a CFV- or PDP-
based dilution and measurement sys-
tem that further dilutes the running
loss fuel vapors collected by the vapor
vent collection system(s) with ambient
air, collects continuously proportional
samples of the diluted running loss va-
pors and dilution air in sample bags,
and measures the total dilute flow
through the sampling system over each
test interval. In practice, the system
shall be configured and operated in a
manner that is directly analogous to
an exhaust emissions constant volume
sampling system, except that the input
flow to the system is the flow from the
running loss vapor vent collection sys-
tem(s) instead of vehicle exhaust flow.
The system shall be configured and op-
erated to meet the following require-
ments:

(i) The running loss fuel vapor sam-
pling system shall be designed to meas-
ure the true mass of fuel vapor emis-
sions collected by the running loss
vapor vent collection system from the
specified fuel vapor vents. The total
volume of the mixture of running loss
emissions and dilution air shall be
measured and a continuously propor-
tioned sample of volume shall be col-
lected for analysis. Mass emissions
shall be determined from the sample
concentration and total flow over the
test period.

(ii) The PDP–CVS shall consist of a
dilution air filter and mixing assembly,
heat exchanger, positive-displacement
pump, sampling system, and associated
valves, pressure and temperature sen-
sors. The PDP–CVS shall conform to
the following requirements:

(A) The gas mixture temperature,
measured at a point immediately
ahead of the positive-displacement
pump, shall be within ±10 °F of the de-
signed operating temperature at the
start of the test. The gas mixture tem-
perature variation from its value at
the start of the test shall be limited to

±10 °F during the entire test. The tem-
perature measuring system shall have
an accuracy and precision of ±2 °F.

(B) The pressure gauges shall have an
accuracy and precision of ±1.6 inches of
water (±0.4 kPa).

(C) The flow capacity of the CVS
shall not exceed 350 cfm.

(D) Sample collection bags for dilu-
tion air and running loss fuel vapor
samples shall be sufficient size so as
not to impede sample flow.

(iii) The CFV sample system shall
consist of a dilution air filter and mix-
ing assembly, a sampling venturi, a
critical flow venturi, a sampling sys-
tem and assorted valves, and pressure
and temperature sensors. The CFV
sample system shall conform to the
following requirements:

(A) The temperature measuring sys-
tem shall have an accuracy and preci-
sion of ±2 °F and a response time of
0.100 seconds of 62.5 percent of a tem-
perature change (as measured in hot
silicone oil).

(B) The pressure measuring system
shall have an accuracy and precision of
±1.6 inches of water (0.4 kPa).

(C) The flow capacity of the CVS
shall not exceed 350 cfm.

(D) Sample collection bags for dilu-
tion air and running loss fuel vapor
samples shall be of sufficient size so as
not to impede sample flow.

(3) An on-line computer system or
strip-chart recorder shall be used to
record the following additional param-
eters during the running loss test se-
quence:

(i) CFV (if used) inlet temperature
and pressure.

(ii) PDP (if used) inlet temperature,
pressure, and differential pressure.

[58 FR 16027, Mar. 24, 1993, as amended at 59
FR 48505, Sept. 21, 1994; 60 FR 34335, June 30,
1995; 60 FR 43888, Aug. 23, 1995]

§ 86.107–98 Sampling and analytical
system.

Section 86.107–98 includes text that
specifies requirements that differ from
§86.107–96. Where a paragraph in
§ 86.107–96 is identical and applicable to
§ 86.107–98, this may be indicated by
specifying the corresponding paragraph
and the statement ‘‘[Reserved]. For
guidance see § 86.107–96.’’ Where a cor-
responding paragraph of § 86.107–96 is
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not applicable, this is indicated by the
statement ‘‘[Reserved].’’

(a)(1) through (a)(3) [Reserved]. For
guidance see § 86.107–96.

(a)(4) Refueling emissions test. The re-
quirements detailed in § 86.107–90 (a)(1)
shall apply. Alternatively, an enclosure
meeting the specifications detailed in
§ 86.107–96 (a)(1), (2), or (3) may be used
if approved in advance by the Adminis-
trator. In addition, the enclosure shall
have one or more access ports leading
to flexible, automatic sealing boots, in
the wall(s) of the enclosure. The func-
tion of the access port(s) and boots
shall be to allow fueling of the test ve-
hicle from a fuel nozzle and hose lo-
cated outside of the enclosure, with
only the spout of the nozzle passing
through the automatic sealing opening
of the boot during fueling. There shall
be no loss in the gas tightness of the
enclosure at the opening of the boot ei-
ther when the nozzle is inserted or
when the nozzle is not inserted.

(b) through (d) [Reserved]. For guid-
ance see § 86.107–96.

(e) Temperature recording system—(1)
For all emission testing. A strip chart
potentiometric recorder, an on-line
computer system, or other suitable
means shall be used to record enclosure
ambient temperature during all evapo-
rative emission test segments, as well
as vehicle fuel tank temperature dur-
ing the running loss test. The record-
ing system shall record each tempera-
ture at least once every minute. The
recording system shall be capable of re-
solving time to ±15 s and capable of re-
solving temperature to ±0.75 °F (±0.42
°C). The temperature recording system
(recorder and sensor) shall have an ac-
curacy of ±3 °F (±1.7 °C). The recorder
(data processor) shall have a time ac-
curacy of ±15 s and a precision of ±15 s.
Enclosures shall be equipped with two
ambient temperature sensors, con-
nected to provide one average output,
located 3 feet above the floor at the ap-
proximate mid-length of each side wall
of the enclosure and within 3 to 12
inches of each side wall. For diurnal
emission testing, an additional tem-
perature sensor shall be located under-
neath the vehicle to provide a tempera-
ture measurement representative of
the temperature of the air under the
fuel tank. For running loss testing, an

ambient temperature sensor shall be
located at the inlet to the fan that pro-
vides engine cooling. Manufacturers
shall arrange that vehicles furnished
for testing at federal certification fa-
cilities be equipped with temperature
sensors for measurement of fuel tank
temperature. Vehicles shall be
equipped with 2 temperature sensors
installed to provide an average liquid
fuel temperature. The temperature sen-
sors shall be placed to measure the
temperature at the mid-volume of the
liquid fuel at a fill level of 40 percent of
nominal tank capacity. An additional
temperature sensor may be placed to
measure vapor temperatures approxi-
mately at the mid-volume of the vapor
space, though measurement of vapor
temperatures is optional during the
running loss test. In-tank temperature
sensors are not required for the supple-
mental two-diurnal test sequence spec-
ified in § 86.130–96 or for the refueling
test specified in § 86.151–98.

(2) Refueling emission testing only. In
addition to the enclosure ambient tem-
perature recording system described in
paragraph (e)(1) of this section, strip
chart recorder(s) or automatic data
processor shall be used to record vehi-
cle soak area ambient temperature and
dispensed fuel temperature at the noz-
zle during the test. The temperature
recorder(s) or data processor shall
record each temperature at least once
every 20 seconds (the soak area ambi-
ent temperature recorder may be a
continuous recording system). The re-
cording system shall be capable of re-
solving time to ±15s and be capable of
resolving temperature to ±0.75 °F (0.42
°C).

(f) through (h)(3) [Reserved]. For
guidance see § 86.107–96.

(h)(4) Refueling emission test. Blowers
or fans must have a capacity of 0.8±0.2
cfm per cubic foot of the nominal en-
closure volume. Circulated air shall
not be aimed directly at the vehicle.

(5) Spilled fuel mixing blower; refueling
emission test. An explosion-proof blower
of 100–200 ft3/min (2.8–5.7 m3/min) capac-
ity is required to enhance mixing of va-
pors from spilled fuel through the en-
closure atmosphere during tests. The
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discharge from this blower shall be di-
rected toward the region of the enclo-
sure floor where fuel spillage during
fueling may occur.

(i) [Reserved]. For guidance see
§ 86.107–96.

(j) Refueling equipment. The refueling
equipment shall consist of a fuel deliv-
ery system with temperature control
equipment, fuel flow safety switch, dis-
pensing pump, hose, nozzle and a meter
to measure the dispensed fuel volume.
The dispensing nozzle shall be a com-
mercial model, not equipped with
vapor recovery hardware. A fuel recir-
culation system may be utilized to
avoid trapping of unheated fuel in the
hose. The fuel delivery system must be
capable of delivering fuel at 67±1.5 °F
(19.4±0.8 °C) and a constant flow rate
between 4.2 and 9.8 gal/min (15.9 and
37.1 liter/min) with a tolerance of ±0.3
gal/min (±1.1 liter/min) during the re-
fueling emissions measurement phase
of the test. The accuracy of the meter
for measuring the dispensed fuel vol-
ume shall be ±2 percent at the test flow
rate.

[59 FR 16295, Apr. 6, 1994, as amended at 60
FR 43890, Aug. 23, 1995]

§ 86.108–00 Dynamometer.
(a) The dynamometer shall simulate

the road load force and inertia speci-
fied for the vehicle being tested, and
shall determine the distance traveled
during each phase of the test proce-
dure.

(b) Two types of dynamometer roll
configurations are currently approved
by the Administrator:

(1) A small twin-roll dynamometer
that has a nominal roll diameter of 8.65
inches and a nominal roll spacing of 17
inches; and

(2)(i) An electric dynamometer that
has a single roll with a nominal diame-
ter of 48 inches (1.20 to 1.25 meters).

(ii)(A) The dynamometer must be ca-
pable of dynamically controlling iner-
tia load during the US06 test cycle as a
function of a vehicle throttle position
signal if a manufacturer desires using
the following test option. Any time the
duration of throttle operation greater
than or equal to 85% of wide open
throttle (WOT) is greater than or equal
to eight seconds, the test inertia load
may be adjusted during any of five

EPA specified acceleration events by
an amount of load that will eliminate
additional throttle operation greater
than or equal to 85% of WOT.

(B)(1) The specific US06 schedule ac-
celerations time periods where inertia
load adjustments may be applied are:

(i) 49 through 69 seconds;
(ii) 83 through 97 seconds;
(iii) 135 through 165 seconds;
(iv) 315 through 335 seconds; and
(v) 568 through 583 seconds.
(2) During these five time intervals

when inertia load adjustment is occur-
ring, inertia load adjustment is discon-
tinued when throttle operation is less
than 85% of WOT or at the end of the
specified time interval.

(C) Each type of generic application
for implementing this concept must re-
ceive the Administrator’s approval be-
fore a manufacturer may use these in-
ertia adjustments for official US06
schedule certification tests.

(c) Other dynamometer configura-
tions may be used for testing if it can
be demonstrated that the simulated
road load power and inertia are equiva-
lent, and if approved in advance by the
Administrator.

(d) An electric dynamometer meeting
the requirements of paragraph (b)(2) of
this section, or a dynamometer ap-
proved as equivalent under paragraph
(c) of this section, must be used for all
types of emission testing in the follow-
ing situations.

(1)(i) Gasoline vehicles which are
part of an engine family which is des-
ignated to meet the phase-in of SFTP
compliance required under the imple-
mentation schedule of table A00–1 of
§ 86.000–08, or table A00–3, or table A00–
5 of § 86.000–09.

(ii) Diesel LDVs and LDT1s which are
part of an engine family which is des-
ignated to meet the phase-in of SFTP
compliance required under the imple-
mentation schedule of table A00–1 of
§ 86.000–08, or table A00–3, or table A00–
5 of § 86.000–09.

(2) Starting with the 2002 model year,
any light-duty vehicle or light light-
duty truck which uses any regulated
fuel.

(3) Starting with the 2004 model year,
any heavy light-duty truck which uses
any regulated fuel.

[61 FR 54890, Oct. 22, 1996]
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EFFECTIVE DATE NOTE: At 61 FR 54890, Oct.
22, 1996, § 86.108–00 was added. This section
contains information collection and record-
keeping requirements and will not become
effective until approval has been given by
the Office of Management and Budget.

§ 86.108–79 Dynamometer.
(a) The dynamometer shall have a

power absorption unit for simulation of
road load power and flywheels or other
means of simulating the inertia weight
as specified in § 86.129.

(b)(1) The dynamometer shall have a
roll or shaft revolution counter for de-
termination of distance driven.

(2) In lieu of the requirement in (b)
(1) of this section the manufacturer
shall provide some means, approved in
advance by the Administrator, for the
determination of distance driven.

(c) Small twin-roll dynamometers
shall have a nominal roll diameter of
8.65 inches and a nominal roll spacing
of 17 inches. Large single-roll
dynamometers shall have a nominal
roll diameter of 48 inches.
Dynamometers with other roll speci-
fications may be used if the total simu-
lated road load power can be shown to
be equivalent, and if approved in ad-
vance by the Administrator.

[42 FR 45651, Sept. 12, 1977]

§ 86.109–90 Exhaust gas sampling sys-
tem; Otto-cycle vehicles.

(a)(1) General. The exhaust gas sam-
pling system described in this para-
graph is designed to measure the true
mass of gaseous emissions in the ex-
haust of either Otto-cycle light-duty
vehicles and light-duty trucks. In the
CVS concept of measuring mass emis-
sions, two conditions must be satisfied:
the total volume of the mixture of ex-
haust and dilution air must be meas-
ured, and a continuously proportioned
volume of sample must be collected for
analysis. Mass emissions are deter-
mined from the sample concentration
and total flow over the test period.

(2) Vehicle tailpipe to CVS Duct. For
methanol-fueled vehicles, cooling of
the exhaust gases in the duct connect-
ing the vehicle tailpipe to the CVS
shall be minimized. This may be ac-
complished by:

(i) Using a duct of unrestricted
length maintained at 235°±15 °F (113°±8
°C), heating and possible cooling capa-
bilities are required; or

(ii) Using a short duct (up to 12 feet
long) constructed of smooth wall pipe
with a minimum of flexible sections,
maintained at 235°±15 °F (113°±8 °C)
prior to the test and during the 10
minute hot soak segment and
uninsulated during the test (insulation
may remain in place and/or heating
may occur during testing provided
maximum temperature is not exceed-
ed); or

(iii) Using smooth wall duct less than
five feet long with no required heating.

(iv) Omitting the duct and perform-
ing the exhaust gas dilution function
at the vehicle tailpipe exit.

(3) Positive displacement pump. The
Positive Displacement Pump-Constant
Volume Sampler (PDP–CVS), Figure
B90–1 satisfies the first condition by
metering at a constant temperature
and pressure through the pump. The
total volume is measured by counting
the revolutions made by the calibrated
positive displacement pump. The pro-
portional samples for the bag sample,
and for methanol-fueled vehicles, the
methanol sample (Figure B90–2) and
the formaldehyde sample (Figure B90–
3), are achieved by sampling at a con-
stant flow rate. For methanol-fueled
vehicles, the sample lines for the meth-
anol and formaldehyde samples are
heated to 235°±15 °F (113°±8 °C).

NOTE: For 1990 through 1994 model year
methanol-fueled vehicles, methanol and
formaldehyde sampling may be omitted pro-
vided the bag sample (hydrocarbons and
methanol) is analyzed using a HFID cali-
brated with methanol.
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(4) Critical flow venturi. The operation
of the Critical Flow Venturi—Constant
Volume Sampler (CFV–CVS) sample
system, Figure B90–4, is based upon the

principles of fluid dynamics associated
with critical flow. Proportional sam-
pling throughout temperature excur-
sions is maintained by use of small
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CFVs in the sample lines (for meth-
anol-fueled vehicles, one line supplies
sample for the bag sample, another line
supplies sample for the methanol sam-
ple, and a third line supplies sample for
the formaldehyde sample.) The meth-
anol and formaldehyde sample lines are
heated to 235°±15 °F (113°±8 °C) with
care being taken to ensure that the
CFVs of the sample probes are not
heated since heating of the CFVs would
cause loss of proportionality. The vari-
able mixture flow rate is maintained at

sonic velocity, is inversely propor-
tional to the square root of the gas
temperature, and is computed continu-
ously. Since the pressure and tempera-
ture are the same at all venturi inlets,
the sample volume is proportional to
the total volume.

NOTE: For 1990 through 1994 model year
methanol-fueled vehicles, methanol and
formaldehyde sampling may be omitted pro-
vided the bag sample (hydrocarbons and
methanol) is analyzed using a HFID cali-
brated with methanol.
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(5) Other systems. Other sampling sys-
tems may be used if shown to yield
equivalent results, and if approved in
advance by the Administrator.

(b) Component description, PDP–CVS.
The PDP–CVS, Figure B90–1, consists
of a dilution air filter and mixing as-
sembly, heat exchanger, positive dis-
placement pump, sampling systems

(see Figure B90–2 for methanol sam-
pling system and Figure B90–3 for
formaldehyde sampling system) sam-
pling lines which are heated to 235°±15
°F (113°±8 °C) in the case of the meth-
anol-fueled vehicles (heating of the
sample lines may be omitted, provided
the methanol and formaldehyde sample
collection systems are close coupled to
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the probes thereby preventing loss of
sample due to cooling and resulting
condensation in the sample lines), and
associated valves, pressure and tem-
perature sensors. The PDP–CVS shall
conform to the following requirements:

(1) Static pressure variations at the
tailpipe(s) of the vehicle shall remain
within ±5 inches of water (1.2 kPa) of
the static pressure variations measured
during a dynamometer driving cycle
with no connection to the tailpipe(s).
(Sampling systems capable of main-
taining the static pressure to within ±1
inch of water (0.25 kPa) will be used by
the Administrator if a written request
substantiates the need for this closer
tolerance.)

(2) The gas mixture temperature,
measured at a point immediately
ahead of the positive displacement
pump, shall be within ±10 °F (±5.6 °C) of
the designed operating temperature at
the start of the test. The gas mixture
temperature variation from its value
at the start of the test shall be limited
to ±10 °F (±5.6 °C) during the entire
test. The temperature measuring sys-
tem shall have an accuracy and preci-
sion of ±2 °F (1.1 °C).

(3) The pressure gauges shall have an
accuracy and precision of ±1.6 inches of
water (0.4 kPa).

(4) The flow capacity of the CVS shall
be large enough to eliminate water
condensation in the system. (300 to 350
cfm (0.142 to 0.165 m3/s) is sufficient for
most petroleum-fueled vehicles. Higher
flow rates are required for methanol
fueled vehicles. Procedures for deter-
mining CVS flow rates are detailed
in‘‘Calculation of Emissions and Fuel
Economy When Using Alternative
Fuels,’’ EPA 460/3–83–009.)

(5) Sample collection bags for dilu-
tion air and exhaust samples shall be of
sufficient size so as not to impede sam-
ple flow. A single dilution air sample,
covering the total test period, may be
collected for determination of form-
aldehyde background (methanol-fueled
vehicles).

(6) The methanol sample collection
system and the formaldehyde sample
collection system shall each be of suffi-
cient capacity so as to collect samples
of adequate size for analysis without
significant impact on the volume of di-
lute exhaust passing through the PDP.

(c) Component description, CFV–CVS.
The CFV-CVS sample system, Figure
B90–4, consists of a dilution air filter
and mixing assembly, a cyclone partic-
ulate separator, unheated sampling
venturies for the bag samples, and for
the methanol and formaldehyde sam-
ples from methanol-fueled vehicles,
samples lines heated to 235°±15 °F
(113°±8 °C) for the methanol and form-
aldehyde samples from methanol fueled
vehicles (heating of the sample lines
may be omitted provided, the methanol
and formaldehyde sample collection
systems are close coupled to the probes
thereby preventing loss of sample due
to cooling and resulting condensation
in the sample lines), a critical flow
venturi, and assorted valves, and pres-
sure and temperature sensors. The CFV
sample system shall conform to the
following requirements:

(1) Static pressure variations at the
tailpipe(s) of the vehicle shall remain
within ±5 inches of water (1.2 kPa) of
the static pressure variations measured
during a dynamometer driving cycle
with no connection to the tailpipe(s).
(Sampling systems capable of main-
taining the static pressure to within ±1
inch of water (0.25 kPa) will be used by
the Administrator if a written request
substantiates the need for this closer
tolerance.)

(2) The temperature measuring sys-
tem shall have an accuracy and preci-
sion of ±2 °F (1.1 °C) and a response
time of 0.100 seconds to 62.5 percent of
a temperature change (as measured in
hot silicone oil).

(3) The pressure measuring system
shall have an accuracy and precision of
±1.6 inches of water (0.4 kPa).

(4) The flow capacity of the CVS shall
be large enough to virtually eliminate
water condensation in the system (300
to 350 cfm (0.142 to 0.165 m3/s) is suffi-
cient for most petroleum-fueled vehi-
cles). Higher flow rates are required
with methanol-fueled vehicles. Proce-
dures for determining CVS flow rates
are detailed in‘‘Calculation of Emis-
sion and Fuel Economy When Using Al-
ternative Fuels,’’ EPA 460/3–83–009.

(5) Sample collection bags for dilu-
tion air and exhaust samples shall be of
sufficient size so as not to impede sam-
ple flow. A single dilution air sample
covering the total test period may be
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collected for determination of form-
aldehyde background for methanol-
fueled vehicles.

(6) The methanol sample collection
system and the formaldehyde sample
collection system shall each be of suffi-
cient capacity so as to collect samples
of adequate size for analysis without
significant impact on the volume of di-
lute exhaust passing through the CFV–
CVS.

[54 FR 14500, Apr. 11, 1989]

§ 86.109–94 Exhaust gas sampling sys-
tem; Otto-cycle vehicles not requir-
ing particulate emission measure-
ments.

(a)(1) General. The exhaust gas sam-
pling system described in this para-
graph is designed to measure the true
mass of gaseous emissions in the ex-
haust of either Otto-cycle light-duty
vehicles or light-duty trucks which are
waived from requirements for the
measurement of particulate emissions.
In the CVS concept of measuring mass
emissions, two conditions must be sat-
isfied: the total volume of the mixture
of exhaust and dilution air must be
measured, and a continuously propor-
tioned volume of sample must be col-
lected for analysis. Mass emissions are
determined from the sample concentra-
tion and total flow over the test period.

(2) Vehicle tailpipe to CVS Duct. For
methanol-fueled vehicles, cooling of
the exhaust gases in the duct connect-
ing the vehicle tailpipe to the CVS
shall be minimized. This may be ac-
complished by:

(i) Using a duct of unrestricted
length maintained at a temperature
above the maximum dew point of the
exhaust, but below 250 °F (121 °C); heat-
ing and possibly cooling capabilities
are required; or

(ii) Using a short duct (up to 12 feet
long) constructed of smooth wall pipe

with a minimum of flexible sections,
maintained at a temperature above the
maximum dew point of the exhaust,
but below 250 °F (121 °C), prior to the
test and during the 10 minute hot soak
segment and uninsulated during the
test (insulation may remain in place
and/or heating may occur during test-
ing provided maximum temperature is
not exceeded); or

(iii) Using smooth wall duct less than
five feet long with no required heating.
A maximum of two short flexible con-
nectors are allowed under this option;
or

(iv) Omitting the duct and perform-
ing the exhaust gas dilution function
at the vehicle tailpipe exit.

(3) Positive displacement pump. The
Positive Displacement Pump-Constant
Volume Sampler (PDP-CVS), Figure
B94–1 satisfies the first condition by
metering at a constant temperature
and pressure through the pump. The
total volume is measured by counting
the revolutions made by the calibrated
positive displacement pump. The pro-
portional samples for the bag sample,
and for methanol-fueled vehicles, the
methanol sample (Figure B94–2) and
the formaldehyde sample (Figure B94–
3), are achieved by sampling at a con-
stant flow rate. For methanol-fueled
vehicles, the sample lines for the meth-
anol and formaldehyde samples are
heated to prevent condensation. The
temperature of the sample lines shall
be more than 5 °F (3 °C) above the max-
imum dew point of the sample, but
below 250 °F (121 °C). (Note: For 1990
through 1994 model year methanol-
fueled vehicles, methanol and form-
aldehyde sampling may be omitted pro-
vided the bag sample (hydrocarbons
and methanol) is analyzed using a
HFID calibrated with methanol.)
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(4) Critical flow venturi. The operation
of the Critical Flow Venturi-Constant
Volume Sampler (CFV–CVS) sample
system, Figure B94–4, is based upon the

principles of fluid dynamics associated
with critical flow. Proportional sam-
pling throughout temperature excur-
sions is maintained by use of small
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CFVs in the sample lines (for meth-
anol-fueled vehicles, one line supplies
sample for the bag sample, another line
supplies sample for the methanol sam-
ple, and a third line supplies sample for
the formaldehyde sample.) The meth-
anol and formaldehyde sample lines are
heated to prevent condensation. The
temperature of the sample lines shall
be more than 5 °F (3 °C) above the max-
imum dew point of the sample, but
below 250 °F (121 °C). Care should be
taken to ensure that the CFVs of the
sample probes are not heated since
heating of the CFVs would cause loss of

proportionality. The variable mixture
flow rate is maintained at sonic veloc-
ity, is inversely proportional to the
square root of the gas temperature, and
is computed continuously. Since the
pressure and temperature are the same
at all venturi inlets, the sample vol-
ume is proportional to the total vol-
ume. (Note: For 1990 through 1994
model year methanol-fueled vehicles,
methanol and formaldehyde sampling
may be omitted provided the bag sam-
ple (hydrocarbons and methanol) is
analyzed using a HFID calibrated with
methanol.)
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(5) Electronic flow control. The Critical
Flow Venturi-Electronic Flow Control-
Constant Volume Sampler (CFV–EFC–
CVS) system is identical to the CFV–
CVS system described in paragraphs
(a)(4) and (c) of this section, except
that it maintains proportional sam-
pling for methanol and formaldehyde

by measuring the CVS flow rate, and
electronically controlling sample flow
rates. For methanol-fueled vehicles,
the samples lines for the methanol and
formaldehyde samples are heated to
prevent condensation. The temperature
of the sample lines shall be more than
5 °F (3 °C) above the maximum dew
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point of the sample, but below 250 °F
(121 °C).

(6) Other systems. Other sampling sys-
tems may be used if shown to yield
equivalent or superior results, and if
approved in advance by the Adminis-
trator.

(b) Component description, PDP–CVS.
The PDP–CVS, Figure B94–1, consists
of a dilution air filter and mixing as-
sembly, heat exchanger, positive dis-
placement pump, sampling systems
(see Figure B94–2 for methanol sam-
pling system and Figure B94–3 for
formaldehyde sampling system) sam-
pling lines which are heated to a tem-
perature that is more than 5 °F (3 °C)
above the maximum dew point of the
sample, but below 250 °F (121 °C) in the
case of the methanol-fueled vehicles
(heating of the sample lines may be
omitted, provided the methanol and
formaldehyde sample collection sys-
tems are close coupled to the probes
thereby preventing loss of sample due
to cooling and resulting condensation
in the sample lines), and associated
valves, pressure and temperature sen-
sors. The PDP–CVS shall conform to
the following requirements:

(1) Static pressure variations at the
tailpipe(s) of the vehicle shall remain
within ±5 inches of water (1.2 kPa) of
the static pressure variations measured
during a dynamometer driving cycle
with no connection to the tailpipe(s).
(Sampling systems capable of main-
taining the static pressure to within ±1
inch of water (0.25 kPa) will be used by
the Administrator if a written request
substantiates the need for this closer
tolerance.)

(2) The gas mixture temperature,
measured at a point immediately
ahead of the positive displacement
pump, shall be within ±10 °F (±5.6 °C) of
the designed operating temperature at
the start of the test. The gas mixture
temperature variation from its value
at the start of the test shall be limited
to ±10 °F (±5.6 °C) during the entire
test. The temperature measuring sys-
tem shall have an accuracy and preci-
sion of ±2 °F (1.1 °C).

(3) The pressure gauges shall have an
accuracy and precision of ±1.6 inches of
water (0.4 kPa).

(4) The flow capacity of the CVS shall
be large enough to completely elimi-

nate water condensation in the dilu-
tion and sampling systems. (300 to 350
cfm (0.142 to 0.165 m3/s) is sufficient for
most petroleum-fueled vehicles. Higher
flow rates are required for methanol-
fueled vehicles and may be required for
natural gas-fueled and liquefied petro-
leum gas-fueled vehicles. Procedures
for determining CVS flow rates are de-
tailed in ‘‘Calculation of Emissions and
Fuel Economy When Using Alternative
Fuels,’’ EPA 460/3–83–009.) (Copies may
be obtained from U.S. Department of
Commerce, NTIS, Springfield, Virginia
22161; order ± PB 84104702.) Dehumidify-
ing the dilution air before entering the
CVS is allowed. Hearing the dilution
air is also allowed, provided:

(i) The air (or air plus exhaust gas)
temperature does not exceed 250 °F.

(ii) Calculation of the CVS flow rate
necessary to prevent water condensa-
tion is based on the lowest temperature
encountered in the CVS prior to sam-
pling. (It is recommended that the CVS
system be insulated when heated dilu-
tion air is used.)

(iii) The dilution ratio is sufficiently
high to prevent condensation in bag
samples as they cool to room tempera-
ture.

(5) Sample collection bags for dilu-
tion air and exhaust samples shall be of
sufficient size so as not to impede sam-
ple flow. A single dilution air sample,
covering the total test period, may be
collected for the determination of
methanol and formaldehyde back-
ground (methanol-fueled vehicles).

(6) The methanol sample collection
system and the formaldehyde sample
collection system shall each be of suffi-
cient capacity so as to collect samples
of adequate size for analysis without
significant impact on the volume of di-
lute exhaust passing through the PDP.
The systems shall also comply with the
following requirements that apply to
the design of the systems, not to indi-
vidual tests.

(i) The methanol system shall be de-
signed such that, if a test vehicle emit-
ted the maximum allowable level of
methanol (based on all applicable
standards) during the first phase of the
test, the measured concentration in
the primary impinger would exceed ei-
ther 25 mg/l or a concentration equal to
25 times the limit of detection for the
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GC analyzer. Sampling systems for all
phases shall be identical.

(ii) The formaldehyde system shall be
designed such that, if a test vehicle
emitted formaldehyde at a rate equal
to twenty percent of the maximum al-
lowable level of NMHCE (i.e., 0.05 g/mi
for a 0.25 g/mi NMHCE standard), or the
maximum formaldehyde level allowed
by a specific formaldehyde standard,
whichever is less, during the first phase
of the test, the concentration of form-
aldehyde in the DNPH solution of the
primary impinger, or solution resulting
from the extraction of the DNPH car-
tridge, shall exceed either 2.5 mg/l or a
concentration equal to 25 times the
limit of detection for the HPLC ana-
lyzer. Sampling systems for all phases
shall be identical.

(iii) The methanol and formaldehyde
impinger systems shall be designed
such that the primary impinger col-
lects at least 90 percent of the analyte
in the samples. The remaining analyte
shall be collected by the secondary im-
pinger. This requirement does not
apply to dilution air samples, since
they do not require secondary
impingers, or to samples in which the
concentrations approach the limit of
detection.

(c) Component description, CFV–CVS.
The CFV–CVS sample system, Figure
B94–4, consists of a dilution air filter
and mixing assembly, a cyclone partic-
ulate separator, unheated sampling
venturies for the bag samples, and for
the methanol and formaldehyde sam-
ples from methanol-fueled vehicles,
samples lines heated to a temperature
that is more than 5 °F (3 °C) above the
maximum dew point of the sample, but
below 250 °F (121 °C) for the methanol
and formaldehyde samples from meth-
anol fueled vehicles (heating of the
sample lines may be omitted provided,
the methanol and formaldehyde sample
collection systems are close coupled to
the probes thereby preventing loss of
sample due to cooling and resulting
condensation in the sample lines), a
critical flow venturi, and assorted
valves, and pressure and temperature
sensors. The CFV sample system shall
conform to the following requirements:

(1) Static pressure variations at the
tailpipe(s) of the vehicle shall remain
within ±5 inches of water (1.2 kPa) of

the static pressure variations measured
during a dynamometer driving cycle
with no connection to the tailpipe(s).
(Sampling systems capable of main-
taining the static pressure to within ±1
inch of water (0.25 kPa) will be used by
the Administrator if a written request
substantiates the need for this closer
tolerance.)

(2) The temperature measuring sys-
tem shall have an accuracy and preci-
sion of ±2 °F (1.1 °C) and a response
time of 0.100 seconds to 62.5 percent of
a temperature change (as measured in
hot silicone oil).

(3) The pressure measuring system
shall have an accuracy and precision of
±1.6 inches of water (0.4 kPa).

(4) The flow capacity of the CVS shall
be large enough to completely elimi-
nate water condensation in the dilu-
tion and sampling systems. (300 to 350
cfm (0.142 to 0.165 m3/s) is sufficient for
most petroleum-fueled vehicles. Higher
flow rates are required for methanol-
fueled vehicles and may be required for
natural gas-fueled and liquefied petro-
leum gas-fueled vehicles. Procedures
for determining CVS flow rates are de-
tailed in ‘‘Calculation of Emissions and
Fuel Economy When Using Alternative
Fuels,’’ EPA 460/3–83–009.) Dehumidify-
ing the dilution air before entering the
CVS is allowed. Heating the dilution
air is also allowed, provided:

(i) The air (or air plus exhaust gas)
temperature does not exceed 250 °F (121
°C).

(ii) Calculation of the CVS flow rate
necessary to prevent water condensa-
tion is based on the lowest temperature
encountered in the CVS prior to sam-
pling. (It is recommended that the CVS
system be insulated when heated dilu-
tion air is used.)

(iii) The dilution ratio is sufficiently
high to prevent condensation in bag
samples as they cool to room tempera-
ture.

(5) Sample collection bags for dilu-
tion air and exhaust samples shall be of
sufficient size so as not to impede sam-
ple flow. A single dilution air sample,
covering the total test period, may be
collected for the determination of
methanol and formaldehyde back-
ground (methanol-fueled vehicles).

(6) The methanol sample collection
system and the formaldehyde sample
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collection system shall each be of suffi-
cient capacity so as to collect samples
of adequate size for analysis without
significant impact on the volume of di-
lute exhaust passing through the CVS.
The systems shall also comply with the
following requirements that apply to
the design of the systems, not to indi-
vidual tests.

(i) The methanol system shall be de-
signed such that, if a test vehicle emit-
ted the maximum allowable level of
methanol (based on all applicable
standards) during the first phase of the
test, the measured concentration in
the primary impinger would exceed ei-
ther 25 mg/l or a concentration equal to
25 times the limit of detection for the
GC analyzer. Sampling systems for all
phases shall be identical.

(ii) The formaldehyde system shall be
designed such that, if a test vehicle
emitted formaldehyde at a rate equal
to twenty percent of the maximum al-
lowable level of NMHCE (i.e., 0.05 g/mi
for a 0.25 g/mi NMHCE standard), or the
maximum formaldehyde level allowed
by a specific formaldehyde standard,
whichever is less, during the first phase
of the test, the concentration of form-
aldehyde in the DNPH solution of the
primary impinger, or solution resulting
from the extraction of the DNPH car-
tridge, shall exceed either 2.5 mg/l or a
concentration equal to 25 times the
limit of detection for the HPLC ana-
lyzer. Sampling systems for all phases
shall be identical.

(iii) The methanol and formaldehyde
systems shall be designed such that the
primary impinger collects at least 90
percent of the analyte in the samples.
The remaining analyte shall be col-
lected by the secondary impinger. This
requirement does not apply to dilution
air samples, since they do not require
secondary impingers, or to samples in
which the concentrations approach the
limit of detection.

(d) Component description, CFV–EFC–
CVS. The CVS sample system is iden-
tical to the system described in para-
graph (c) of this section, plus includes
a means of electronically measuring
the CVS flow rate, and electronic mass
flow controllers for the methanol and

formaldehyde sample lines. The EFC
sample system shall conform to all of
the requirements listed in paragraph
(c), except that the methanol and form-
aldehyde samples must both be drawn
from a static probe. It also must com-
ply with the following additional re-
quirements:

(1) The ratio of the CVS mass flow
rate to the sample mass flow rate shall
not deviate from the design ratio by
more than ±5 percent. (The volumetric
sample flow rate shall be varied in-
versely with the square root of the
bulk stream temperature.)

(2) Flow meters to totalize sample
volumes for methanol and/or formalde-
hyde samples shall meet the accuracy
specifications of § 86.120. Total sample
volumes may be obtained from the flow
controllers, provided that the control-
lers meet the accuracy specifications
of § 86.120.

[56 FR 25760, June 5, 1991, as amended at 59
FR 48505, Sept. 21, 1994; 60 FR 34336, June 30,
1995]

§ 86.110–90 Exhaust gas sampling sys-
tem; diesel vehicles.

(a) General. The exhaust gas sampling
system described in this paragraph is
designed to measure the true mass of
both gaseous and particulate emissions
in the exhaust of either diesel light-
duty vehicles and light-duty trucks.
This system utilizes the CVS concept
(described in § 86.109) of measuring
mass emissions. The mass of gaseous
emissions is determined from the sam-
ple concentration and total flow over
the test period. The mass of particulate
emissions is determined from a propor-
tional mass sample collected on a filter
and from the total flow over the test
period. General requirements are as
follows:

(1) This sampling system requires the
use of a PDP–CVS or a CFV sample
system with heat exchanger connected
to a dilution tunnel. Figure B90–5 is a
schematic drawing of the PDP system.
Figure B90–6 is a schematic drawing of
the CFV system (methanol-fueled Otto-
cycle vehicles may be tested using this
test equipment.)
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(2) Bag, HFID, and particulate sam-
pling capabilities as shown in Figure
B90–5 (or Figure B90–6) are required to
provide both gaseous and particulate

emissions sampling capabilities from a
single system.
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(3) Petroleum-fueled diesel vehicles
require a heated flame ionization de-
tector (HFID) (375°±20 °F (191°±11 °C))
sample for hydrocarbon analysis. The
HFID sample must be taken directly
from the diluted exhaust stream
through a heated probe in the dilution
tunnel.

(4) Methanol-fueled vehicles require
the use of a heated flame ionization de-
tector (HFID) (235°±15 °F (113°±8 °C)) for
hydrocarbon analysis. With an HFID,
the hydrocarbon analysis can be made
on the bag sample and the methanol
and formaldehyde analyses are per-
formed on the samples collected for
these purposes (Figures B90–2 and B90–
3). NOTE: For 1990 through 1994 model
year methanol-fueled vehicles, meth-
anol and formaldehyde sampling may
be omitted provided the bag sample is
analyzed using a HFID calibrated with
methanol.

(5) Methanol-fueled vehicles require
either:

(i) A tailpipe to dilution tunnel duct
of unrestricted length maintained at
235°±15 °F (113°±8 °C) through heating
and cooling as required; or

(ii) Using short duct (up to 12 feet
long) constructed of smooth wall pipe
with a minimum of flexible sections
maintained at 235°±15 °F (113°± °C) prior
to the test and during breaks in testing
(insulation may remain in place and/or
heating may occur during testing pro-
vided maximum temperature is not ex-
ceeded); or

(iii) Using a smooth wall duct less
than five feet long with no required
heating, or

(iv) Omitting the duct and perform-
ing the exhaust gas dilution function
at the vehicle tailpipe exit.

(6) Since various configurations can
produce equivalent results, exact con-
formance with these drawings is not re-
quired. Additional components such as
instruments, valves, solenoids, pumps,
and switches may be used to provide
additional information and coordinate
the functions of the component sys-
tems.

(7) Other sampling systems may be
used if shown to yield equivalent re-
sults and if approved in advance by the
Administrator.

(b) Component description—petroleum-
fueled diesel vehicles. The components

necessary for petroleum fueled diesel
vehicle exhaust sampling shall meet
the following requirements:

(1) The PDP–CVS, Figure B90–5, shall
conform to all of the requirements list-
ed for the exhaust gas PDP–CVS
(§ 86.109(b)), with one exception: a flow
rate of sufficient volume is required to
maintain the diluted exhaust stream,
from which the particulate sample flow
is taken, at a temperature of 125 °F (52
°C) or less.

(2) The CFV sample system, Figure
B90–6, shall conform to all of the re-
quirements listed for the exhaust gas
CFV sample system (§ 86.109(c)), with
four exceptions:

(i) A flow rate of sufficient volume is
required to maintain the diluted ex-
haust stream, from which the particu-
late sample flow is taken, at a tem-
perature of 125 °F (52 °C) or less.

(ii) A heat exchanger is required.
(iii) The gas mixture temperature,

measured at a point immediately
ahead of the critical flow venturi, shall
be within ±20 °F (11 °C) of the designed
operating temperature at the start of
the test. The gas mixture temperature
variation from its value at the start of
the test shall be limited to ±20 °F (11
°C) during the entire test. The tem-
perature measuring system shall have
an accuracy and precision of ±2 °F (1.1
°C).

(iv) The cyclonic separator is op-
tional.

(3) The transfer of heat from the ve-
hicle exhaust gas shall be minimized
between the point where it leaves the
vehicle tailpipe(s) and the point where
it enters the dilution tunnel airstream.
To accomplish this, a short length (not
more than 12 feet (365 cm) if
uninsulated, or not more than 20 feet
(610 cm) if insulated) of smooth stain-
less steel tubing from the tailpipe to
the dilution tunnel is required. This
tubing shall have a maximum inside di-
ameter of 4.0 inches (10.2 cm). Short
sections of flexible tubing at connec-
tion points are allowed.

(4) The vehicle exhaust shall be di-
rected downstream at the point where
it is introduced into the dilution tun-
nel.

(5) The dilution air shall be between
68 °F (20 °C) and 86 °F (30 °C) during the
test.
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(6) The dilution tunnel shall be:
(i) Sized to permit development of

turbulent flow (Reynold’s No. >>4000)
and complete mixing of the exhaust
and dilution air between the mixing
orifice and each of the two sample
probes (i.e., the particulate probe and
the heated HC sample probe). It is rec-
ommended that uniform mixing be
demonstrated by the user.

(ii) At least 8.0 inches (20.3 cm) in di-
ameter.

(iii) Constructed of electrically con-
ductive material which does not react
with the exhaust components.

(iv) Grounded.
(7) The temperature of the diluted ex-

haust stream inside of the dilution tun-
nel shall be sufficient to prevent water
condensation. However, the sample
zone dilute exhaust temperature shall
not exceed 125 °F (52 °C) at any time
during the test.

(8) The particulate sample probe
shall be:

(i) Installed facing upstream at a
point where the dilution air and ex-
haust are well mixed (i.e., near the tun-
nel centerline, approximately 10 tunnel
diameters downstream from the point
where the exhaust enters the dilution
tunnel).

(ii) Sufficiently distant (radially)
from the total hydrocarbon probe so as
to be free from the influence of any
wakes or eddies produced by the total
hydrocarbon probe.

(iii) 0.5 inch (1.27 cm) minimum in-
side diameter.

(iv) The distance from the sampling
tip to the filter holder shall be at least
5 probe diameters (for filters located
inside of the tunnel), but not more
than 40.0 inches (102 cm) for filters lo-
cated outside of the dilution tunnel.

(v) Free from sharp bends.
(vi) Configured so that a clean partic-

ulate filter (including back-up filter)
can be selected simultaneously with
the selection of an empty gaseous
emissions bag.

(9) The flow rate through the particu-
late probe shall be maintained to a
constant value within ±5 percent of the
set flow rate.

(10) The particulate sample pump
shall be located sufficiently distant
from the dilution tunnel so that the
inlet gas temperature is maintained at

a constant temperature (±5.0 °F (2.8
°C)).

(11) The gas meters or flow instru-
mentation shall be located sufficiently
distant from the tunnel so that the
inlet gas temperature remains con-
stant (±5.0 °F (2.8 °C)).

(12) The total hydrocarbon probe
shall be:

(i) Installed facing upstream at a
point where the dilution air and ex-
haust are well mixed (i.e., approxi-
mately 10 tunnel diameters down-
stream from the point where the ex-
haust enters the dilution tunnel).

(ii) Sufficiently distant (radially)
from the particulate probe so as to be
free from the influence of any wakes or
eddies produced by the particulate
probe.

(iii) Heated and insulated over the
entire length to maintain a 375°±20 °F
(191°±11 °C) wall temperature.

(iv) 0.19 in. (0.48 cm) minimum inside
diameter.

(13) It is intended that the total hy-
drocarbon probe be free from cold spots
(i.e., free from spots where the probe
wall temperature is less than 355 °F).
This will be determined by a tempera-
ture sensor located on a section of the
probe wall outside of the dilution tun-
nel. The temperature sensor shall be
insulated from any heating elements
on the probe. The sensor shall have an
accuracy and precision of ±2 °F (1.1 °C).

(14) The dilute exhaust gas flowing in
the total hydrocarbon sample system
shall be:

(i) At 375 °F±10 °F (191 °C±6 °C) imme-
diately before the heated filter. This
will be determined by a temperature
sensor located immediately upstream
of the filter. The sensor shall have an
accuracy and precision of ±2 °F (1.1 °C).

(ii) At 375 °F±10 °F (191 °C±6 °C) imme-
diately before the HFID. This will be
determined by a temperature sensor lo-
cated at the exit of the heated sample
line. The sensor shall have an accuracy
and precision of ±2 °F (1.1 °C).

(15) It is intended that the dilute ex-
haust gas flowing in the total hydro-
carbon sample system be between 365
°F and 385 °F (185 °C and 197 °C).

(c) Component description—methanol-
fueled diesel vehicles. The components
necessary for methanol-fueled diesel
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vehicle exhaust sampling shall meet
the following requirements:

(1) The PDP–CVS, Figure B90–5 shall
conform to all of the requirements list-
ed for the exhaust gas PDP–CVS
(§ 86.109 (a)(3) and (b)), with one excep-
tion: a flow rate of sufficient volume is
required to maintain the diluted ex-
haust stream, from which the particu-
late sample flow is taken, at a tem-
perature of 125 °F (52 °C) or less and
shall prevent the condensation of water
vapor in the dilution tunnel.

(2) The CFV sample system, Figure
B90–6 shall conform to all of the re-
quirements listed for the exhaust gas
CFV sample system (§ 86.109 (a)(4) and
(c)), with four exceptions:

(i) A flow rate of sufficient volume is
required to maintain the diluted ex-
haust stream, from which the particu-
late sample flow is taken, at a tem-
perature of 125 °F (52 °C) or less and
shall prevent the condensation of water
vapor in the dilution tunnel.

(ii) A heat exchanger is required.
(iii) The gas mixture temperature,

measured at a point immediately
ahead of the critical flow venturi, shall
be within ±20 °F (11 °C) of the designed
operating temperature at the start of
the test. The gas mixture temperature
variation from its value at the start of
the test shall be limited to ±20 °F (11
°C) during the entire test. The tem-
perature measuring system shall have
an accuracy and precision of ±2 °F (1.1
°C).

(iv) The cyclonic separator is op-
tional.

(3) Losses of methanol due to con-
densation of water in the duct connect-
ing the vehicle tail pipe to the dilation
tunnel must be minimized. This may be
accomplished by:

(i) The use of a duct of unrestricted
length maintained at 235°±15 °F (113°±8
°C) through heating and cooling as re-
quired, or

(ii) The use of a short duct (up to 12
feet long) constructed of smooth wall
pipe with a minimum of flexible sec-
tions maintained at 235°±15 °F (113°±8
°C) prior to the test and during breaks
in testing (insulation may remain in
place and/or heating may occur during
testing provided maximum tempera-
ture is not exceeded); or

(iii) Using a smooth wall duct less
than five feet long with no required
heating, or

(iv) Omitting the duct and perform-
ing the exhaust gas dilution function
at the vehicle tailpipe exit.

(4) The vehicle exhaust shall be di-
rected downstream at the point where
it is introduced into the dilution tun-
nel.

(5) The dilution air shall be between
68 °F (20 °C) and 86 °F (30 °C) during the
test.

(6) The dilution tunnel shall be:
(i) Sized to permit development of

turbulent flow (Reynold’s No. >>4000)
and complete mixing of the exhaust
and dilution air between the mixing
orifice and the particulate sample
probe. It is recommended that uniform
mixing be demonstrated by the user.

(ii) At least 8.0 inches (20.3 cm) in di-
ameter.

(iii) Constructed of electrically con-
ductive material which does not react
with the exhaust components.

(iv) Grounded.
(7) The temperature of the diluted ex-

haust stream inside of the dilution tun-
nel shall be sufficient to prevent water
condensation. However, the sample
zone dilute exhaust temperature shall
not exceed 125 °F (52 °C) at any time
during the test.

(8) The particulate sample probe
shall be:

(i) Installed facing upstream at a
point where the dilution air and ex-
haust are well mixed (i.e., near the tun-
nel centerline, approximately 10 tunnel
diameters downstream from the point
where the exhaust enters the dilution
tunnel).

(ii) Sufficiently distant (radially)
from the total hydrocarbon probe so as
to be free from the influence of any
wakes or eddies produced by the total
hydrocarbon probe.

(iii) 0.5 inch (1.27 cm) minimum in-
side diameter.

(iv) The distance from the sampling
tip to the filter holder shall be at least
5 probe diameters (for filters located
inside of the tunnel), but not more
than 40.0 inches (102 cm) for filters lo-
cated outside of the dilution tunnel.

(v) Free from sharp bends.
(vi) Configured so that a clean partic-

ulate filter (including back up filter)
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can be selected simultaneously with
the selection of an empty gaseous
emissions bag.

(9) The flow rate through the particu-
late probe shall be maintained to a
constant value within ±5 percent of the
set flow rate.

(10) The particulate sample pump
shall be located sufficiently distant
from the dilution tunnel so that the
inlet gas temperature is maintained at
a constant temperature (±5.0 °F (2.8
°C)).

(11) The gas meters or flow instru-
mentation shall be located sufficiently
distant from the tunnel so that the
inlet gas temperature remains con-
stant (±5.0 °F (2.8 °C)).

(12) The hydrocarbon probe shall be:
(i) Installed facing upstream at a

point where the dilution air and ex-
haust are well mixed (i.e., approxi-
mately 10 tunnel diameters down-
stream from the point where the ex-
haust enters the dilution tunnel).

(ii) Sufficiently distant (radially)
from the particulate probe so as to be
free from the influence of any wakes or
eddies produced by the particulate
probe.

(iii) Heated and insulated over the
entire length to maintain a 235°±15 °F
(113°±8 °C) wall temperature.

(iv) 0.19in. (0.48 cm) minimum inside
diameter.

(13) It is intended that the total hy-
drocarbon probe be free from cold spots
(i.e., free from cold spots where the
probe wall temperature is less than 220
°F.) This will be determined by a tem-
perature sensor located on a section of
the probe wall outside of the dilution
tunnel. The temperature sensor shall
be insulated from any heating elements

on the probe. The sensor shall have an
accuracy and precision of ±2 °F (1.1 °C).

(14) The dilute exhaust gas flowing in
the hydrocarbon sample system shall
be:

(i) At 235 °F±15 °F (113 °C±8 °C) imme-
diately before the heated filter. This
will be determined by a temperature
sensor located immediately upstream
of the filter. The sensor shall have an
accuracy and precision of ±2 °F (1.1 °C).

(ii) At 235 °F±15 °F (113 °C ±8 °C) im-
mediately before the HFID. This will
be determined by a temperature sensor
located at the exit of the heated sam-
ple line. The sensor shall have an accu-
racy and precision of ±2 °F (1.1 °C).

(15) It is intended that the dilute ex-
haust gas flowing in the hydrocarbon
sample system be between 220 °F and
250 °F (105 °C and 121 °C).

(16) For methanol-fueled vehicles,
bag sampling procedures for the meas-
urement of hydrocarbons as described
in § 86.109 may be employed.

(d) Filters, particulate sampling. (1) Fil-
ter acceptance criteria. Valid diesel
particulate net filter weights shall be
accepted according to the following
criteria:

(i) During each phase of the UDDS,
dilute exhaust will be simultaneously
sampled by paired primary test and
back-up test filters.

(ii) The back-up filter holder shall be
located 3 to 4 inches downstream of the
primary filter holder.

(iii) The net weight of particulate
material collected on each primary
test filter and each back-up test filter
shall be determined by the procedure
outlined in § 86.139.

(iv) A ratio of net weights will be de-
termined by the following formula:

Ratio of net weights =
(Mass Particulate) 

(Mass Particulate) (Mass Particulate) 

primary filter

primary filter back-up filter+

(v) If the ratio is greater than 0.95,
then particulate emissions calculations
are based on the net weight of the pri-
mary filter only.

(vi) If the ratio is less than 0.95, then
particulate emissions calculations are

based on the combined net weights of
the back-up test filter and the primary
test filter.

(2) The particulate filter must have a
minimum 47 mm diameter (37 mm
stain area). Larger diameter filters are
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also acceptable. (Larger diameter fil-
ters may be desirable in order to re-
duce the pressure drop across the filter
when testing vehicles which produce
large amounts of particulate.)

(3) The recommended minimum load-
ing on the primary 47 mm filter is 0.5
milligrams. Equivalent loadings (i.e.,
mass/stain area) are recommended for
larger filters.

(4) Fluorocarbon coated glass fiber
filters or fluorocarbon-based (mem-
brane) filters are required for particu-
late collection.

[54 FR 14507, Apr. 11, 1989]

§ 86.110–94 Exhaust gas sampling sys-
tem; diesel-cycle vehicles, and Otto-
cycle vehicles requiring particulate
emissions measurements.

Section 86.110–94 includes text that
specifies requirements that differ from
§86.110–90. Where a paragraph in
§ 86.110–90 is identical and applicable to
§ 86.110–94, this may be indicated by
specifying the corresponding paragraph
and the statement ‘‘[Reserved]. For
guidance see § 86.110–90.’’ Where a cor-
responding paragraph of § 86.110–90 is
not applicable, this is indicated by the
statement ‘‘[Reserved].’’

(a) General. The exhaust gas sampling
system described in this paragraph is
designed to measure the true mass of
both gaseous and particulate emissions
in the exhaust of either diesel-cycle or
Otto-cycle light-duty vehicles and
light-duty trucks. This system utilizes
the CVS concept (described in § 86.109)
of measuring mass emissions. The mass
of gaseous emissions is determined
from the sample concentration and
total flow over the test period. The
mass of particulate emissions is deter-
mined from a proportional mass sam-
ple collected on a filter and from the
total flow over the test period. General
requirements are as follows:

(1) This sampling system requires the
use of a PDP–CVS, CFV–CVS (or a
CFV–EFC–CVS), sample system with
heat exchanger connected to a dilution
tunnel. The heat exchanger is not re-
quired for the CFV–CVS or EFC–CFV–
CVS if electronic flow controllers are
used to maintain proportionality for
the particulate sample. Figure B94–5 is
a schematic drawing of the PDP sys-
tem. Figure B94–6 is a schematic draw-
ing of the CFV–CVS system. (Meth-
anol-fueled Otto-cycle vehicles may be
tested using this test equipment, with-
out measuring particulate emissions.)
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(2) Bag, continuous HFID (required
for petroleum-fueled diesel-cycle and
optional for methanol-fueled, natural
gas-fueled and liquefied petroleum gas-
fueled diesel-cycle vehicles), and par-
ticulate sampling capabilities as shown
in Figure B94–5 (or Figure B94–6) are
required to provide both gaseous and

particulate emissions sampling capa-
bilities from a single system.

(3) Petroleum-fueled diesel-cycle ve-
hicles require a heated flame ioniza-
tion detector (HFID) (375 °±20 °F (191
°±11 °C)) sample for total hydrocarbon
(THC) analysis. The HFID sample must
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be taken directly from the diluted ex-
haust stream through a heated probe in
the dilution tunnel.

(4) Methanol-fueled vehicles require
the use of a heated flame ionization de-
tector (HFID) (235 °±15 °F (113 °±8 °C))
for hydrocarbon analysis. With an
HFID, the hydrocarbon analysis can be
made on the bag sample and the meth-
anol and formaldehyde analyses are
performed on the samples collected for
these purposes (Figures B94–2 and B94–
3).

NOTE: For 1990 through 1994 model year
methanol-fueled vehicles, methanol and
formaldehyde sampling may be omitted pro-
vided the bag sample is analyzed using a
HFID calibrated with methanol.

(5) For methanol-fueled vehicles, the
vehicle tailpipe-to-dilution tunnel con-
nection shall be made by:

(i) A tailpipe to dilution tunnel duct
of unrestricted length maintained at a
temperature above the dew point of the
mixture, but below 250 °F (121 °C)
through heating and cooling as re-
quired; or

(ii) Using a short duct (up to 12 feet
long) constructed of smooth wall pipe
with a minimum of flexible sections
maintained at a temperature above the
dew point of the mixture, but below 250
°F (121 °C) prior to the test and during
breaks in testing (insulation may re-
main in place and or heating may
occur during the testing provided the
maximum temperature is not exceed-
ed); or

(iii) Using smooth wall duct less than
five feet long with no required heating.
A maximum of two short flexible con-
nectors are allowed under this option;
or

(iv) By omitting the duct and per-
forming the exhaust gas dilution func-
tion at the vehicle tailpipe exit.

(6) For natural gas-fueled and lique-
fied petroleum gas-fueled diesel vehi-
cles either a heated flame ionization
detector (HFID) [375°±20 °F (191°±11 °C)]
or a non-heated flame ionization detec-
tor may be used for hydrocarbon analy-
sis.

(7) Since various configurations can
produce equivalent results, exact con-
formance with these drawings is not re-
quired. Additional components such as
instruments, valves, solenoids, pumps,
and switches may be used to provide

additional information and coordinate
the functions of the component sys-
tems.

(8) Other sampling systems may be
used if shown to yield equivalent or su-
perior results and if approved in ad-
vance by the Administrator.

(b) Component description—petroleum-
fueled, natural gas-fueled and liquefied
petroleum gas-fueled vehicles. The com-
ponents necessary for petroleum-
fueled, natural gas-fueled and liquefied
petroleum gas-fueled vehicle exhaust
sampling shall meet the following re-
quirements:

(1) The PDP–CVS, Figure B94–5, shall
contain a proportional particulate
sampling system, and shall conform to
all of the requirements listed for the
exhaust gas PDP–CVS (§ 86.109(b)), with
one exception: a flow rate of sufficient
volume is required to maintain the di-
luted exhaust stream, from which the
particulate sample flow is taken, at a
temperature of 125 °F (52 °C) or less.

(2) The CFV sample system, Figure
B94–6, shall contain a proportional par-
ticulate sampling system, and shall
conform to all of the requirements list-
ed for the exhaust gas CFV sample sys-
tem (§ 86.109(c)), except for the follow-
ing:

(i) A flow rate of sufficient volume is
required to maintain the diluted ex-
haust stream, from which the particu-
late sample flow is taken, at a tem-
perature of 125 °F (52 °C) or less.

(ii) If a constant volume particulate
sample is collected, a heat exchanger is
required.

(iii) If a heat exchanger is used, the
gas mixture temperature, measured at
a point immediately ahead of the criti-
cal flow venturi, shall be within ± 20 °F
(11 °C) of the designed operating tem-
perature at the start of the test. The
gas mixture temperature variation
from its value at the start of the test
shall be limited to ± 20 °F (11 °C) during
the entire test. The temperature meas-
uring system shall have an accuracy
and precision of ± 2 °F (1.1 °C).

(iv) The cyclonic separator is op-
tional.

(3) For gasoline-fueled, natural gas-
fueled and liquefied petroleum gas-
fueled Otto-cycle and petroleum-fueled,
natural gas- fueled and liquefied petro-
leum gas-fueled diesel-cycle vehicles,
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the transfer of heat from the vehicle
exhaust gas shall be minimized be-
tween the point where it leaves the ve-
hicle tailpipe(s) and the point where it
enters the dilution tunnel airstream.
To accomplish this, a short length (not
more than 12 feet (365 cm) if
uninsulated, or not more than 20 feet
(610 cm) if insulated) of smooth stain-
less steel tubing from the tailpipe to
the dilution tunnel is required. This
tubing shall have a maximum inside di-
ameter of 4.0 inches (10.2 cm). Short
sections of flexible tubing at connec-
tion points are allowed.

(4) The vehicle exhaust shall be di-
rected downstream at the point where
it is introduced into the dilution tun-
nel.

(5) The dilution air shall be between
68 °F (20 °C) and 86 °F (30 °C) during the
test.

(6) The dilution tunnel shall be:
(i) Sized to permit development of

turbulent flow (Reynold’s No. <<4000)
and complete mixing of the exhaust
and dilution air between the mixing
orifice and each of the two sample
probes (i.e., the particulate probe and
the heated THC sample probe). It is
recommended that uniform mixing be
demonstrated by the user.

(ii) At least 8.0 inches (20.3 cm) in di-
ameter.

(iii) Constructed of electrically con-
ductive material which does not react
with the exhaust components.

(iv) Grounded.
(7) The temperature of the diluted ex-

haust stream inside of the dilution tun-
nel shall be sufficient to prevent water
condensation. However, the sample
zone dilute exhaust temperature shall
not exceed 125 °F (52 °C) at any time
during the test.

(8) The particulate sample probe
shall be:

(i) Installed facing upstream at a
point where the dilution air and ex-
haust are well mixed (i.e., near the tun-
nel centerline, approximately 10 tunnel
diameters downstream from the point
where the exhaust enters the dilution
tunnel).

(ii) Sufficiently distant (radially)
from the THC probe (when the THC
probe is required) so as to be free from
the influence of any wakes or eddies
produced by the THC probe.

(iii) 0.5 inch (1.27 cm) minimum in-
side diameter.

(iv) The distance from the sampling
tip to the filter holder shall be at least
5 probe diameters (for filters located
inside of the tunnel), but not more
than 40.0 inches (102 cm) for filters lo-
cated outside of the dilution tunnel.

(v) Free from sharp bends.
(vi) Configured so that a clean partic-

ulate filter (including back-up filter)
can be selected simultaneously with
the selection of an empty gaseous
emissions bag.

(9) The flow rate through the particu-
late probe shall be maintained to a
constant value within ±5 percent of the
set flow rate.

(10) The particulate sample pump
shall be located sufficiently distant
from the dilution tunnel so that the
inlet gas temperature is maintained at
a constant temperature (±5.0 °F (2.8
°C)).

(11) The gas meters or flow instru-
mentation shall be located sufficiently
distant from the tunnel so that the
inlet gas temperature remains con-
stant (±5.0 °F (2.8 °C)).

(12) The THC probe (when the THC
probe is required) shall be:

(i) Installed facing upstream at a
point where the dilution air and ex-
haust are well mixed (i.e., approxi-
mately 10 tunnel diameters down-
stream from the point where the ex-
haust enters the dilution tunnel).

(ii) Sufficiently distant (radially)
from the particulate probe so as to be
free from the influence of any wakes or
eddies produced by the particulate
probe.

(iii) Heated and insulated over the
entire length to maintain a 375 °±20 °F
(191 °±11 °C) wall temperature.

(iv) 0.19 in. (0.48 cm) minimum inside
diameter.

(13) It is intended that the THC probe
be free from cold spots (i.e., free from
spots where the probe wall temperature
is less than 355 °F). This will be deter-
mined by a temperature sensor located
on a section of the probe wall outside
of the dilution tunnel. The tempera-
ture sensor shall be insulated from any
heating elements on the probe. The
sensor shall have an accuracy and pre-
cision of ±2 °F (1.1 °C).
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(14) The dilute exhaust gas flowing in
the THC sample system shall be:

(i) At 375 °F±10 °F (191 °C±6 °C) imme-
diately before the heated filter. This
will be determined by a temperature
sensor located immediately upstream
of the filter. The sensor shall have an
accuracy and precision of ±2 °F (1.1 °C).

(ii) At 375 °F±10 °F (191 °C ±6 °C) im-
mediately before the HFID. This will
be determined by a temperature sensor
located at the exit of the heated sam-
ple line. The sensor shall have an accu-
racy and precision of ±2 °F (1.1 °C).

(15) It is intended that the dilute ex-
haust gas flowing in the THC sample
system be between 365 °F and 385 °F
(185 °C and 197 °C).

(c) Component description—methanol-
fueled vehicles. The components nec-
essary for methanol-fueled vehicle ex-
haust sampling shall meet the follow-
ing requirements:

(1) The PDP–CVS, Figure B94–5, shall
contain a proportional particulate
sampling system, and shall conform to
all of the requirements listed for the
exhaust gas PDP–CVS (§ 86.109), with
one exception: a flow rate of sufficient
volume is required to maintain the di-
luted exhaust stream, from which the
particulate sample flow is taken, at a
temperature of 125 °F (52 °C) or less.

(2) The CFV–CVS sample system,
Figure B94–6, shall contain a propor-
tional particulate sampling system,
and shall conform to all of the require-
ments listed for the exhaust gas CFV
sample system (§ 86.109), except for the
following:

(i) A flow rate of sufficient volume is
required to maintain the diluted ex-
haust stream, from which the particu-
late sample flow is taken, at a tem-
perature of 125 °F (52 °C) or less.

(ii) If a constant volume particulate
sample is collected, a heat exchanger is
required.

(iii) If a heat exchanger is used, the
gas mixture temperature, measured at
a point immediately ahead of the criti-
cal flow venturi, shall be within ± 20 °F
(11 °C) of the designed operating tem-
perature at the start of the test. The
gas mixture temperature variation
from its value at the start of the test
shall be limited to ± 20 °F (11 °C) during
the entire test. The temperature meas-

uring system shall have an accuracy
and precision of ± 2 °F (1.1 °C).

(iv) The cyclonic separator is op-
tional.

(3) The EFC–CFV–CVS sample system
shall conform to all of the require-
ments listed for the exhaust gas EFC
sample system (§ 86.109) with three ex-
ceptions:

(i) A flow rate of sufficient volume is
required to maintain the diluted ex-
haust stream, from which the particu-
late sample flow is taken, at a tem-
perature of 125 °F (52 °C) or less.

(ii) A proportional particulate sam-
ple shall be collected using an elec-
tronic flow controller that meets the
performance criteria listed in § 86.109
for methanol and formaldehyde EFC
systems.

(iii) The cyclonic separator is op-
tional.

(4) Losses of methanol due to con-
densation of water in the duct connect-
ing the vehicle tail pipe to the dilution
tunnel must be eliminated. This may
be accomplished by:

(i) The use of a duct of unrestricted
length maintained at a temperature
above the maximum dew point of the
exhaust, but below 250 °F (121 °C),
through heating and cooling as re-
quired; or

(ii) The use of a short duct (up to 12
feet long) constructed of smooth wall
pipe with a minimum of flexible sec-
tions maintained at a temperature
above the maximum dew point of the
exhaust, but below 250 °F (121 °C), prior
to the test and during breaks in testing
(insulation may remain in place and/or
heating may occur during testing pro-
vided maximum temperature is not ex-
ceeded); or

(iii) Using smooth wall duct less than
five feet long with no required heating.
A maximum of two short flexible con-
nectors are allowed under this option;
or

(iv) Omitting the duct and perform-
ing the exhaust gas dilution function
at the vehicle tailpipe exit.

(5) The vehicle exhaust shall be di-
rected downstream at the point where
it is introduced into the dilution tun-
nel.

(6) The dilution air shall be between
68 °F (20 °C) and 86 °F (30 °C) during the
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test (unless the requirements of
§ 86.109–94(b)(4) are also met).

(7) The dilution tunnel shall be:
(i) Sized to permit development of

turbulent flow (Reynold’s No. >>4000)
and complete mixing of the exhaust
and dilution air between the mixing
orifice and the particulate sample
probe. It is recommended that uniform
mixing be demonstrated by the user.

(ii) At least 8.0 inches (20.3 cm) in di-
ameter.

(iii) Constructed of electrically con-
ductive material which does not react
with the exhaust components.

(iv) Grounded.
(8) The temperature of the diluted ex-

haust stream inside of the dilution tun-
nel shall be sufficient to prevent water
condensation. However, the sample
zone dilute exhaust temperature shall
not exceed 125 °F (52 °C) at any time
during the test.

(9) The particulate sample probe
shall be:

(i) Installed facing upstream at a
point where the dilution air and ex-
haust are well mixed (i.e., near the tun-
nel centerline, approximately 10 tunnel
diameters downstream from the point
where the exhaust enters the dilution
tunnel).

(ii) Sufficiently distant (radially)
from the THC probe so as to be free
from the influence of any wakes or ed-
dies produced by the THC probe.

(iii) 0.5 inch (1.27 cm) minimum in-
side diameter.

(iv) The distance from the sampling
tip to the filter holder shall be at least
five probe diameters (for filters located
inside the tunnel), but not more than
40.0 inches (102 cm) for filters located
outside of the dilution tunnel.

(v) Free from sharp bends.
(vi) Configured so that a clean partic-

ulate filter (including back up filter)
can be selected simultaneously with
the selection of an empty gaseous
emissions bag.

(10) The flow rate through the partic-
ulate probe shall be maintained to a
constant value within ±5 percent of the
set flow rate.

(11) The particulate sample pump
shall be located sufficiently distant
from the dilution tunnel so that the
inlet gas temperature is maintained at

a constant temperature (± 5.0 °F (2.8
°C)).

(12) The gas meters or flow instru-
mentation shall be located sufficiently
distant from the tunnel so that the
inlet gas temperature remains con-
stant (± 5.0 °F (2.8 °C)).

(13) The hydrocarbon probe shall be:
(i) Installed facing upstream at a

point where the dilution air and ex-
haust are well mixed (i.e., approxi-
mately ten tunnel diameters down-
stream from the point where the ex-
haust enters the dilution tunnel).

(ii) Sufficiently distant (radially)
from the particulate probe so as to be
free from the influence of any wakes of
eddies produced by the particulate
probe.

(iii) Heated and insulated over the
entire length to maintain a wall tem-
perature more than 5 °F (3 °C) above
the maximum dew point of the sample,
but below 250 °F (121 °C).

(iv) 0.19 in. (0.48 cm) minimum inside
diameter.

(14) It is intended that the THC probe
be free from cold spots (i.e., free from
cold spots where the probe wall tem-
perature is less than 5 °F (3 °C) above
the maximum dew point of the sam-
ple.) This will be determined by a tem-
perature sensor located on a section of
the probe wall outside of the dilution
tunnel. The temperature sensor shall
be insulated from any heating elements
on the probe. The sensor shall have an
accuracy and precision of ± 2 °F (1.1 °C).

(15) The dilute exhaust gas flowing in
the hydrocarbon sample system shall
be:

(i) At 235 °F ± 15 °F (113 °C ± 8 °C) im-
mediately before the heated filter. This
will be determined by a temperature
sensor located immediately upstream
of the filter. The sensor shall have an
accuracy and precision of ± 2 °F (1.1 °C).

(ii) At 235° ± 15 °F (113 °C ± 8 °C) im-
mediately before the HFID. This will
be determined by a temperature sensor
located at the exit of the heated sam-
ple line. The sensor shall have an accu-
racy and precision of ± 2 °F (1.1 °C).

(16) It is intended that the dilute ex-
haust gas flowing in the hydrocarbon
sample system between 220 °F and 250
°F (105 °C and 121 °C).
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(17) For methanol-fueled vehicles,
bag sampling procedures for the meas-
urement of hydrocarbons as described
in § 86.109 may be employed.

(d) [Reserved]. For guidance see
§ 86.110–90.

[56 FR 25767, June 5, 1991, as amended at 59
FR 48505, Sept. 21, 1994; 60 FR 34342, June 30,
1995]

§ 86.111–90 Exhaust gas analytical sys-
tem.

(a) Schematic drawings. Figure B90–7
is a schematic drawing of the exhaust
gas analytical system for analysis of
hydrocarbons (HC) (hydrocarbons plus
methanol in the case of methanol-

fueled vehicles), carbon monoxide (CO),
carbon dioxide (CO2), and oxides of ni-
trogen (NOX). The schematic diagram
of the hydrocarbon analysis train for
diesel vehicles (and for hydrocarbons
plus methanol for methanol-fueled die-
sel vehicles if continuous HFID analy-
sis is employed) is shown as part of
Figure B90–5 (or Figure B90–6). Since
various configurations can produce ac-
curate results, exact conformance with
either drawing is not required. Addi-
tional components such as instru-
ments, valves, solenoids, pumps and
switches may be used to provide addi-
tional information and coordinate the
functions of the component systems.
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(b) Major component description. The
exhaust gas analytical system for HC,
CO, CO2, and NOX, Figure B90–7, con-
sists of a flame ionization detector
(FID) (heated, 235°±15 °F (113°±8 °C) for
methanol-fueled vehicles) for the deter-
mination of hydrocarbons, non-disper-
sive infrared analyzers (NDIR) for the
determination of carbon monoxide and

carbon dioxide and a
chemiluminescence analyzer (CL) for
the determination of oxides of nitro-
gen. A heated flame ionization detector
(HFID) is used for the continuous de-
termination of hydrocarbons from pe-
troleum-fueled diesel vehicles (may
also be used with methanol-fueled die-
sel vehicles), Figure B90–5 (or B90–6).
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The analytical system for methanol
consists of a gas chromatograph (GC)
equipped with a flame ionization detec-
tor. The analysis for formaldehyde is
performed using high pressure liquid
chromatography (HPLC) of 2,4-dinitro-
phenylhydrazine (DNPH) derivatives
using ultraviolet (UV) detection. The
exhaust gas analytical system shall
conform to the following requirements:

(1) The CL requires that the nitrogen
dioxide present in the sample be con-
verted to nitric oxide before analysis.
Other types of analyzers may be used if
shown to yield equivalent results and if
approved in advance by the Adminis-
trator.

(2) The carbon monoxide (CO) NDIR
analyzer may require a sample condi-
tioning column containing CaSO4, or
indicating silica gel to remove water
vapor and containing ascarite to re-
move carbon dioxide from the CO anal-
ysis stream.

(i) If CO instruments which are essen-
tially free of CO2 and water vapor in-
terference are used, the use of the con-
ditioning column may be deleted, see
§§ 86.122 and 86.144.

(ii) A CO instrument will be consid-
ered to be essentially free of CO2 and
water vapor interference if its response
to a mixture of 3 percent CO2 in N2

which has been bubbled through water
at room temperature produces an
equivalent CO response, as measured
on the most sensitive CO range, which
is less than l percent of full scale CO
concentration on ranges above 300 ppm
full scale or less than 3 ppm on ranges
below 300 ppm full scale, see § 86.122.

(3) For petroleum-fueled diesel vehi-
cles (and if selected, for methanol-
fueled diesel vehicles) a continuous hy-
drocarbon sample shall be measured
using a heated analyzer train as shown
in Figure B90–5 (or B90–6). The train
shall include a heated probe, a heated
continuous sampling line, a heated par-
ticulate filter and a heated hydro-
carbon instrument (HFID) complete
with heated pump, filter and flow con-
trol system.

(i) The response time of this instru-
ment shall be less than 1.5 seconds for
90 percent of full scale response.

(ii) The continuous HC sample sys-
tem may use an ‘‘overflow’’ zero and
span system; see § 86.140–82(b)(4). In this

type of system (figures B82–3A and B82–
4A), zero or span gas is introduced into
the heated sample line at a flow rate
that exceeds the sample flow rate to
the HFID. The excess gas overflows the
sample probe into the dilution tunnel.
This method assures that the reference
gas enters HFID in the same con-
centration as the injected reference gas
and at the same rate as the sample ex-
haust gas. In addition to zero and span
checks, it may also be used to calibrate
the HC analyzer per § 86.121–82(b). The
overflow gas flow rate into the sample
line shall be greater than 125 percent of
the HFID flow rate with the CVS blow-
er operating. A lower flow rate may be
used if it has been experimentally
shown to produce equivalent results
and current dccumentation is main-
tained. The overflow gases shall enter
the heated sample line as close as prac-
ticable to the outside surface of the di-
lution tunnel.

(iii) No other analyzers may draw a
sample from the continuous HC sample
probe, line or system, unless a common
sample pump is used of all analyzers
and the single sample line system de-
sign reflects good engineering practice.

(iv) Sample transport time from sam-
pling point to inlet of instrument shall
be less than 4 seconds.

(v) For petroleum-fueled diesel vehi-
cles, the sample line and filter shall be
heated to maintain a sample gas tem-
perature of 375°±10 °F (191°±6 °C) before
the filter and before the HFID.

(vi) For methanol-fueled diesel vehi-
cles, the sample line and filter shall be
heated to maintain a sample gas tem-
perature of 235°±15 °F (113°±8 °C) before
the filter and before the HFID.

(c) Other analyzers and equipment.
Other types of analyzers and equip-
ment may be used if shown to yield
equivalent results and if approved in
advance by the Administrator.

[54 FR 14512, Apr. 11, 1989]

§ 86.111–94 Exhaust gas analytical sys-
tem.

Section 86.111–94 includes text that
specifies requirements that differ from
§86.111–90. Where a paragraph in
§ 86.111–90 is identical and applicable to
§ 86.111–94, this may be indicated by
specifying the corresponding paragraph
and the statement ‘‘[Reserved]. For
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guidance see § 86.111–90.’’ Where a cor-
responding paragraph of § 86.111–90 is
not applicable, this is indicated by the
statement ‘‘[Reserved].’’

(a) Schematic drawings. Figure B94–7
is a schematic drawing of the exhaust
gas analytical system for samples from
bag sampling systems for analysis of
total hydrocarbon (THC) (hydrocarbon
plus methanol in the case of methanol-
fueled vehicles), methane (CH4) (for ve-
hicles subject to the NMHC and
NMHCE standards), carbon monoxide
(CO), carbon dioxide (CO2), and oxides

of nitrogen (NOX). The schematic dia-
gram of the continuous THC analysis
train (and for THC plus methanol for
methanol-fueled diesel-cycle vehicles)
is shown as part of Figure B94–5 (or
Figure B94–6). Since various configura-
tions can produce accurate results,
exact conformance with either drawing
is not required. Additional components
such as instruments, valves, solenoids,
pumps, and switches may be used to
provide additional information and co-
ordinate the functions of the compo-
nent systems.
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(b) Major component description. The
exhaust gas analytical system, Figure
B94–7, consists of a flame ionization de-
tector (FID) (heated, 235 °±15 °F (113 °±8
°C) for methanol-fueled vehicles) for
the determination of THC, a methane
analyzer (consisting of a gas chro-
matograph combined with a FID) for
the determination of CH4 (for vehicles

subject to the NMHC and NMHCE
standards, where applicable), non-dis-
persive infrared analyzers (NDIR) for
the determination of CO and CO2 and a
chemiluminescence analyzer (CL) for
the determination of NOX. A heated
flame ionization detector (HFID) is
used for the continuous determination
of THC from petroleum-fueled diesel-
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cycle vehicles (may also be used with
methanol-fueled diesel-cycle vehicles),
Figure B94–5 (or B94–6). The analytical
system for methanol consists of a gas
chromatograph (GC) equipped with a
flame ionization detector. The analysis
for formaldehyde is performed using
high pressure liquid chromatography
(HPLC) of 2,4-dinitrophenylhydrazine
(DNPH) derivatives using ultraviolet
(UV) detection. The exhaust gas ana-
lytical system shall conform to the fol-
lowing requirements:

(1) The CL requires that the nitrogen
dioxide present in the sample be con-
verted to nitric oxide before analysis.
Other types of analyzers may be used if
shown to yield equivalent results and if
approved in advance by the Adminis-
trator.

(2) The carbon monoxide (CO) NDIR
analyzer may require a sample condi-
tioning column containing CaSO4, or
indicating silica gel to remove water
vapor, and containing ascarite to re-
move carbon dioxide from the CO anal-
ysis stream.

(i) If CO instruments which are essen-
tially free of CO2 and water vapor in-
terference are used, the use of the con-
ditioning column may be deleted, see
§§ 86.122 and 86.144.

(ii) A CO instrument will be consid-
ered to be essentially free of CO2 and
water vapor interference if its response
to a mixture of 3 percent CO2 in N2

which has been bubbled through water
at room temperature produces an
equivalent CO response, as measured
on the most sensitive CO range, which
is less than l percent of full scale CO
concentration on ranges above 300 ppm
full scale or less than 3 ppm on ranges
below 300 ppm full scale, see § 86.122.

(3) For petroleum-fueled diesel vehi-
cles (and if selected, for methanol-
fueled, natural gas-fueled and liquefied
petroleum gas-fueled diesel vehicles) a
continuous hydrocarbon sample shall
be measured using a heated analyzer
train as shown in Figure B90–5 (or B90–
6). The train shall include a heated
probe, a heated continuous sampling
line, a heated particulate filter and a
heated hydrocarbon instrument (HFID)
complete with heated pump, filter and
flow control system.

(i) The response time of this instru-
ment shall be less than 1.5 seconds for
90 percent of full scale response.

(ii) The continuous THC sample sys-
tem may use an ‘‘overflow’’ zero and
span system; see § 86.140–82(b)(4). In this
type of system (figures B82–3A and B82–
4A), zero or span gas is introduced into
the heated sample line at a flow rate
that exceeds the sample flow rate to
the HFID. The excess gas overflows the
sample probe into the dilution tunnel.
This method assures that the reference
gas enters HFID in the same con-
centration as the injected reference gas
and at the same rate as the sample ex-
haust gas. In addition to zero and span
checks, it may also be used to calibrate
the THC analyzer per § 86.121–82(b). The
overflow gas flow rate into the sample
line shall be greater than 125 percent of
the HFID flow rate with the CVS blow-
er operating. A lower flow rate may be
used if it has been experimentally
shown to produce equivalent results
and current documentation is main-
tained. The overflow gases shall enter
the heated sample line as close as prac-
ticable to the outside surface of the di-
lution tunnel.

(iii) No other analyzers may draw a
sample from the continuous THC sam-
ple probe, line, or system, unless a
common sample pump is used of all
analyzers and the single sample line
system design reflects good engineer-
ing practice.

(iv) Sample transport time from sam-
pling point to inlet of instrument shall
be less than 4 seconds.

(v) For petroleum-fueled, natural
gas-fueled and liquefied petroleum gas-
fueled diesel vehicles, the sample line
and filter shall be heated to maintain a
sample gas temperature of 375° ±10 °F
(191° ±6 °C) before the filter and before
the HFID.

(vi) For methanol-fueled diesel-cycle
vehicles, the sample line and filter
shall be heated to maintain a sample
gas temperature of 235 °±15 °F (113 °±8
°C) before the filter and before the
HFID.

(vii) Using a methane analyzer con-
sisting of a gas chromatograph com-
bined with a FID, the measurement of
methane shall be done in accordance
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with the Society of Automotive Engi-
neers, Inc. (SAE) Recommended Prac-
tice J1151, ‘‘Methane Measurement
Using Gas Chromatography,’’ Decem-
ber 1991, 1994 SAE Handbook—SAE
International Cooperative Engineering
Program, Volume 1: Materials, Fuels,
Emissions, and Noise; Section 13 and
page 170 (13.170), which is incorporated
by reference.

(A) This incorporation by reference
was approved by the Director of the
Federal Register in accordance with 5
U.S.C. 552(a) and 1 CFR part 51.

(B) Copies may be inspected at U.S.
EPA, OAR, 401 M Street, SW., Washing-
ton, DC 20460, or at the Office of the
Federal Register, 800 North Capitol
Street, NW., suite 700, Washington, DC.
Copies of this material may be ob-
tained from Society of Automotive En-
gineers International, 400 Common-
wealth Drive, Warrendale, PA 15096–001.

(c) Other analyzers and equipment.
Other types of analyzers and equip-
ment may be used if shown to yield
equivalent or superior results and if ap-
proved in advance by the Adminis-
trator.

[56 FR 25771, June 5, 1991, as amended at 58
FR 33209, June 16, 1993; 59 FR 48505, Sept. 21,
1994; 59 FR 50073, Sept. 30, 1994]

§ 86.112–91 Weighing chamber (or
room) and microgram balance spec-
ifications.

(a) Ambient conditions—(1) Tempera-
ture. The temperature of the chamber
in which the particulate filters are con-
ditioned and weighed shall be main-
tained to within ±10 °F (6 °C) of a set
point between 68 °F (20 °C) and 86 °F (30
°C) during all filter conditioning and
filter weighing. A continuous recording
of the temperature is required.

(2) Humidity. The relative humidity of
the chamber in which the particulate
filters are conditioned and weighed
shall be maintained to within ±10 per-
cent of a set point between 30 and 70
percent during all filter conditioning
and filter weighing. A continuous re-
cording of the temperature is required.

(3) The environment shall be free
from any ambient contaminants (such
as dust) that would settle on the par-
ticulate filters during their stabiliza-
tion.

(4) It is required that two unused ref-
erence filters remain in the weighing
room at all times in covered (to reduce
dust contamination) but unsealed (to
permit humidity exchange) petri
dishes. These reference filters shall be
placed in the same general area as the
sample filters. These reference filters
shall be weighed within 4 hours of, but
preferably just prior to, the pre- and
post-test sample filter weighings.

(5) If the weight of either of the ref-
erence filters changes between pre- and
post-test sample filter weighings by
more than ±2.0 percent of the test aver-
age primary filter loading (rec-
ommended minimum of 0.5 milligrams)
or ±0.010 milligrams, whichever is
greater, then the post-test sample fil-
ter weights are invalid. However, the
post-test weighing procedure can be re-
peated to obtain valid weights within
the time limits as specified in § 86.139.

(6) The reference filters shall be
changed at least once per month, but
never between pre- and post-test
weighings of a given sample filter. The
reference filters shall be the same size
and material as the sample filters.

(b) Microgram balance specifications.
The microgram balance used to deter-
mine the weights of all filters shall
have a precision (standard deviation)
and a readability of one microgram.

(c) Other procedures and equipment.
Other procedures and equipment may
be used if shown to yield equivalent or
superior results and if approved in ad-
vance by the Administrator.

[56 FR 25773, June 5, 1991]

§ 86.113–91 Fuel specifications.

(a) Otto-cycle test fuel. (1) Gasoline
having the following specifications will
be used by the Administrator in ex-
haust and evaporative emission testing
of petroleum-fueled Otto-cycle vehi-
cles. Gasoline having the following
specification or substantially equiva-
lent specifications approved by the Ad-
ministrator, shall be used by the manu-
facturer in exhaust and evaporative
testing except that octane specifica-
tions do not apply.
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Item

ASTM
test

method
No.

Value

Octane, re-
search.

min ................. D2699 .. 93

Sensitivity ........ min ................. .............. 7.5
Lead (organic) g/U.S. gal. (g/

liter).
D3237 .. 1 0.050

1 (0.013)
Distillation

Range:
IBP 2 ............. °F ................... D86 ...... 75–95

(°C) ................. .............. (23.9–35)
10 pct. point °F ................... D86 ...... 120–135

(°C) ................. .............. (48.9–57.2)
50 pct. point °F ................... D86 ...... 200–230

(°C) ................. .............. (93.3–110)
90 pct. point °F ................... D86 ...... 300–325

(°C) ................. .............. (148.9–162.8)
EP, (max.) ... °F ................... D86 ...... 415

(°C) ................. .............. (212.8)
Sulfur, weight

pct.
max. ............... D1266 .. 0.10

Phosphorus,
max.

g/U.S. gal. (g/
liter).

D3231 .. 0.005
(0.0013)

RVP 3,4 ............ psi (kPa) ......... D323 .... 8.7–9.2
(60.0–63.4)

Hydrocarbon
composition:
Olefins, ........ max. pct. ........ D1319 .. 10
Aromatics ..... max. pct. ........ D1319 .. 35
Saturates ..... ................... D1319 .. (5)

1 Maximum.
2 For testing at altitudes above 1,219 m (4,000 ft) the speci-

fied range is 75°–105 °F (23.9°–40.6 °C).
3 For testing which is unrelated to evaporative emission

control, the specified range is 8.0–9.2 psi (55.2–63.4 kPa).
4 For testing at altitudes above 1,219 m (4,000 ft) the speci-

fied range is 7.9–9.2 psi (54.5–63.4 kPa).
5 Remainder.

(2) Unleaded gasoline representative
of commercial gasoline which will be
generally available through retail out-
lets shall be used in service accumula-
tion for petroleum-fueled Otto-cycle
vehicles. Leaded gasoline will not be
used in service accumulation.

(i) The octane rating of the gasoline
used shall be no higher than 1.0 Re-
search octane number above the mini-
mum recommended by the manufac-
turer and have a minimum sensitivity
of 7.5 octane numbers, where sensitiv-
ity is defined as the Research octane
number minus the Motor octane num-
ber.

(ii) The Reid Vapor Pressure of the
gasoline used shall be characteristic of
the motor fuel used during the season
in which the service accumulation
takes place.

(3) Methanol fuel used for exhaust
and evaporative emission testing and
in service accumulation of methanol-
fueled Otto-cycle vehicles shall be rep-
resentative of commercially available
methanol fuel and shall consist of at
least 50 percent methanol by volume.

(i) Manufacturers shall recommend
the methanol fuel to be used for testing
and service accumulation in accord-
ance with paragraph (a)(3) of this sec-
tion.

(ii) The Administrator shall deter-
mine the methanol fuel to be used for
testing and service accumulation.

(4) Other methanol fuels may be used
for testing and service accumulation
provided:

(i) They are commercially available,
and

(ii) Information, acceptable to the
Administrator, is provided to show
that only the designated fuel would be
used in customer service, and

(iii) Use of a fuel listed under para-
graph (a)(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
must be provided prior to the start of
testing.

(5) The specification range of the
fuels to be used under paragraphs
(a)(2), (a)(3), and (a)(4) of this section
shall be reported in accordance with
§ 86.090–21(b)(3).

(b) Diesel test fuel. (1) The petroleum
fuels employed for testing diesel vehi-
cles shall be clean and bright, with
pour and cloud points adequate for
operability. The petroleum fuel may
contain nonmetallic additives as fol-
lows: cetane improver, metal deacti-
vator, antioxidant, dehazer, antirust,
pour depressant, dye, dispersant and
biocide. Except for the sulfur content
of ‘‘Type 2–D’’ fuel, fuels specified for
emissions testing are intended to be
representative of commercially avail-
able in-use fuels.

(2) Petroleum fuel for diesel vehicles
meeting the following specifications,
or substantially equivalent specifica-
tions approved by the Administrator,
shall be used in exhaust emissions test-
ing. The grade of petroleum fuel rec-
ommended by the engine manufac-
turer, commercially designated as
‘‘Type 2–D’’ grade diesel, shall be used.

Item

ASTM
test

method
No.

Type 2–D

Cetane Number ..... .............. D613 .... 42–50
Distillation range:

IBP ..................... °F ......... D86 ...... 340–400
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Item

ASTM
test

method
No.

Type 2–D

(°C) ...... .............. (171.1–204.4)
10 pct. point ....... °F ......... D86 ...... 400–460

(°C) ...... .............. (204.4–237.8)
50 pct. point ....... °F ......... D86 ...... 470–540

(°C) ...... .............. (243.3–282.2)
90 pct. point ....... °F ......... D86 ...... 560–630

(°C) ...... .............. (293.3–332.2)
EP ...................... °F ......... D86 ...... 610–690

(°C) ...... .............. (321.1–365.6)
Gravity ................... ° API .... D287 .... 32–37
Total sulfur ............. pct. ....... D2622 .. 0.08–0.12
Hydrocarbon com-

position:
Aromatics, min ... pct. ....... D1319 .. 27
Paraffins,

Naphthenes,
Olefins.

.............. D1319 .. (1)

Flashpoint, min ...... °F ......... D93 ...... 130
(°C) ...... .............. (54.4)

Viscosity,
centistokes.

.............. D445 .... 2.0–3.2

1 Remainder.

(3) Petroleum fuel for diesel vehicles
meeting the following specifications,
or substantially equivalent specifica-
tions approved by the Administrator,
shall be used in service accumulation.
The grade of petroleum diesel fuel rec-
ommended by the engine manufac-
turer, commercially designated as
‘‘Type 2–D’’ grade diesel fuel, shall be
used.

Item

ASTM
test

method
No.

Type 2–D

Cetane Number ........................ D613 .... 38–58
Distillation

range:
90 pct. point °F ................... D86 ...... 540–650

(°C) ................. .............. (282.2–343.3)
Gravity ............. °API ................ D287 .... 30–39
Total sulfur ...... pct .................. D2622 .. 0.08–0.12
Flashpoint, min °F ................... D93 ...... 130

(°C) ................. .............. (54.4)
Viscosity .......... centistokes ..... D455 .... 1.5–4.5

(4) Methanol fuel used for exhaust
and evaporative emission testing and
in service accumulation of methanol-
fueled diesel vehicles shall be rep-
resentative of commercially available
methanol fuel and shall consist of at
least 50 percent methanol by volume.

(i) Manufacturers shall recommend
the methanol fuel to be used for testing
and service accumulation in accord-
ance with paragraph (b)(4) of this sec-
tion.

(ii) The Administrator shall deter-
mine the methanol fuel to be used for
testing and service accumulation.

(5) Other fuels may be used for test-
ing and service accumulation provided:

(i) They are commercially available,
and

(ii) Information, acceptable to the
Administrator, is provided to show
that only the designated fuel would be
used in customer service, and

(iii) Use of a fuel listed under para-
graphs (b)(2) and (b)(3) or (b)(4) of this
section would have a detrimental effect
on emissions or durability, and

(iv) Written approval from the Ad-
ministrator of the fuel specifications
must be provided prior to the start of
testing.

(6) The specification range of the
fuels to be used under paragraphs
(b)(2), (b)(3), (b)(4), and (b)(5) of this
section shall be reported in accordance
with § 86.090–21(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.

(d) Mixtures of petroleum and methanol
fuels for flexible fuel vehicles. (1) Mix-
tures of petroleum and methanol fuels
used for exhaust and evaporative emis-
sion testing and service accumulation
for flexible fuel vehicles shall be within
the range of fuel mixtures for which
the vehicle was designed.

(2) Manufacturer testing and service
accumulation may be performed using
only those mixtures (mixtures may be
different for exhaust testing, evapo-
rative testing, and service accumula-
tion expected to result in the highest
emissions, provided:

(i) The fuels which constitute the
mixture will be used in customer serv-
ice, and

(ii) Information, acceptable to the
Administrator, is provided by the man-
ufacturer to show that the designated
fuel mixtures would result in the high-
est emissions, and

(iii) Written approval from the Ad-
ministrator of the fuel specifications
must be provided prior to the start of
testing.

(3) The specification range of the
fuels to be used under paragraph (d)(1)
of this section shall be reported in ac-
cordance with § 86.090–21(b)(3).

[55 FR 34144, Aug. 21, 1990, as amended at 57
FR 19538, May 7, 1992]
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§ 86.113–94 Fuel specifications.
(a) Gasoline fuel. (1) Gasoline having

the following specifications will be
used by the Administrator in exhaust
and evaporative emission testing of pe-
troleum-fueled Otto-cycle vehicles.
Gasoline having the following speci-
fication or substantially equivalent
specifications approved by the Admin-
istrator, shall be used by the manufac-
turer in exhaust and evaporative test-
ing except that octane specifications
do not apply;

Item

ASTM
test

method
No.

Value

Octane, Research, Min .................... D2699 93
Sensitivity, Min ................................. 7.5
Lead (organic):

g/U.S. gal. (g/liter) .................... D3237 1 0.050
1 (0.013)

Distillation Range:
IBP:2 °F (°C) ............................. D86 75–95

(23.9–35)
10 pct. point: °F (°C) ................ D86 120–135

(48.9–57.2)
50 pct. point: °F (°C) ................ D86 200–230

(93.3–110)
90 pct. point: °F (°C) ................ D86 300–325

(148.9–162.8):
EP, max: °F (°C) ...................... D86 415

(212.8)
Sulfur, weight pct. max .................... D1266 0.10
Phosphorus, max. g/U.S. gal. (g/

liter).
D3231 0.005

(0.0013)
RVP 3,4, psi (kPa) ............................. D3231 8.7–9.2

(60.0–63.4)
Hydrocarbon composition:

Olefins, max. pct ...................... D1319 10
Aromatics, max. pct .................. D1319 35
Saturates .................................. D1319 (5)

1 Maximum.
2 For testing at altitudes above 1,219 m (4,000 ft), the spec-

ified range is 75°–105 °F (23.9°–40.6 °C).
3 For testing which is unrelated to evaporative emission

control, the specified range is 8.0–9.2 psi (55.2–63.4 kPa).
4 For testing at altitudes above 1,219 m (4,000 ft), the spec-

ified range is 7.6–8.0 psi (52–55 kPa).
5 Remainder.

(2)(i) Unleaded gasoline representa-
tive of commercial gasoline which will

be generally available through retail
outlets shall be used in service accu-
mulation. Leaded gasoline will not be
used in service accumulation.

(ii) The octane rating of the gasoline
used shall be no higher than 1.0 Re-
search octane number above the mini-
mum recommended by the manufac-
turer and have a minimum sensitivity
of 7.5 octane numbers, where sensitiv-
ity is defined as the Research octane
number minus the Motor octane num-
ber.

(iii) The Reid Vapor Pressure of the
gasoline used shall be characteristic of
the motor fuel used during the season
in which the service accumulation
takes place.

(3) The specification range of the gas-
oline to be used under paragraph (a) of
this section shall be reported in accord-
ance with § 86.094–21(b)(3).

(b) Petroleum diesel test fuel. (1) The
petroleum fuels employed for testing
diesel vehicles shall be clean and
bright, with pour and cloud points ade-
quate for operability. The petroleum
diesel fuel may contain nonmetallic
additives as follows: Cetane improver,
metal deactivator, antioxidant,
dehazer, antirust, pour depressant, dye,
dispersant and biocide. Fuels specified
for emissions testing are intended to be
representative of commercially avail-
able in-use fuels.

(2) Petroleum fuel for diesel vehicles
meeting the following specifications,
or substantially equivalent specifica-
tions approved by the Administrator,
shall be used in exhaust emission test-
ing. The grade of petroleum diesel fuel
recommended by the engine manufac-
turer, commercially designated as
‘‘Type 2–D’’ grade diesel, shall be used:

Item ASTM test
method No. Type 2–D

Cetane Number .............................................................................................. D613 42–50
Distillation range: ............................

IBP .......................................................................................................... °F D86 340–400
(°C) (171.1–204.4)

10 pct. point ............................................................................................ °F D86 400–460
(°C) (204.4–237.8)

50 pct. point ............................................................................................ °F D86 470–540
(°C) (243.3–282.2)

90 pct. point ............................................................................................ °F D86 560–630
(°C) (293.3–332.2)

EP ........................................................................................................... °F D86 610–690
(°C) (321.1–365.6)

Gravity ............................................................................................................ °API D287 32–37
Total sulfur ..................................................................................................... pct. D2622 0.03–0.05
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Item ASTM test
method No. Type 2–D

Hydrocarbon composition:
Aromatics, min. ....................................................................................... pct. D1319 27
Paraffins, ................................................................................................. D1319 (1)
Naphthenes, ............................................................................................ ............................
Olefins ..................................................................................................... ............................

Flashpoint, min. .............................................................................................. °F D93 130
(°C) (54.4)

Viscosity, centistokes ..................................................................................... D445 2.0–3.2

1 Remainder.

(3) Petroleum fuel for diesel vehicles
meeting the following specifications,
or substantially equivalent specifica-
tions approved by the Administrator,
shall be used in service accumulation.

The grade of petroleum diesel fuel rec-
ommended by the engine manufac-
turer, commercially designated as
‘‘Type 2–D’’ grade diesel fuel, shall be
used:

Item ASTM test
method No. Type 2–D

Cetane Number ............................................................................................. D613 38–58
Cetane Index ................................................................................................. D976 min. 40
Distillation range:

90 pct. point ............................................................................................... °F D86 540–630
(°C) (282.2–343.3)

Gravity ........................................................................................................... °API D287 30–39
Total sulfur .................................................................................................... pct. D2622 0.03–0.05
Flashpoint, min. ............................................................................................. °F D93 130

(°C) (54.4)
Viscosity ........................................................................................................ centistokes D445 1.5–4.5

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

(i) They are commercially available;
and

(ii) Information, acceptable to the
Administrator, is provided to show
that only the designated fuel would be
used in customer service; and

(iii) Use of a fuel listed under para-
graphs (b)(2) and (b)(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 is
provided prior to the start of testing.

(5) The specification range of the
fuels to be used under paragraphs
(b)(2), (b)(3) and (b)(4) of this section
shall be reported in accordance with
§ 86.094–21(b)(3).

(c) Methanol fuel. (1) Methanol fuel
used for exhaust and evaporative emis-
sion testing and in service accumula-
tion shall be representative of commer-
cially available methanol fuel and
shall consist of at least 50 percent
methanol by volume.

(i) Manufacturers shall recommend
the methanol fuel to be used for testing
and service accumulation.

(ii) The Administrator shall deter-
mine the methanol fuel to be used for
testing and service accumulation.

(2) Other methanol fuels may be used
for testing and service accumulation
provided:

(i) They are commercially available;
and

(ii) Information, acceptable to the
Administrator, is provided to show
that only the designated fuel would be
used in customer service; and

(iii) Use of a fuel listed under para-
graph (c)(1) of this section would have
a detrimental effect on emissions or
durability; and

(iv) Written approval from the Ad-
ministrator of the fuel specifications
must be provided prior to the start of
testing.

(3) The specification range of the
fuels to be used under paragraphs (c)(1)
and (c)(2) of this section shall be re-
ported in accordance with § 86.094–
21(b)(3).
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(d) Mixtures of petroleum and methanol
fuels for flexible fuel vehicles. (1) Mix-
tures of petroleum and methanol fuels
used for exhaust and evaporative emis-
sion testing and service accumulation
for flexible fuel vehicles shall consist
of the appropriate petroleum fuels list-
ed in either paragraph (a) or paragraph
(b) of this section and a methanol fuel
representative of the fuel expected to
be found in use, as specified in para-
graph (c) of this section, and shall be
within the range of fuel mixtures for
which the vehicle was designed, as re-
ported in § 86.94–21(j). The Adminis-
trator may use any fuel or fuel mixture
within this range for testing.

(2) The fuel mixtures used by the
manufacturers shall be sufficient to
demonstrate compliance over the full
design range, and shall include:

(i) For emission testing:
(A) The petroleum fuel specified in

paragraph (a) or (b) of this section;
(B) A methanol fuel representative of

the methanol fuel expected to the
found in use, as specified in paragraph
(c) of this section;

(C) A combination of the fuels speci-
fied in paragraphs (d)(2)(i)(A) and
(d)(2)(i)(B) of this section at a composi-
tion which represents the highest Reid
Vapor Pressure of in-use mixtures.
This mixture shall contain between 9–
13 percent methanol by volume.

(ii) For service accumulation, the
fuels specified in paragraphs (a) and (c)
of this section or, for diesel FFVs,
paragraphs (b) and (c) of this section
shall be used alternately. The fuels
shall be alternated at mileage intervals
not to exceed 5,000 miles. The fuels
shall be alternated such that the cumu-
lative volumes of both the methanol
fuel and the petroleum fuel used shall
be at least 25 percent of the total fuel
volume.

(iii) Or, other combinations for test-
ing or service accumulation which
demonstrate compliance with the
standards over the entire design range
of the vehicle, provided that written
approval is obtained from the Adminis-
trator prior to the start of testing.

(3) The specification range of the
fuels to be used under this paragraph
(d) shall be reported in accordance with
§ 86.094–21.

(e) Natural gas fuel. (1) Natural gas
fuel having the following specifications
will be used by the Administrator for
exhaust and evaporative emission test-
ing of natural gas-fueled vehicles:

Item

ASTM
test

method
No.

Value

Methane ........................ min. mole pct. D1945 89.0
Ethane .......................... max. mole pct. D1945 4.5
C3 and higher ............... max. mole pct. D1945 2.3
C6 and higher ............... max. mole pct. D1945 0.2
Oxygen ......................... max. mole pct. D1945 0.6
Inert gases:

Sum of CO2 and N2 max. mole pct. D1945 4.0
Odorant 1

1 The natural gas at ambient conditions must have a distinc-
tive odor potent enough for its presence to be detected down
to a concentration in air of not over 1⁄5 (one-fifth) of the lower
limit of flammability.

(2) Natural gas representative of
commercially available natural gas
fuel which will be generally available
through retail outlets shall be used in
service accumulation for natural gas-
fueled vehicles.

(3) Other natural gas fuels may be
used for testing and service accumula-
tion provided:

(i) They are commercially available;
and

(ii) Information acceptable to the Ad-
ministrator is provided to show that
only the designated fuel would be used
in customer service; and

(iii) Written approval from the Ad-
ministrator of the fuel specifications
must be provided prior to the start of
testing.

(4) The specification range of the
fuels to be used under paragraphs (e)(1),
(e)(2) and (e)(3) of this section shall be
reported in accordance with § 86.094–
21(b)(3).

(f) Liquefied petroleum gas fuel. (1) Liq-
uefied petroleum gas fuel used for ex-
haust and evaporative emission testing
and in service accumulation shall be
commercially available liquefied petro-
leum gas fuel.

(i) Manufacturers shall recommend
the liquefied petroleum gas fuel to be
used for testing and service accumula-
tion.

(ii) The Administrator shall deter-
mine the liquefied petroleum gas fuel
to be used for testing and service accu-
mulation.

VerDate 25<JUN>98 07:53 Jul 29, 1998 Jkt 179152 PO 00000 Frm 00411 Fmt 8010 Sfmt 8010 Y:\SGML\179152T.XXX pfrm03 PsN: 179152T



416

40 CFR Ch. I (7–1–98 Edition)§ 86.114–79

(2) Other liquefied petroleum gas
fuels may be used for testing and serv-
ice accumulation provided:

(i) They are commercially available;
and

(ii) Information, acceptable to the
Administrator, is provided to show
that only the designated fuel would be
used in customer service; and

(iii) Written approval from the Ad-
ministrator of the fuel specifications
must be provided prior to the start of
testing.

(3) The specification range of the fuel
to be used under paragraphs (f)(1) and
(f)(2) of this section shall be measured
in accordance with ASTM D2163–61 and
reported in accordance with § 86.094–
21(b)(3).

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

[59 FR 48506, Sept. 21, 1994, as amended at 60
FR 34342, June 30, 1995; 62 FR 47120, Sept. 5,
1997; 63 FR 24448, May 4, 1998]

§ 86.114–79 Analytical gases.
(a) Analyzer gases. (1) Gases for the

CO and CO2 analyzers shall be single
blends of CO and CO2 respectively using
nitrogen as the diluent.

(2) Gases for the hydrocarbon ana-
lyzer shall be single blends of propane
using air as the diluent.

(3) Gases for NOX analyzer shall be
single blends of NO named as NOX, with
a maximum NO2 concentration of 5 per-
cent of the nominal value, using nitro-
gen as the diluent.

(4) Fuel for the evaporative emission
enclosure FID shall be a blend of 40±2%
hydrogen with the balance being he-
lium. The mixture shall contain less
than 1 ppm equivalent carbon response.
98 to 100 percent hydrogen fuel may be
used with advance approval by the Ad-
ministrator.

(5) The allowable zero gas (air or ni-
trogen) impurity concentrations shall
not exceed 1 ppm equivalent carbon re-
sponse, 1 ppm carbon monoxide, 0.04
percent (400 ppm) carbon dioxide and
0.1 ppm nitric oxide.

(6) ‘‘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.

(7) The use of precision blending de-
vices (gas dividers) to obtain the re-
quired calibration, as defined below, is
acceptable, provided that the calibra-
tion curver they produce name a cali-
bration gas within 2 percent of its cer-
tified concentration. This verification
shall be performed at between 15 and 50
percent of the full scale concentration
of the range and shall be included with
each gas calibration incorporating a
blending device. Alternative proce-
dures to verify the validity of the ana-
lyzer calibration curves generated
using a gas divider are acceptable pro-
vided the procedures are approved in
advance by the Administrator.

(b) Calibration gases shall be trace-
able to within 1 percent of NBS gas
standards, or other gas standards
which have been approved by the Ad-
ministrator.

(c) Span gases shall be accurate to
within 2 percent of true concentration,
where true concentration refers to NBS
gas standards, or other gas standards
which have been approved by the Ad-
ministrator.

[42 FR 32954, June 28, 1977, as amended at 43
FR 52920, Nov. 14, 1978; 54 FR 2121, Jan. 19,
1989]

§ 86.114–94 Analytical gases.

(a) Analyzer gases. (1) Gases for the
CO and CO2 analyzers shall be single
blends of CO and CO2 respectively using
nitrogen as the diluent.

(2) Gases for the THC analyzer shall
be:

(i) Single blends of propane using air
as the diluent; and

(ii) Optionally, for response factor
determination, single blends of meth-
anol using air as the diluent.

(3) Gases for the methane analyzer
shall be single blends of methane using
air as the diluent.

(4) Gases for the NOX analyzer shall
be single blends of NO named as NOX,
with a maximum NO2 concentration of
5 percent of the nominal value, using
nitrogen as the diluent.

(5) Fuel for FIDs and HFIDs and the
methane analyzer shall be a blend of 40
±2 percent hydrogen with the balance
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being helium. The mixture shall con-
tain less than one ppm equivalent car-
bon response. 98 to 100 percent hydro-
gen fuel may be used with advance ap-
proval by the Administrator.

(6) The allowable zero gas (air or ni-
trogen) impurity concentrations shall
not exceed 1 ppm equivalent carbon re-
sponse, 1 ppm carbon monoxide, 0.04
percent (400 ppm) carbon dioxide, and
0.1 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.

(8) The use of precision blending de-
vices (gas dividers) to obtain the re-
quired calibration, as defined below, is
acceptable, provided that the calibra-
tion curves they produce name a cali-
bration gas within 2 percent of its cer-
tified concentration. This verification
shall be performed at between 15 and 50
percent of the full scale concentration
of the range and shall be included with
each gas calibration incorporating a
blending device. Alternative proce-
dures to verify the validity of the ana-
lyzer calibration curves generated
using a gas divider are acceptable pro-
vided the procedures are approved in
advance by the Administrator.

(b) Calibration gases (not including
methanol) shall be traceable to within
one percent of NIST (formerly NBS)
gas standards, or other gas standards
which have been approved by the Ad-
ministrator.

(c) Span gases (not including meth-
anol) shall be accurate to within two
percent of true concentration, where
true concentration refers to NIST (for-
merly NBS) gas standards, or other gas
standards which have been approved by
the Administrator.

(d) Methanol in air gases used for re-
sponse factor determination shall:

(1) Be traceable to within ±2 percent
of NIST (formerly NBS) gas standards,
or other standards which have been ap-
proved by the Administrator; and

(2) Remain within ±2 percent of the
labeled concentration. Demonstration
of stability shall be based on a quar-
terly measurement procedure with a
precision of ±2 percent (two standard
deviations), or other method approved
by the Administrator. The measure-

ment procedure may incorporate mul-
tiple measurements. If the true con-
centration of the gas changes by more
than two percent, but less than ten per-
cent, the gas may be relabeled with the
new concentration.

[56 FR 25773, June 5, 1991, as amended at 60
FR 34342, June 30, 1995]

§ 86.115–00 EPA dynamometer driving
schedules.

Section 86.115–00 includes text that
specifies requirements that differ from
§86.115–78. Where a paragraph in
§ 86.115–78 is identical and applicable to
§ 86.115–00, this may be indicated by
specifying the corresponding paragraph
and the statement ‘‘[Reserved]. For
guidance see § 86.115–78.’’

(a) The driving schedules for the EPA
Urban Dynamometer Driving Schedule,
US06, SC03, and the EPA New York
City Cycles are contained in appendix I
of this part. The driving schedules are
defined by a smooth trace drawn
through the specified speed vs. time re-
lationships. They each consist of a dis-
tinct non-repetitive series of idle, ac-
celeration, cruise, and deceleration
modes of various time sequences and
rates.

(b) The driver should attempt to fol-
low the target schedule as closely as
possible (refer to § 86.128–00 for addi-
tional cycle driving instructions). The
speed tolerance at any given time for
these schedules, or for a driver’s aid
chart approved by the Administrator,
are as follows:

(b)(1) through (c) [Reserved]. For
guidance see § 86.115–78.

[61 FR 54891, Oct. 22, 1996]

§ 86.115–78 EPA urban dynamometer
driving schedule.

(a) The EPA Urban Dynamometer
Driving Schedule and the EPA New
York City Cycle are listed in appendix
I of this part. The driving schedules are
defined by a smooth trace drawn
through the specified speed vs. time re-
lationships. They each consist of a dis-
tinct nonrepetitive series of idle, accel-
eration, cruise, and deceleration modes
of various time sequences and rates.

(b) The driver should attempt to fol-
low the target schedule as closely as
possible. The speed tolerance at any
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given time for these schedules, or for a
driver’s aid chart approved by the Ad-
ministrator, are as follows:

(1) The upper limit is 2 mph (3.2 km/
h) higher than the highest point on the
trace within 1 second of the given time.

(2) The lower limit is 2 mph (3.2 km/
h) lower than the lowest point on the
trace within 1 second of the given time.

(3)(i) Speed variations greater than
the tolerances (such as may occur dur-
ing gear changes or braking spikes) are
acceptable, provided they occur for less
than 2 seconds on any occasion and are
clearly documented as to the time and
speed at that point of the driving
schedule.

(ii) When conducted to meet the re-
quirements of § 86.129–94 or § 86.153–
98(d), up to three additional occur-
rences of speed variations greater than
the tolerance are acceptable, provided
they occur for less than 15 seconds on

any occasion, and are clearly docu-
mented as to the time and speed at
that point of the driving schedule.

(4) Speeds lower than those pre-
scribed are acceptable, provided the ve-
hicle is operated at maximum available
power during such occurrences.

(5) When conducted to meet the re-
quirements of § 86.129–94, § 86.132–96,
§ 86.146–96, or § 86.153–98(d), the speed
tolerance shall be as specified above,
except that the upper and lower limits
shall be 4 mph (6.4 km/h).

(c) Figures B78–4(a) and B78–4(b) show
the range of acceptable speed
tolerances for typical points. Figure
B78–4(a) is typical of portions of the
speed curve which are increasing or de-
creasing throughout the 2-second time
interval. Figure B78–4(b) is typical of
portions of the speed curve which in-
clude a maximum or minimum value.

VerDate 25<JUN>98 07:53 Jul 29, 1998 Jkt 179152 PO 00000 Frm 00414 Fmt 8010 Sfmt 8010 Y:\SGML\179152T.XXX pfrm03 PsN: 179152T



419

Environmental Protection Agency § 86.116–90

[42 FR 32954, June 28, 1977, as amended at 43 FR 52920, Nov. 14, 1978; 58 FR 16030, Mar. 24, 1993;
59 FR 16296, Apr. 6, 1994]

§ 86.116–90 Calibrations, frequency
and overview.

(a) Calibrations shall be performed as
specified in § 86.117 through § 86.126.

(b) At least yearly or after any main-
tenance which could alter background
emission levels, evaporative enclosure
background emission measurements
shall be performed.
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(c) At least monthly or after any
maintenance which could alter calibra-
tion, the following calibrations and
checks shall be performed:

(1) Calibrate the hydrocarbon analyz-
ers (both evaporative and exhaust in-
struments), carbon dioxide analyzer,
carbon monoxide analyzer, oxides of ni-
trogen analyzer, methanol analyzer,
and formaldehyde analyzer (certain
analyzers may require more frequent
calibration depending on particular
equipment and uses).

(2) Calibrate the dynamometer. If the
dynamometer receives a weekly per-
formance check (and remains within
calibration) the monthly calibration
need not be performed.

(3) Perform a hydrocarbon and meth-
anol (if methanol fuel is used) reten-
tion check and calibration on the evap-
orative emission enclosure.

(4) Calibrate the gas meters or flow
instrumentation used for providing
total flow measurement for particulate
sampling.

(d) At least weekly or after any
maintenance which could alter calibra-
tion, the following calibrations and
checks shall be performed:

(1) Check the oxides of nitrogen con-
verter efficiency, and

(2) Perform a CVS system verifica-
tion.

(3) Run a performance check on the
dynamometer. This check may be
omitted if the dynamometer has been
calibrated within the preceeding
month.

(e) The CVS positive displacement
pump or Critical Flow Venturi shall be
calibrated following initial installa-
tion, major maintenance, or as nec-
essary when indicated by the CVS sys-
tem verification (described in § 86.119).

(f) Sample conditioning columns, if
used in the CO analyzer train, should
be checked at a frequency consistent
with observed column life or when the
indicator of the column packing begins
to show deterioration.

[54 FR 14516, Apr. 11, 1989]

§ 86.116–94 Calibrations, frequency
and overview.

(a) Calibrations shall be performed as
specified in § 86.117 through § 86.126.

(b) At least yearly or after any main-
tenance which could alter background

emission levels, evaporative enclosure
background emission measurements
shall be performed.

(c) At least monthly or after any
maintenance which could alter calibra-
tion, the following calibrations and
checks shall be performed:

(1) Calibrate the THC analyzers (both
evaporative and exhaust instruments),
methane analyzer, carbon dioxide ana-
lyzer, carbon monoxide analyzer, and
oxides of nitrogen analyzer (certain
analyzers may require more frequent
calibration depending on particular
equipment and uses).

(2) Calibrate the dynamometer. If the
dynamometer receives a weekly per-
formance check (and remains within
calibration) the monthly calibration
need not be performed.

(3) Perform an organic gas retention
and calibration on the evaporative
emissions enclosure (see § 86.117–90(c)).

(4) Calibrate the gas meters or flow
instrumentation used for providing
total flow measurement for particulate
sampling.

(5) Check the oxides of nitrogen con-
verter efficiency.

(d) At least weekly or after any
maintenance which could alter calibra-
tion, the following calibrations and
checks shall be performed:

(1) [Reserved]
(2) Perform a CVS system verifica-

tion, and
(3) Run a performance check on the

dynamometer. This check may be
omitted if the dynamometer has been
calibrated within the preceding month.

(e) The CVS positive displacement
pump or Critical Flow Venturi shall be
calibrated following initial installa-
tion, major maintenance, or as nec-
essary when indicated by the CVS sys-
tem verification (described in § 86.119).

(f) Sample conditioning columns, if
used in the CO analyzer train, should
be checked at a frequency consistent
with observed column life or when the
indicator of the column packing begins
to show deterioration.

(g) The Administrator, upon request,
may waive the requirement to comply
with the specified methanol recovery
tolerance (e.g., ±2 percent in §§ 86.117–90
and 86.119–90), and/or the specified
methanol retention tolerance (e.g., ±4
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percent in § 86.117–90), and instead re-
quire compliance with higher toler-
ances (not to exceed ±6 percent for re-
coveries and ±8 for retention), provided
that:

(1) The Administrator determines
that compliance with these specified
tolerances is not practically feasible;
and

(2) The manufacturer makes informa-
tion available to the Administrator
which indicates that the calibration
tests and their results are consistent
with good laboratory practice, and that
the results are consistent with the re-
sults of calibration testing conducted
by the Administrator.

[56 FR 25774, June 5, 1991, as amended at 58
FR 58422, Nov. 1, 1993; 59 FR 33913, July 1,
1994; 60 FR 34342, June 30, 1995]

§ 86.117–90 Evaporative emission en-
closure calibrations.

The calibration of the evaporative
emission enclosure consists of three
parts: Initial and periodic determina-
tion of enclosure background emissions
(hydrocarbons and methanol); initial
determination of enclosure internal
volume; and periodic hydrocarbon and
methanol retention check and calibra-
tion. Methanol measurements may be
omitted when methanol-fueled vehicles
will not be tested in the evaporative
enclosure.

(a) Initial and periodic determination of
enclosure background emissions. Prior to
its introduction into service, annually
thereafter, and after any repair which
can affect the enclosure background
emissions, the enclosure shall be
checked to determine that it does not
contain materials which will them-
selves emit hydrocarbons or meth-
anol.* Proceed as follows:

*NOTE: When methanol as well as hydro-
carbons are present in the evaporative enclo-
sure, the HFID hydrocarbon concentration
measurement includes the partial response
of the HFID to methanol plus the hydro-
carbons. Determination of the HFID re-
sponse to methanol, § 86.121, prior to its
being placed in service is required for the de-
termination of hydrocarbons.

(1) Zero and span (calibrate if re-
quired) the hydrocarbon analyzer.

(2) Purge the enclosure until a stable
background hydrocarbon reading is ob-
tained.

(3) Turn on the mixing blower (if not
already on).

(4) Seal enclosure and measure back-
ground hydrocarbon concentration,
background methanol, temperature,
and barometric pressure. These are the
initial readings CHCi, CCH3OHi, and PBi,
Ti, for the enclosure background deter-
mination.

(5) Allow the enclosure to stand un-
disturbed without sampling for four
hours.

(6) Measure the hydrocarbon con-
centration on the same FID and the
methanol level. These are the final
concentrations, CHCf and CCH3OHf. Also
measure final temperature and baro-
metric pressure.

(7) Calculate the mass change of
methanol, hydrocarbons, and hydro-
carbons plus methanol in the enclosure
according to the equations in para-
graph (d) of this section. The enclosure
background emissions (hydrocarbons
plus methanol) shall not be greater
than 0.4g for the 4 hours.

(b) Initial determination of enclosure
internal volume. Prior to its introduc-
tion into service the enclosure internal
volume shall be determined by the fol-
lowing procedure:

(1) Carefully measure the internal
length, width and height of the enclo-
sure, accounting for irregularities
(such as braces) and calculate the in-
ternal volume.

(2) Perform an enclosure calibration
check according to paragraphs (c) (1)
through (7) of this section.

(3) If the calculated mass does not
agree within 2 percent of the injected
propane mass, then corrective action is
required.

(c) Hydrocarbon and methanol (organic
gas) retention check and calibration. The
hydrocarbon and methanol (if the en-
closure is used for methanol-fueled ve-
hicles) retention check provides a
check upon the calculated volume and
also measures the leak rate. Prior to
its introduction into service and at
least monthly thereafter (the methanol
check can be performed less frequently,
provided it is performed at least twice
annually) the enclosure leak rate shall
be determined as follows:

(1) Zero and span (calibrate if re-
quired) the hydrocarbon analyzer.
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(2) Purge the enclosure until a stable
background hydrocarbon reading is ob-
tained.

(3) Turn on the mixing blower (if not
already on).

(4) Seal enclosure and measure back-
ground hydrocarbon concentration,
background methanol, temperature,
and barometric pressure. These are the
initial readings CHCi, CCH3OHi, Ti and PBi

for the enclosure calibration.
(5) Inject into the enclosure a known

quantity of pure propane (4g is a con-
venient quantity) and a known quan-
tity of pure methanol (4g is a conven-
ient quantity) in gaseous form; i.e., at
a temperature of at least 150–155 °F (65–
68 °C). The propane and methanol may
be measured by volume flow or by mass
measurement. The method used to
measure the propane and methanol
shall have an accuracy of ±0.5 percent
of the measured value (less accurate
methods may be used with the ad-
vanced approval of the Administrator).
The methanol and propane tests do not
need to be conducted simultaneously.

(6) After a minimum of 5 minutes of
mixing, analyze the enclosure atmos-
phere for hydrocarbon and methanol
content, also record temperature and
pressure. These measurements are the
final readings for the enclosure calibra-
tion as well as the initial readings for
the retention check.

(7) To verify the enclosure calibra-
tion, calculate the mass of propane and
the mass of methanol using the meas-

urements taken in steps (4) and (6) (see
paragraph (d) of this section). This
quantity must be within ±2 percent of
that measured in step 5 above. (For
1991–1995 calendar years, the difference
may exceed ±2 percent for methanol,
provided it does not exceed ±8 percent
for 1991 testing and ±6 percent for 1992–
1995 testing.)

(8) Allow the enclosure to remain
sealed for a minimum of 4 hours, ana-
lyze the enclosure atmosphere for hy-
drocarbon and methanol content;
record temperature and barometric
pressure. These are the final readings
for the hydrocarbon and methanol re-
tention check.

(9) Calculate, using the equations in
paragraph (d) of this section and the
readings taken in step (8), the hydro-
carbon and methanol mass. It may not
differ by more than ±4 percent of the
value in step (6). (For 1991–1995 cal-
endar years, the difference may exceed
±4 percent for methanol, provided it
does not exceed ±8 percent for 1991 test-
ing and ±6 percent for 1992–1995 test-
ing.)

(d) Calculations. (1) The calculation of
net methanol and hydrocarbon mass
change is used to determine enclosure
background and leak rate. It is also
used to check the enclosure volume
measurements. The methanol mass
change is calculated from the initial
and final methanol samples, tempera-
ture and pressure according to the fol-
lowing equation:

M V
TE

VE T
C AV C AV

TE

VE T
C AV C AV

CH OH X
f

f SHEDf

MX i f MS f f

i

i SHED

MS i i MS i i

i

3 1 1 2 2

1 1 1 2

= ×
×

×( ) + ×( )

−
×

×( ) + ×( )

Where:
(i) MCH3OH=Methanol mass change, µ g.
(ii) V=Enclosure volume, ft3, as meas-

ured in paragraph (b)(1) of this sec-
tion.

(iii) TE=Temperature of sample with-
drawn, °R.

(iv) TSHED=Temperature of SHED, °R.

(v) VE=Volume of sample withdrawn,
ft3.

(vi) PB=Barometric pressure at time of
sampling, in. Hg.

(vii) CMS=GC concentration of test sam-
ple.

(viii) AV=Volume of absorbing reagent
in impinger (ml).

(ix) i=Initial sample.
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(x) f=Final sample.
(xi) 1=First impinger.
(xii) 2=Second impinger.

(2) The hydrocarbon mass change is
calculated from the initial and final

FID readings of hydrocarbon con-
centration, methanol concentration
with FID response to methanol, tem-
perature, and pressure according to the
following equation:

M kV
C rC P

T

C rC P

T
HC

HCf CH OH Bf

f

HCi CH OH Bi

i

f i= ×
−( ) ×

−
−( ) ×











−10 4 3 3

Where:
(i) MHC=Hydrocarbon mass change, g.
(ii) CHC=FID hydrocarbon concentra-

tion as ppm carbon including FID

response to methanol in the sam-
ple.

(iii) CCH3OH=Methanol concentration as
ppm carbon

=
× ×

×
×( ) + ×( )[ ]

−1 501 10 3

1 1 2 2

. T

P V
C AV C AVE

B E

S

(iv) V=Enclosure volume ft3 (m3), as
measured in paragraph (b)(1) of this
section.

(v) r=FID response factor to methanol.
(vi) PB=Barometric pressure, in. Hg.

(kPa).
(vii) T=Enclosure ambient tempera-

ture, °R(°K).
(viii) i=Indicates initial reading.
(ix) f=Indicates final reading.
(x)(A) k=3.05.
(B) For SI units, k=17.60.

NOTE: Hydrocarbon concentration is stated
in ppm carbon, that is, ppm propane × 3. Ex-
pressions in parentheses are for SI units.

[54 FR 14516, Apr. 11, 1989, as amended at 60
FR 34342, June 30, 1995]

§ 86.117–96 Evaporative emission en-
closure calibrations.

The calibration of evaporative emis-
sion enclosures consists of three parts:
initial and periodic determination of
enclosure background emissions (hy-
drocarbons and methanol); initial de-
termination of enclosure internal vol-
ume; and periodic hydrocarbon and
methanol retention check and calibra-
tion. Methanol measurements may be
omitted if methanol-fueled vehicles
will not be tested in the evaporative
enclosure. Alternate calibration meth-

ods may be used if shown to yield
equivalent or superior results, and if
approved in advance by the Adminis-
trator; specifically, more extreme tem-
peratures may be used for determining
calibration without affecting the valid-
ity of test results.

(a) Initial and periodic determination of
enclosure background emissions. Prior to
its introduction into service, annually
thereafter, and after any repair that
can affect the enclosure background
emissions, the enclosure shall be
checked to determine that it does not
contain materials that will themselves
emit hydrocarbons or methanol. When
methanol as well as hydrocarbons are
present in the evaporative enclosure,
the HFID hydrocarbon concentration
measurement includes the partial re-
sponse of the HFID to methanol plus
the hydrocarbons. Determination of
the HFID response to methanol,
§ 86.121, prior to its being placed in
service is required for the determina-
tion of hydrocarbons. Proceed as fol-
lows:

(1) Prepare the enclosure. (i) Vari-
able-volume enclosures may be oper-
ated in either latched or unlatched vol-
ume configuration, as described in
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paragraph (b)(1) of this section. Ambi-
ent temperatures shall be maintained
at 96±3 °F throughout the 4-hour pe-
riod.

(ii) Fixed-volume enclosures may be
operated with inlet and outlet flow
streams either closed or open; if inlet
and outlet flow streams are open, the
air flowing into and out of the enclo-
sure must be monitored in accordance
with § 86.107–96(a)(1)(ii)(B). Ambient
temperatures shall be maintained at
96±3 °F throughout the 4-hour period.

(iii) For running loss enclosures am-
bient temperatures shall be maintained
at 95±3 °F throughout the 4-hour pe-
riod. For running loss enclosures de-
signed with a vent for makeup air, the
enclosure shall be operated with the
vent closed.

(2) The enclosure may be sealed and
the mixing fan operated for a period of
up to 12 hours before the 4-hour back-
ground sampling period begins.

(3) Zero and span (calibrate if re-
quired) the hydrocarbon analyzer.

(4) Prior to the background deter-
mination, purge the enclosure until a
stable background hydrocarbon reading
is obtained.

(5) Turn on the mixing blower (if not
already on).

(6) Seal enclosure and measure back-
ground hydrocarbon concentration,
background methanol, temperature,
and barometric pressure.

These are the initial readings CHCi,
CCH3OHi, and PBi, Ti for the enclosure
background determination.

(7) Allow the enclosure to stand un-
disturbed for four hours.

(8) Measure the hydrocarbon con-
centration on the same FID and the
methanol level. These are the final
concentrations, CHCf and CCH3OHf. Also
measure final temperature and baro-
metric pressure.

(9) Calculate the mass change of
methanol, hydrocarbons, and hydro-
carbons plus methanol in the enclosure
according to the equations in para-
graph (d) of this section.

(i) Diurnal enclosures. The enclosure
background emissions (hydrocarbons
plus methanol) shall not be greater
than 0.05g for the 4 hours.

(ii) Running loss enclosures. The enclo-
sure background emissions (hydro-

carbons plus methanol) shall not be
greater than 0.2 grams for the 4 hours.

(b) Initial determination of enclosure
internal volume. Prior to its introduc-
tion into service the enclosure internal
volume shall be determined by the fol-
lowing procedure:

(1) Carefully measure the internal
length, width and height of the enclo-
sure, accounting for irregularities
(such as braces) and calculate the in-
ternal volume. For variable-volume en-
closures, latch the enclosure to a fixed
volume when the enclosure is held at a
constant temperature; this nominal
volume shall be repeatable within ±0.5
percent of the reported value.

(2)–(3) [Reserved]
(c) Hydrocarbon and methanol (organic

gas) retention check and calibration. The
hydrocarbon and methanol (if the en-
closure is used for methanol-fueled ve-
hicles) retention check provides a
check upon the calculated volume and
also measures the leak rate. The enclo-
sure leak rate shall be determined
prior to its introduction into service,
following any modifications or repairs
to the enclosure that may affect the in-
tegrity of the enclosure, and at least
monthly thereafter. (The methanol
check can be performed less frequently,
provided it is performed at least twice
annually.) If six consecutive monthly
retention checks are successfully com-
pleted without corrective action, the
enclosure leak rate may be determined
quarterly thereafter as long as no cor-
rective action is required.

(1) An enclosure to be used for the di-
urnal emission test (see § 86.133–96)
shall be calibrated according to the fol-
lowing procedure. Calibration for hy-
drocarbon and methanol may be con-
ducted simultaneously or in sequential
test runs.

(i) Zero and span (calibrate if re-
quired) the hydrocarbon analyzer.

(ii) Purge the enclosure until a stable
background hydrocarbon reading is ob-
tained.

(iii) Turn on the mixing blowers (if
not already on).

(iv) [Reserved]
(v) Turn on the ambient temperature

control system (if not already on) and
adjust it for an initial temperature of

VerDate 25<JUN>98 07:53 Jul 29, 1998 Jkt 179152 PO 00000 Frm 00420 Fmt 8010 Sfmt 8010 Y:\SGML\179152T.XXX pfrm03 PsN: 179152T



425

Environmental Protection Agency § 86.117–96

96 °F (36 °C). On variable-volume enclo-
sures, latch the enclosure to the appro-
priate volume position for the set tem-
perature. On fixed-volume enclosures
close the outlet and inlet flow streams.

(vi) When the enclosure stabilizes at
96±3 °F (36±2 °C), seal the enclosure and
measure background hydrocarbon con-
centration, background methanol, tem-
perature, and barometric pressure.
These are the initial readings CHCi,
CCH3OHi, Ti, and PBi for the enclosure
calibration.

(vii) Inject into the enclosure 2 to 6
grams of pure methanol at a tempera-
ture of at least 150 °F (65 °C) and/or 2 to
6 grams of pure propane. The injected
quantity may be measured by volume
flow or by mass measurement. The
method used to measure the quantity
of methanol and propane shall have an
accuracy of ±0.2 percent of the meas-
ured value (less accurate methods may
be used with the advance approval of
the Administrator).

(viii) After a minimum of 5 minutes
of mixing, analyze the enclosure at-
mosphere for hydrocarbon and meth-
anol content, also record temperature
and pressure. These measurements are
the final readings for the enclosure
calibration as well as the initial read-
ings for the retention check.

(ix) To verify the enclosure calibra-
tion, calculate the mass of propane and
the mass of methanol using the meas-
urements taken in paragraphs (c)(1)(vi)
and (viii) of this section. See paragraph
(d) of this section. This quantity must
be within ±2 percent of that measured
in paragraph (c)(1)(vii) of this section.
(For 1991–1995 calendar years, the dif-
ference may exceed ±2 percent for
methanol, provided it does not exceed
±6 percent.)

(x) For variable-volume enclosures,
unlatch the enclosure from the nomi-
nal volume configuration. For fixed-

volume enclosures, open the outlet and
inlet flow streams.

(xi) Start cycling the ambient tem-
perature from 96 °F to 72 °F and back
to 96 °F over a 24-hour period, accord-
ing to the profile specified in § 86.133–96
and appendix II of this part, within 15
minutes of sealing the enclosure.

(xii) At the completion of the 24-hour
cycling period, analyze the enclosure
atmosphere for hydrocarbon and meth-
anol content; determine the net with-
drawn methanol (in the case of diurnal
emission testing with fixed volume en-
closures); record temperature and baro-
metric pressure. These are the final
readings for the hydrocarbon and
methanol retention check. The final
hydrocarbon and methanol mass, cal-
culated in paragraph (d) of this section,
shall be within three percent of that
determined in paragraph (c)(1)(viii) of
this section. (For 1991–1995 calendar
years, the difference may exceed ±3 per-
cent for methanol, provided it does not
exceed ±6 percent.)

(2) An enclosure to be used for the
running loss test (see § 86.134–96) shall
meet the calibration and retention re-
quirements of § 86.117–90(c).

(3) Enclosures calibrated according to
the procedures specified in either para-
graph (c)(1) or (c)(2) of this section may
be used for hot soak testing (see
§ 86.138).

(d) Calculations. (1) The calculation of
net methanol and hydrocarbon mass
change is used to determine enclosure
background and leak rate. It is also
used to check the enclosure volume
measurements. The methanol mass
change is calculated from the initial
and final methanol samples, the net
withdrawn methanol (in the case of di-
urnal emission testing with fixed-vol-
ume enclosures), and initial and final
temperature and pressure according to
the following equation:

M V
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Where:
(i) MCH3OH=Methanol mass change, µ g.

(ii) V=Enclosure volume, ft3, as meas-
ured in paragraph (b)(1) of this sec-
tion.
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(iii) [Reserved].
(iv) [Reserved].
(v) VE=Volume of sample withdrawn,

ft3. Sample volumes must be cor-
rected for differences in tempera-
ture to be consistent with deter-
mination of Vn, prior to being used
in the equation.

(vi) PB=Barometric pressure at time of
sampling, in. Hg.

(vii) CMS=GC concentration of test sam-
ple.

(viii) AV=Volume of absorbing reagent
in impinger (ml).

(ix) i=Initial sample.
(x) f=Final sample.
(xii) 1=First impinger.
(xiii) 2=Second impinger.

(xiv) MCH3OH,out=mass of methanol
exiting the enclosure, in the case of
fixed volume enclosures for diurnal
emission testing, µ g.

(xv) MCH3OH,in=mass of methanol
exiting the enclosure, in the case of
fixed volume enclosures for diurnal
emission testing, µ g.

(2) The hydrocarbon mass change is
calculated from the initial and final
FID readings of hydrocarbon con-
centration, methanol concentration
with FID response to methanol, the net
withdrawn hydrocarbon and methanol
(in the case of diurnal emission testing
with fixed-volume enclosures), and ini-
tial and final temperature and pressure
according to the following equation:

M kV
C rC

T

C rC P

T
M MHC n

HC CH OH

f

HC CH OH B

i
HC out HC in

f f i i i= ×( ) ×
−( )

−
−( )









+ −−10 4 3 3
, ,

Where,
(i) MHC=Hydrocarbon mass change, g.
(ii) CHC=FID hydrocarbon concentra-

tion as ppm carbon, that is, ppm pro-

pane × 3, including FID response to
methanol in the sample.

(iii) CCH3OH=Methanol concentration
as ppm carbon

=
× ×

×
×( ) + ×( )[ ]

−1 501 10 3

1 1 2 2
. T

P V
C AV C AVE

B E
S

(iv) V=Enclosure volume ft3 (m3), as
measured in paragraph (b)(1) of this
section.

(v) r=FID response factor to meth-
anol.

(vi) PB=Barometric pressure, in. Hg.
(kPa).

(vii) T=Enclosure ambient tempera-
ture, R(K).

(viii) i=Indicates initial reading.
(ix) f=Indicates final reading.
(x)(A) k=3.05.
(B) For SI units, k=17.60.

(xi) MHC,out=mass of hydrocarbon
exiting the enclosure, in the case of
fixed-volume enclosures for diurnal
emission testing, g.

(xii) MHC,in=mass of hydrocarbon en-
tering the enclosure, in the case of
fixed-volume enclosures for diurnal
emission testing, g.

(3) For variable-volume enclosures,
defined in § 86.107(a)(1)(i), the following
simplified form of the hydrocarbon
mass change equation may be used:

M
kP V

T
C rC C rCHC

B n
HC CH OH HC CH OHf f i i

=
×





× −( ) − −( )[ ]

−10 4

3 3
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(e) Calibration of equipment for point-
source testing of running losses. For the
point-source method, the running loss
fuel vapor sampling system shall be
calibrated as a CVS system, as speci-
fied in § 86.119, with the additional spec-
ification that the vapor sampling sys-
tem verification be conducted as fol-
lows:

(1) The following ‘‘gravimetric’’ tech-
nique can be used to verify that the
vapor sampling system and analytical
instruments can accurately measure a
mass of gas that has been injected into
the system. If the vapor sampling sys-
tem will be used only in the testing of
petroleum-fueled engines, the system
verification may be performed using
propane. If the vapor sampling system
will be used with methanol-fueled vehi-
cles as well as petroleum-fueled vehi-
cles, the system verification perform-
ance check must include a methanol
check in addition to the propane check.
(Verification can also be accomplished
by constant flow metering using criti-
cal flow orifice devices.)

(i) Obtain a small cylinder that has
been charged with pure propane gas.
Obtain another small cylinder that has
been charged with pure methanol if the
system will be used for methanol-
fueled vehicle testing. Since this cyl-
inder will be heated to 150–155 °F, care
must be taken to ensure that the liquid
volume of methanol placed in the cyl-
inder does not exceed approximately
one-half of the total volume of the cyl-
inder.

(ii) Determine a reference cylinder
weight to the nearest 0.01 grams.

(iii) Operate the vapor sampling sys-
tem in the normal manner and release
a known quantity of pure propane into
the most frequently used fuel vapor
collector during the sampling period
(approximately 5 minutes).

(iv) Continue to operate the vapor
sampling system in the normal manner
and release a known quantity of pure
methanol into the system during the
sampling period (approximately 5 min-
utes).

(v) The calculations of § 86.144 are
performed in the normal way, except in
the case of propane. The density of pro-
pane (17.30 g/ft3/carbon atom (0.6109 kg/
m3/carbon atom)) is used in place of the
density of exhaust hydrocarbons. In

the case of methanol, the density of
37.71 g/ft3 (1.332 kg/m3) is used.

(vi) The gravimetric mass is sub-
tracted from the vapor sampling sys-
tem measured mass and then divided
by the gravimetric mass to determine
the percent accuracy of the system.

(vii) The cause for any discrepancy
greater than ±2 percent must be found
and corrected.

(2) This procedure shall be conducted
in the point-source running loss test
environment with the collector in-
stalled in a vehicle in the normal test
configuration. The fuel of the test vehi-
cle shall either be diesel, or it shall be
kept under 100 °F (38 °C). Two to six
grams of pure propane and two to six
grams of pure methanol shall be in-
jected into the collector while the ve-
hicle is operated over one Urban Dyna-
mometer Driving Schedule (UDDS), as
described in § 86.115 and appendix I of
this part. The propane and methanol
injections shall be conducted at the
ambient temperature of 95±5 °F (35±3
°C).

[58 FR 16030, Mar. 24, 1993, as amended at 60
FR 34343, June 30, 1995; 60 FR 43890, Aug. 23,
1995]

§ 86.118–00 Dynamometer calibrations.
(a) The dynamometer shall be cali-

brated at least once each month or per-
formance verified at least once each
week and then calibrated as required.

(b) For large single roll electric
dynamometers or equivalent dyna-
mometer configurations, the dyna-
mometer adjustment settings for each
vehicle’s emission test sequence shall
be verified by comparing the force im-
posed during dynamometer operation
with actual road load force.

[61 FR 54891, Oct. 22, 1996]

§ 86.118–78 Dynamometer calibration.
(a) The dynamometer shall be cali-

brated at least once each month or per-
formance verified at least once each
week and then calibrated as required.
The calibration shall consist of the
manufacturer’s recommended calibra-
tion procedure plus a determination of
the dynamometer frictional power ab-
sorption at 50.0 mph (80.5 km/h). One
method for determining dynamometer
frictional power absorption at 50.0 mph
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(80.5 km/h) is described below, other
methods may be used if shown to yield
equivalent results. The measured ab-
sorbed road power includes the dyna-
mometer friction as well as the power
absorbed by the power absorption unit.
The dynamometer is driven above the
test speed range. The device used to
drive the dynamometer is then dis-
engaged from the dynamometer and
the roll(s) is (are) allowed to coast
down. The kinetic energy of the system
is dissipated by the dynamometer. This
method neglects the variations in roll
bearing friction due to the drive axle
weight of the vehicle. The inertia of
the free (rear) roll may be neglected in
the case of dynamometers with paired
rolls.

(1) Devise a method to determine the
speed of the drive roll if it is not al-
ready measured. A fifth wheel, revolu-
tion pickup, or other suitable means
may be used.

(2) Place a vehicle on the dynamom-
eter or devise another method of driv-
ing the dynamometer.

(3) Engage the inertial flywheel or
other inertial simulation system for
the most common vehicle mass cat-
egory for which the dynamometer is
used. In addition other vehicle mass
categories may be calibrated, if de-
sired.

(4) Drive the dynamometer up to 50.0
mph (80.5 km/h).

(5) Record indicated road power.
(6) Drive the dynamometer up to 60.0

mph (96.9 km/h).
(7) Disengage the device used to drive

the dynamometer.
(8) Record the time for the dynamom-

eter drive roll to coastdown from 55.0
mph (88.5 km/h) to 45 mph (72.4 km/h).

(9) Adjust the power absorption unit
to a different level.

(10) Repeat steps (4) to (9) above suffi-
cient times to cover the range of road
power used.

(11) Calculate absorbed road power
(HPd). See paragraph (c) of this section.

(12) Plot indicated road load power at
50 mph (80.5 km/h) versus road load
power at 50 mph (80.5 km/h) as shown in
Figure B78–5.

VerDate 25<JUN>98 07:53 Jul 29, 1998 Jkt 179152 PO 00000 Frm 00424 Fmt 8010 Sfmt 8010 Y:\SGML\179152T.XXX pfrm03 PsN: 179152T



429

Environmental Protection Agency § 86.119–90

(b) The performance check consists
of conducting a dynamometer
coastdown at one or more inertia-
horsepower settings and comparing the
coastdown time to that recorded dur-
ing the last calibration. If the
coastdown times differ by more than 1
s, a new calibration is required.

(c) Calculations. The road load power
actually absorbed by the dynamometer
is calculated from the following equa-
tion:

HPd = (1/2) (W/32.2) (V21 ¥ V22)/(550t)

where:
HPd = Power, horsepower (kilowatts)
W = Equivalent inertia, 1b (kg)
V1 = Initial Velocity, ft/s (m/s) (55 mph = 88.5

km/h = 80.67 ft/s = 24.58 m/s)
V2 = Final Velocity, ft/s (m/s) (45 mph = 72.4

km/h = 66 ft/s = 20.11 m/s)
t = elapsed time for rolls to coast from 55

mph to 45 mph (88.5 to 72.4 km/h)

(Expressions in parentheses are for SI
units.) When the coastdown is from 55
to 45 mph (88.5 to 72.4 km/h) the above
equation reduces to:

HPd = 0.06073 (W/t)

for SI units,

HPd = 0.09984 (W/t)

[42 FR 32954, June 28, 1977, as amended at 53
FR 475, Jan. 7, 1988]

§ 86.119–90 CVS calibration.
The CVS is calibrated using an accu-

rate flowmeter and restrictor valve.
Measurements of various parameters
are made and related to flow through
the unit. Procedures used by EPA for
both PDP and CFV are outlined below.
Other procedures yielding equivalent
results may be used if approved in ad-
vance by the Administrator. After the
calibration curve has been obtained,
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verification of the entire system can be
performed by injecting a known mass
of gas into the system and comparing
the mass indicated by the system to
the true mass injected. An indicated
error does not necessarily mean that
the calibration is wrong, since other
factors can influence the accuracy of
the system, e.g., analyzer calibration.
A verification procedure is found in
paragraph (c) of this section.

(a) PDP calibrations. (1) The following
calibration procedure outlines the
equipment, the test configuration, and
the various parameters which must be
measured to establish the flow rate of
the CVS pump. All the parameters re-
lated to the pump are simultaneously
measured with the parameters related
to a flowmeter which is connected in
series with the pump. The calculated
flow rate ft3/min (at pump inlet abso-
lute pressure and temperature) can
then be plotted versus a correlation
function which is the value on a spe-
cific combination of pump parameters.
The linear equation which relates the
pump flow and the correlation function
is then determined. In the event that a
CVS has a multiple speed drive, a cali-
bration for each range used must be
performed.

(2) This calibration procedure is
based on the measurement of the abso-
lute values of the pump and flowmeter
parameters that relate the flow rate at
each point. Three conditions must be

maintained to assure the accuracy and
integrity of the calibration curve.
First, the pump pressures should be
measured at taps on the pump rather
than at the external piping on the
pump inlet and outlet. Pressure taps
that are mounted at the top center and
bottom center of the pump drive
headplate are exposed to the actual
pump cavity pressures, and therefore
reflect the absolute pressure differen-
tials. Secondly, temperature stability
must be maintained during the calibra-
tion. The laminar flowmeter is sen-
sitive to inlet temperature oscillations
which cause the data points to be scat-
tered. Gradual changes (±2 °F (1.1 °C))
in temperature are acceptable as long
as they occur over a period of several
minutes. Finally, all connections be-
tween the flowmeter and the CVS
pump must be absolutely void of any
leakage.

(3) During an exhaust emission test
the measurement of these same pump
parameters enables the user to cal-
culate the flow rate from the calibra-
tion equation.

(4) Connect a system as shown in Fig-
ure B90–8. Although particular types of
equipment are shown, other configura-
tions that yield equivalent results may
be used if approved in advance by the
Administrator. For the system indi-
cated, the following data with given ac-
curacy are required:

CALIBRATION DATA MEASUREMENTS

Parameter Symbol Units Tolerances

Barometric pressure (corrected) ....................................................... PB in. Hg (kPa) ±0.01 in. Hg (±0.034 kPa)
Ambient temperature ......................................................................... TA °F(°C) ±0.5 °F (±0.28 °C)
Air temperature into LFE ................................................................... ETI °F(°C) ±0.25 °F (±0.14 °C)
Pressure depression upstream of LFE ............................................. EPI in. H2O (kPa) ±0.05 in. H20 (±0.012 kPa)
Pressure drop across the LFE matrix ............................................... EDP in. H2O (kPa) ±0.005 in. H2O (±0.001 kPa)
Air temperature at CVS pump inlet ................................................... PTI °F(°C) ±0.5 °F (±0.3 °C)
Pressure depression at CVS pump inlet ........................................... PPI in. fluid (kPa) ±0.05 in. fluid (±0.022 kPa)
Specific gravity of manometer fluid (1.75 oil) ................................... Sp. Gr.
Pressure head at CVS pump outlet .................................................. PPO in. fluid (kPa) ±0.05 in. fluid (±0.022 kPa)
Air temperature at CVS pump outlet (optional) ................................ PTO °F(°C) ±0.5 °F (±0.28 °C)
Pump revolutions during test period ................................................. N Revs ±1 Rev.
Elapsed time for test period .............................................................. t sec ±0.05 sec.
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(5) After the system has been con-
nected as shown in Figure B90–8, set
the variable restrictor in the wide open
position and run the CVS pump for 20
minutes. Record the calibration data.

(6) Reset the restrictor valve to a
more restricted condition in an incre-
ment of pump inlet depression (about 4
in. H2O (1.0 kPa) that will yield a mini-
mum of six data points for the total
calibration. Allow the system to sta-

bilize for 3 minutes and repeat the data
acquisition.

(7) Data analysis:
(i) The air flow rate, Qs, at each test

point is calculated in standard cubic
feet per minute from the flowmeter
data using the manufacturer’s pre-
scribed method.

(ii) The air flow rate is then con-
verted to pump flow, Vo, in cubic feet
per revolution at absolute pump inlet
temperature and pressure:
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Vo = (Qs/n) × (Tp/528) × (29.92/Pp)
Where:
(A) Vo = Pump flow ft3/rev (m3/rev) at

Tp, Pp.
(B) Qs = Meter air flow rate in standard

cubic feet per minute, standard
conditions are 68 °F, 29.92 in. Hg (20
°C, 101.3 kPa).

(C) n = Pump speed in revolutions per
minute.

(D)(1) Tp = Pump inlet temperature,
°R(°K) = PTI + 460.

(2) For SI units, Tp = PTI + 273.
(E)(l) Pp = Absolute pump inlet pres-

sure, in. Hg. (kPa) = PB ¥ PPI
(SP.GR./13.57).

(2) For SI units, Pp = PB ¥ PPI.
Where:
(F) PB = barometric pressure, in. Hg.

(kPa).
(G) PPI = Pump inlet depression, in.

fluid (kPa).
(H) SP.GR. = Specific gravity of ma-

nometer fluid relative to water.
(iii) The correlation function at each

test point is then calculated from the
calibration data:

X
n

P

Po
e

= 1 ∆

Where:
(A) Xo = correlation function.
(B) ∆ Pp = the pressure differential from

pump inlet to pump outlet, in. Hg
(kPa) = Pe ¥ Pp.

(C)(1) Pe = Absolute pump outlet pres-
sure, in Hg, (kPa) = PB + PPO
(SP.GR./13.57).

(2) For SI units, Pe = PB + PPO.
Where:
(D) PPO = Pressure head at pump out-

let, in. fluid (kPa).
(iv) A linear least squares fit is per-

formed to generate the calibration
equations which have the forms:

Vo = Do ¥ M(Xo)
n = A ¥ B(∆ Pp)

Do, M, A, and B are the slope-intercept
constants describing lines.

(8) A CVS system that has multiple
speeds should be calibrated on each
speed used. The calibration curves gen-
erated for the ranges will be approxi-
mately parallel and the intercept val-
ues, Do, will increase as the pump flow
range decreases.

(9) If the calibration has been per-
formed carefully, the calculated values
from the equation will be within ±0.50
percent of the measured value of Vo.
Values of M will vary from one pump
to another, but values of Do for pumps
of the same make, model, and range
should agree within ±3 percent of each
other. Particulate influx from use will
cause the pump slip to decrease as re-
flected by lower values for M. Calibra-
tions should be performed at pump
start-up and after major maintenance
to assure the stability of the pump slip
rate. Analysis of mass injection data
will also reflect pump slip stability.

(b) CFV calibration. (1) Calibration of
the CFV is based upon the flow equa-
tion for a critical venturi. Gas flow is
a function of inlet pressure and tem-
perature:

Q
K P

T
s

v=

Where:

(i) Qs=Flow.
(ii) Kv=Calibration coefficient.
(iii) P=Absolute pressure.
(iv) T=Absolute temperature.

The calibration procedure described
below establishes the value of the cali-
bration coefficient at measured values
of pressure, temperature and air flow.

(2) The manufacturer’s recommended
procedure shall be followed for cali-
brating electronic portions of the CFV.

(3) Measurements necessary for flow
calibration are as follows:
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(4) Set up equipment as shown in Fig-
ure B90–9 and check for leaks. Any
leaks between the flow measuring de-

vice and the critical flow venturi will
seriously affect the accuracy of the
calibration.

(5) Set the variable flow restrictor to
the open position, start the blower, and
allow the system to stabilize. Record
data from all instruments.

(6) Vary the flow restrictor and make
at least 8 readings across the critical
flow range of the venturi.

(7) Data analysis: The data recorded
during the calibration are to be used in
the following calculations:
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(i) The air flow rate, Qs, at each test
point is calculated in standard cubic
feet per minute from the flow meter
data using the manufacturer’s pre-
scribed method.

(ii) Calculate values of the calibra-
tion coefficient for each test point:

K
Q T

P
v

s v

v

=

Where:
(A) Qs = Flow rate in standard cubic

feet per minute, standard condi-
tions are 68 °F 29.92 in. Hg (20 °C,
101.3 kPa).

(B) Tv = Temperature at venturi inlet,
°R(°K).

(C)(1) Pv = Pressure at venturi inlet,
mm Hg (kPa) = PB ¥ PPI (SP.GR./
13.57).

(2) For SI units, Pv = PB ¥ PPI.
Where:
(D) PPI = Venturi inlet pressure de-

pression, in. fluid (kPa).
(E) SP.GR. = Specific gravity of ma-

nometer fluid, relative to water.
(iii) Plot Kv as a function of venturi

inlet pressure. For sonic flow Kv will
have a relatively constant value. As
pressure decreases (vacuum increases),
the venturi becomes unchoked and Kv

decreases. See Figure B90–10.
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(iv) For a minimum of 8 points in the
critical region calculate an average Kv

and the standard deviation.
(v) If the standard deviation exceeds

0.3 percent of the average Kv take cor-
rective action.

(c) CVS System Verification. The fol-
lowing ‘‘gravimetric’’ technique can be
used to verify that the CVS and analyt-
ical instruments can accurately meas-

ure a mass of gas that has been in-
jected into the system. If the CVS and
analytical system will be used only in
the testing of petroleum-fueled en-
gines, the system verification may be
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performed using either propane or car-
bon monoxide. If the CVS and analyt-
ical system will be used with meth-
anol-fueled vehicles as well as petro-
leum-fueled vehicles, system verifica-
tion performance check must include a
methanol check in addition to either
the propane or carbon monoxide check.
(Verification can also be accomplished
by constant flow metering using criti-
cal flow orifice devices.)

(1) Obtain a small cylinder that has
been charged with pure propane or car-
bon monoxide gas (CAUTION—carbon
monoxide is poisonous).

(2) Determine a reference cylinder
weight to the nearest 0.01 grams.

(3) Operate the CVS in the normal
manner and release a quantity of pure
propane or carbon monoxide into the
system during the sampling period (ap-
proximately 5 minutes).

(4) Following completion of step (3)
in this paragraph (c) (if methanol in-
jection is required), continue to oper-
ate the CVS in the normal manner and
release a known quantity of pure meth-
anol (in gaseous form) into the system
during the sampling period (approxi-
mately five minutes). This step does
not need to be performed with each
verification, provided that it is per-
formed at least twice annually.

(5) The calculations of § 86.144 are per-
formed in the normal way, except in
the case of propane. The density of pro-
pane (17.30 g/ft3/carbon atom (0.6109 kg/
m3/carbon atom)) is used in place of the
density of exhaust hydrocarbons. In
the case of carbon monoxide, the den-
sity of 32.97 g/ft3 (1.164 kg/m3) is used.
In the case of methanol, the density of
37.71 g/ft3 (1.332 kg/m3) is used.

(6) The gravimetric mass is sub-
tracted from the CVS measured mass
and then divided by the gravimetric
mass to determine the percent accu-
racy of the system.

(7) The cause for any discrepancy
greater than ±2 percent must be found
and corrected. (For 1991–1995 calendar
years, discrepancies greater than ±2
percent are allowed for the methanol
test, provided that they do not exceed
±8 percent for 1991 testing or ±6 percent
for 1992–1995 testing.)

[54 FR 14518, Apr. 11, 1989, as amended at 60
FR 34344, June 30, 1995; 62 FR 47121, Sept. 5,
1997; 63 FR 24448, May 4, 1998]

§ 86.120–82 Gas meter or flow instru-
mentation calibration, particulate
measurement.

Sampling for particulate emissions
requires the use of gas meters or flow
instrumentation to measure flow
through the particulate filters. The
meters or instrumentation shall re-
ceive initial and periodic calibrations
as follows:

(a) Install a standard air flow meas-
urement device upstream of the gas
meter or instrument being calibrated.
This standard device shall measure air
flow at standard conditions with an ac-
curacy of ±1 percent. Standard condi-
tions are defined as 68 °F (20 °C) and
29.92 in. Hg (101.3 kPa). A critical flow
orifice, a bellmouth, or a laminar flow
element is recommended as the stand-
ard device.

(b) Flow air through the calibration
system at the sample flow rate used for
particulate testing and at the
backpressure which occurs during the
sample test.

(c) When the temperature and pres-
sure in the system have stabilized,
measure the gas meter or instrument
indicated volume over a time period of
at least 5 minutes and until a flow vol-
ume of at least ±1 percent accuracy can
be determined by the standard device.
Record the stabilized air temperature
and pressure upstream of the gas meter
or instrument being calibrated and as
required for the standard device.

(d) Calculate air flow at standard
conditions as measured by both the
standard device and the gas meter or
instrument being calibrated.

(e) Repeat the procedures of para-
graphs (b) through (d) of this section
using flow rates which are 10 percent
above the nominal sampling flow rate
and 10 percent below the nominal sam-
pling flow rate.

(f) If the air flow at standard condi-
tions measured by the gas meter or in-
strument being calibrated differs by
more than ±1 percent from the stand-
ard measurement at any of the three
measured flow rates, then a correction
shall be made by either of the following
two methods:

(1) Mechanically adjust the gas meter
or instrument so that it agrees within
1 percent of the standard measurement
at the three specified flow rates, or
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(2) Develop a continuous best fit cali-
bration curve for the gas meter (as a
function of the standard device flow
measurement) from the three calibra-
tion points that represents the data to
within 1 percent at all points to deter-
mine corrected flow.

(g) Other systems. A bell prover may
be used to calibrate the gas meter if
the procedure outlined in ANSI B109.1–
1973 is used. Prior approval by the Ad-
ministrator is not required to use the
bell prover.

[45 FR 14515, Mar. 5, 1980]

§ 86.120–94 Gas meter or flow instru-
mentation calibration; particulate,
methanol and formaldehyde meas-
urement.

(a) Sampling for particulate, meth-
anol and formaldehyde emissions re-
quires the use of gas meters or flow in-
strumentation to determine flow
through the particulate filters, meth-
anol impingers and formaldehyde
impingers. These instruments shall re-
ceive initial and periodic calibrations
as follows:

(1)(i) Install a calibration device in
series with the instrument. A critical
flow orifice, a bellmouth nozzle, a lam-
inar flow element or an NBS traceable
flow calibration device is required as
the standard device.

(ii) The flow system should be
checked for leaks between the calibra-
tion and sampling meters, including
any pumps that may be part of the sys-
tem, using good engineering practice.

(2) Flow air through the calibration
system at the sample flow rate used for
particulate, methanol, and formalde-
hyde testing and at the backpressure
which occurs during the test.

(3) When the temperature and pres-
sure in the system have stabilized,
measure the indicated gas volume over
a time period of at least five minutes
or until a gas volume of at least ±1 per-
cent accuracy can be determined by
the standard device. Record the sta-
bilized air temperature and pressure
upstream of the instrument and as re-
quired for the standard device.

(4) Calculate air flow at standard
conditions as measured by both the
standard device and the instrument(s).
(Standard conditions are defined as 68
°F (20 °C) and 29.92 in Hg (101.3 kPa).)

(5) Repeat the procedures of para-
graphs (a)(2) through (4) of this section
using at least two flow rates which
bracket the typical operating range.

(6) If the air flow at standard condi-
tions measured by the instrument dif-
fers by ±1.0 percent of the maximum
operating range or ±2.0 percent of the
point (whichever is smaller), then a
correction shall be made by either of
the following two methods:

(i) Mechanically adjust the instru-
ment so that it agrees with the calibra-
tion measurement at the specified flow
rates using the criteria of paragraph
(a)(6) of this section; or

(ii) Develop a continuous best fit
calibration curve for the instrument
(as a function of the calibration device
flow measurement) from the calibra-
tion points to determine corrected
flow. The points on the calibration
curve relative to the calibration device
measurements must be within ±1.0 per-
cent of the maximum operating range
of ±2.0 percent of the point (whichever
is smaller).

(b) Other systems. A bell prover may
be used to calibrate the instrument if
the procedure outlined in ANSI B109.1–
1973 is used. Prior approval by the Ad-
ministrator is not required to use the
bell prover.

[60 FR 34344, June 30, 1995]

§ 86.121–82 Hydrocarbon analyzer cali-
bration.

The hydrocarbon analyzers shall re-
ceive the following initial and periodic
calibration. The HFID shall be oper-
ated at a temperature of 375±10 °F
(191±6 °C).

(a) Initial and periodic optimization of
FID and HFID response. Prior to its in-
troduction into service and at least an-
nually thereafter, the FID and HFID
hydrocarbon analyzers shall be ad-
justed for optimum hydrocarbon re-
sponse. Alternate methods yielding
equivalent results may be used, if ap-
proved in advance by the Adminis-
trator.

(1) Follow the manufacturer’s in-
structions or good engineering practice
for instrument startup and basic oper-
ating adjustment using the appropriate
fuel and zero-grade air.
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(2) Optimize on the most common op-
erating range. Introduce into the ana-
lyzer a propane in air mixture with a
propane concentration equal to ap-
proximately 90 percent of the most
common operating range.

(3) One of the following is required
for FID or HFID optimization:

(i) For all FIDs and HFIDs, the proce-
dures specified by the applicable FID
or HFID manufacturer.

(ii) For Beckman 400 FIDs only, im-
plementation of the recommendations
outlined in Society of Automotive En-
gineers (SAE) paper No. 770141, ‘‘Opti-
mization of Flame Ionization Detector
for Determination of Hydrocarbons in
Diluted Automobile Exhaust;’’ author,
Glenn D. Reschke.

(iii) For HFIDs only, the following
peaking procedure. (A) With the fuel
and air flow rates set at the manufac-
turer’s recommendations, determine
the analyzer response 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 the fuel flow will be simi-
lar to the one shown in Fig. B87–11. Ad-
just the fuel-flow rate to the highest
setting that produces the maximum
analyzer response.

(B) To determine the optimum air
flow, use the fuel flow setting deter-
mined in paragraph (a)(3)(iii)(A) of this
section and vary air flow.

(iv) Alternative procedures may be
used if approved in advance by the Ad-
ministrator.

(4) After the optimum flow rates have
been determined, record them for fu-
ture reference.

(b) Initial and periodic calibration.
Prior to its introduction into service
and monthly thereafter the FID or
HFID hydrocarbon analyzers shall be
calibrated on all normally used instru-
ment ranges. Use the same flow rate as
when analyzing samples.

(1) Adjust analyzer to optimize per-
formance.

(2) Zero the hydrocarbon analyzer
with zero-grade air.

(3) Calibrate on each normally used
operating range with propane in air
calibration gases having nominal con-
centrations of 15, 30, 45, 60, 75, and 90
percent of that range. For each range
calibrated, if the deviation from a least
squares best-fit straight line is 2 per-
cent or less of the value at each data
point, concentration values may be cal-
culated by use of a single calibration
factor for that range. If the deviation
exceeds 2 percent at any point, the
best-fit non-linear equation which rep-
resents the data to within 2 percent of
each test point shall be used to deter-
mine concentration.

[45 FR 14516, Mar. 5, 1980, as amended at 54
FR 2122, Jan. 19, 1989]

§ 86.121–90 Hydrocarbon analyzer cali-
bration.

The hydrocarbon analyzers shall re-
ceive the following initial and periodic
calibration. The HFID used with petro-
leum-fueled diesel vehicles shall be op-
erated at a temperature of 375 °F±10 °F
(191 °±6 °C). The HFID used with meth-
anol-fueled vehicles shall be operated
at 235 °±15 °F (113±8 °C).

(a) Initial and periodic optimization of
detector response. Prior to its introduc-
tion into service and at least annually
thereafter, the FID and HFID hydro-
carbon analyzers shall be adjusted for
optimum hydrocarbon response. Alter-
nate methods yielding equivalent re-
sults may be used, if approved in ad-
vance by the Administrator.

(1) Follow the manufacturer’s in-
structions or good engineering practice
for instrument startup and basic oper-
ating adjustment using the appropriate
FID fuel and zero-grade air.
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(2) Optimize on the most common op-
erating range. Introduce into the ana-
lyzer a propane (methane as appro-
priate) in air mixture (methanol in air
mixture for methanol-fueled vehicles
when optional methanol calibrated
HFID procedure is used during the 1994
model year) with a propane (or meth-
ane or methanol as appropriate) con-
centration equal to approximately 90
percent of the most common operating
range.

(3) One of the following is required
for FID or HFID optimization:

(i) For all FIDs and HFIDs, the proce-
dures specified by the applicable FID
or HFID manufacturer.

(ii) For Beckman 400 FIDs only, im-
plementation of the recommendations
outlined in Society of Automotive En-
gineers (SAE) paper No. 770141, ‘‘Opti-
mization of Flame Ionization Detector
for Determination of Hydrocarbons in
Diluted Automobile Exhaust’’; author,
Glenn D. Reschke.

(iii) For HFIDs only, the following
peaking procedure. (A) With the fuel
and air flow rates set in the manufac-
turer’s recommendations, determine
the analyzer response 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 the fuel flow will be simi-
lar to the one shown in Fig. B87–11. Ad-
just the fuel-flow rate to the highest
setting that produces the maximum
analyzer response.

(B) To determine the optimum air
flow, use the fuel flow setting deter-
mined in paragraph (a)(3)(iii)(A) of this
section and vary air flow.

(iv) Alternative procedures may be
used if approved in advance by the Ad-
ministrator.

(4) To determine the optimum air
flow, use the FID fuel flow setting de-
termined above and vary air flow.

(5) After the optimum flow rates have
been determined, record them for fu-
ture reference.

(b) Initial and periodic calibration.
Prior to its introduction into service
and monthly thereafter the FID or
HFID hydrocarbon analyzers shall be
calibrated on all normally used instru-
ment ranges, and, if testing methanol
vehicles under the procedure described
in § 86.107–90(a)(2)(ii) or § 86.110–90(a)(4),
the methanol response factor shall be
determined (paragraph (c) of this sec-
tion). Use the same flow rate as when
analyzing sample.

(1) Adjust analyzer to optimize per-
formance.

(2) Zero the hydrocarbon analyzer
with zero-grade air.

(3) Calibrate on each normally used
operating range with propane in air
calibration gases (either methanol or
methane in air as appropriate) having
nominal concentrations of 15, 30, 45, 60,
75 and 90 percent of that range. For
each range calibrated, if the deviation
from a least squares best-fit straight
line is two percent or less of the value
at each data point, concentration val-
ues may be calculated by use of a sin-
gle calibration factor for that range. If
the deviation exceeds two percent at
any point, the best-fit non-linear equa-
tion which represents the data to with-
in two percent of each test point shall
be used to determine concentration.

(c) FID response factor to methanol.
When the FID analyzer is to be used for
the analysis of hydrocarbon samples
containing methanol, the methanol re-
sponse factor of the analyzer shall be
established. The methanol response
factor shall be determined at several
concentrations in the range of con-
centrations in the exhaust sample,
using either bag samples or gas bottles
meeting the requirements of § 86.114.

(1) The bag sample of methanol for
analysis in the FID, if used, shall be
prepared using the apparatus shown in
Figure B90–11. A known volume of
methanol is injected, using a
microliter syringe, into the heated
mixing zone (250 °F (121 °C)) of the ap-
paratus. The methanol is vaporized and
swept into the sample bag with a
known volume of zero grade air meas-
ured by a gas flow meter meeting the
performance requirements of § 86.120.
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(2) The bag sample is analyzed using
the FID.

(3) The FID response factor, r, is cal-
culated as follows:

r = FIDppm/SAMppm

Where:
(i) r = FID response factor.
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(ii) FIDppm = FID reading in ppmC.
(iii) SAMppm=methanol concentration

in the sample bag, or gas bottle, in
ppmC. SAMppm for sample bags

=
× ×

×

0 02406. Fuel injected Fuel density

Air volume Mol.  Wt.  CH3OH

Where:
(iv) 0.02406 = Volume of one mole at

29.92 in. Hg and 68 °F, m3.
(v) Fuel injected = Volume of methanol

injected, ml.
(vi) Fuel density = Density of meth-

anol, 0.7914 g/ml.
(vii) Air volume = Volume of zero grade

air, m3.
(viii) Mol. Wt. CH3OH = 32.04.

(d) FID response factor to methane.
When the FID analyzer is to be used for
the analysis of natural gas-fueled vehi-
cle hydrocarbon samples, the methane
response factor of the analyzer shall be
established. To determine the total hy-
drocarbon FID response to methane,
known methane in air concentrations
traceable to the National Institute of
Standards and Technology (NIST) shall
be analyzed by the FID. Several meth-
ane concentrations shall be analyzed
by the FID in the range of concentra-
tions in the exhaust sample. The total
hydrocarbon FID response to methane
is calculated as follows:
rCH4=FIDppm/SAMppm
Where:
(1) rCH4=FID response factor to meth-

ane.
(2) FIDppm=FID reading in ppmC.
(3) SAMppm=the known methane con-

centration in ppmC.

[54 FR 14525, Apr. 11, 1989, as amended at 59
FR 48508, Sept. 21, 1994; 60 FR 34345, June 30,
1995]

§ 86.122–78 Carbon monoxide analyzer
calibration.

The NDIR carbon monoxide analyzer
shall receive the following initial and
periodic calibrations:

(a) Initial and periodic interference
check. Prior to its introduction into
service and annually thereafter the
NDIR carbon monoxide analyzer shall
be checked for response to water vapor
and CO2:

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

operation. Adjust the analyzer to opti-
mize performance on the most sen-
sitive range to be used.

(2) Zero the carbon monoxide ana-
lyzer with either zero-grade air or zero-
grade nitrogen.

(3) Bubble a mixture of 3 percent CO2

in N2 through water at room tempera-
ture and record analyzer response.

(4) An analyzer response of more than
1 percent of full scale for ranges above
300 ppm full scale or of more than 3
ppm on ranges below 300 ppm full scale
will require corrective action. (Use of
conditioning columns is one form of
corrective action which may be taken.)

(b) Initial and periodic calibration.
Prior to its introduction into service
and monthly thereafter the NDIR car-
bon monoxide analyzer shall be cali-
brated.

(1) Adjust the analyzer to optimize
performance.

(2) Zero the carbon monoxide ana-
lyzer with either zero-grade air or zero-
grade nitrogen.

(3) Calibrate on each normally used
operating range with carbon monoxide
in N2 calibration gases having nominal
concentrations of 15, 30, 45, 60, 75, and
90 percent of that range. Additional
calibration points may be generated.
For each range calibrated, if the devi-
ation from a least-squares best-fit
straight line is 2 percent or less of the
value at each data point, concentration
values may be calculated by use of a
single calibration factor for that range.
If the deviation exceeds 2 percent at
any point, the best-fit non-linear equa-
tion which represents the data to with-
in 2 percent of each test point shall be
used to determine concentration.

§ 86.123–78 Oxides of nitrogen analyzer
calibration.

The chemiluminescent oxides of ni-
trogen analyzer shall receive the fol-
lowing initial and periodic calibration.

(a) Prior to introduction into service
and at least monthly thereafter the
chemiluminescent oxides of nitrogen
analyzer must be checked for NO2 to
NO converter efficiency. Figure B78–9
is a reference for paragraphs (a) (1)
through (11) of this section.

(1) Follow the manufacturer’s in-
structions for instrument startup and
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operation. Adjust the analyzer to opti-
mize performance.

(2) Zero the oxides of nitrogen ana-
lyzer with zero-grade air or zero-grade
nitrogen.

(3) Connect the outlet of the NOX

generator to the sample inlet of the ox-
ides of nitrogen analyzer which has
been set to the most common operating
range.

(4) Introduce into the NOX generator
analyzer-system an NO in nitrogen (N2)

mixture with an NO concentration
equal to approximately 80 percent of
the most common operating range. The
NO2 content of the gas mixture shall be
less than 5 percent of the NO con-
centration.

(5) With the oxides of nitrogen ana-
lyzer in the NO mode, record the con-
centration of NO indicated by the ana-
lyzer.
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(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 system.
The oxides of nitrogen analyzer will in-
dicate the 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 NOX in the original NO in N2

mixture. This value should be no more
than 5 percent above the value indi-
cated in step (4).

(11) Calculate the efficiency of the
NOX converted 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).

If converter efficiency is not greater
than 90 percent corrective action will
be required.

(b) Initial and periodic calibration.
Prior to its introduction into service
and monthly thereafter the
chemiluminescent oxides of nitrogen
analyzer shall be calibrated on all nor-
mally used instrument ranges. Use the
same flow rate as when analyzing sam-
ples. Proceed as follows:

(1) Adjust analyzer to optimize per-
formance.

(2) Zero the oxides of nitrogen ana-
lyzer with zero-grade air or zero-grade
nitrogen.

(3) Calibrate on each normally used
operating range with NO in N2 calibra-
tion gases having nominal concentra-

tions of 15, 30, 45, 60, 75, and 90 percent
of that range. For each range cali-
brated, if the deviation from a least-
squares best-fit straight line is 2 per-
cent or less of the value at each data
point, concentration values may be cal-
culated by use of a single calibration
factor for that range. If the deviation
exceeds 2 percent at any point, the
best-fit non-linear equation which rep-
resents the data to within 2 percent of
each test point shall be used to deter-
mine concentration.

(c) When testing methanol-fueled ve-
hicles, it may be necessary to clean the
analyzer frequently to prevent inter-
ference with NOX measurements (see
EPA/600/S3–88/040).

[42 FR 32954, June 28, 1977, as amended at 42
FR 45652, Sept. 12, 1977; 52 FR 47869, Dec. 16,
1987; 58 FR 58422, Nov. 1, 1993; 60 FR 34347,
June 30, 1995]

§ 86.124–78 Carbon dioxide analyzer
calibration.

Prior to its introduction into service
and monthly thereafter the NDIR car-
bon dioxide analyzer shall be cali-
brated:

(a) Follow the manufacturer’s in-
structions for instrument startup and
operation. Adjust the analyzer to opti-
mize performance.

(b) Zero the carbon dioxide analyzer
with either zero-grade air or zero-grade
nitrogen.

(c) Calibrate on each normally used
operating range with carbon dioxide in
N2 calibration gases with nominal con-
centrations of 15, 30, 45, 60, 75, and 90
percent of that range. Additional cali-
bration points may be generated. For
each range calibrated, if the deviation
from a least-squares best-fit straight
line is 2 percent or less of the value at
each data point, concentration values
may be calculated by use of a single
calibration factor for that range. If the
deviation exceeds 2 percent at any
point, the best-fit non-linear equation
which represents the data to within 2
percent of each test point shall be used
to determine concentration.

§ 86.125–94 Methane analyzer calibra-
tion.

Prior to introduction into service
and monthly thereafter, the methane
analyzer shall be calibrated:
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(a) Follow the manufacturer’s in-
structions for instrument startup and
operation. Adjust the analyzer to opti-
mize performance.

(b) Zero the methane analyzer with
zero-grade air.

(c) Calibrate on each normally used
operating range with CH4 in air with
nominal concentrations of 15, 30, 45, 60,
75, and 90 percent of that range. Addi-
tional calibration points may be gen-
erated. For each range calibrated, if
the deviation from a least-squares best-
fit straight line is 2 percent or less of
the value at each data point, con-
centration values may be calculated by
use of a single calibration factor for
that range. If the deviation exceeds 2
percent at any point, the best-fit non-
linear equation which represents the
data to within 2 percent of each test
point shall be used to determine con-
centration.

[56 FR 25774, June 5, 1991]

§ 86.126–90 Calibration of other equip-
ment.

Other test equipment used for testing
shall be calibrated as often as required
by the manufacturer or as necessary
according to good practice. Specific
equipment requiring calibration are
the gas chromatograph and flame ion-
ization detector used in measuring
methanol and the high pressure liquid
chromatograph (HPLC) and ultraviolet
detector for measuring formaldehyde.

[54 FR 14527, Apr. 11, 1989]

§ 86.127–00 Test procedures; overview.
Applicability. The procedures de-

scribed in this and subsequent sections
are used to determine the conformity
of vehicles with the standards set forth
in subpart A of this part for light-duty
vehicles and light-duty trucks. Except
where noted, the procedures of para-
graphs (a) through (b) of this section,
§ 86.127–96 (c) and (d), and the contents
of §§ 86.135–94, 86.136–90, 86.137–96, 86.140–
94, 86.142–90, and 86.144–94 are applicable
for determining emission results for
vehicle exhaust emission systems de-
signed to comply with the FTP emis-
sion standards, or the FTP emission
element required for determining com-
pliance with composite SFTP stand-
ards. Paragraphs (f) and (g) of this sec-

tion discuss the additional test ele-
ments of aggressive driving (US06) and
air conditioning (SC03) that comprise
the exhaust emission components of
the SFTP. Section 86.127–96(e) discusses
fuel spitback emissions and paragraphs
(h) and (i) of this section are applicable
to all vehicle emission test procedures.
Section 86.127–00 includes text that
specifies requirements that differ from
§86.127–96. Where a paragraph in
§ 86.127–96 is identical and applicable to
§ 86.127–00, this may be indicated by
specifying the corresponding paragraph
and the statement ‘‘[Reserved]. For
guidance see § 86.127–96.’’

(a) The overall test consists of pre-
scribed sequences of fueling, parking,
and operating test conditions. Vehicles
are tested for any or all of the follow-
ing emissions:

(1) Gaseous exhaust THC, CO, NOX,
CO2 (for petroleum-fueled and gaseous-
fueled vehicles), plus CH3OH and HCHO
for methanol-fueled vehicles, plus CH4

(for vehicles subject to the NMHC and
NMHCE standards).

(2) Particulates.
(3) Evaporative HC (for gasoline-

fueled, methanol-fueled and gaseous-
fueled vehicles) and CH3OH (for meth-
anol-fueled vehicles). The evaporative
testing portion of the procedure occurs
after the exhaust emission test; how-
ever, exhaust emissions need not be
sampled to complete a test for evapo-
rative emissions.

(4) Fuel spitback (this test is not re-
quired for gaseous-fueled vehicles).

(b) The FTP Otto-cycle exhaust emis-
sion test is designed to determine gase-
ous THC, CO, CO2, CH4, NOX, and par-
ticulate mass emissions from gasoline-
fueled, methanol-fueled and gaseous-
fueled Otto-cycle vehicles as well as
methanol and formaldehyde from
methanol-fueled Otto-cycle vehicles,
while simulating an average trip in an
urban area of 11 miles (18 kilometers).
The test consists of engine start-ups
and vehicle operation on a chassis dy-
namometer through a specified driving
schedule (see paragraph (a), EPA Urban
Dynamometer Driving Schedule, of ap-
pendix I to this part). A proportional
part of the diluted exhaust is collected
continuously for subsequent analysis,
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using a constant volume (variable dilu-
tion) sampler or critical flow venturi
sampler.

(c) through (e) ‘‘[Reserved]. For guid-
ance see § 86.127–96.’’

(f) The element of the SFTP for ex-
haust emissions related to aggressive
driving (US06) is designed to determine
gaseous THC, NMHC, CO, CO2, CH4, and
NOX emissions from gasoline-fueled or
diesel-fueled vehicles (see § 86.158–00
Supplemental test procedures; over-
view, and § 86.159–00 Exhaust emission
test procedures for US06 emissions).
The test cycle simulates urban driving
speeds and accelerations that are not
represented by the FTP Urban Dyna-
mometer Driving Schedule simulated
trips discussed in paragraph (b) of this
section. The test consists of vehicle op-
eration on a chassis dynamometer
through a specified driving cycle (see
paragraph (g), US06 Dynamometer
Driving Schedule, of appendix I to this
part). A proportional part of the di-
luted exhaust is collected continuously
for subsequent analysis, using a con-
stant volume (variable dilution) sam-
pler or critical flow venturi sampler.

(g)(1) The element of the SFTP relat-
ed to the increased exhaust emissions
caused by air conditioning operation
(SC03) is designed to determine gaseous
THC, NMHC, CO, CO2, CH4, and NOX

emissions from gasoline-fueled or die-
sel fueled vehicles related to air condi-
tioning use (see § 86.158–00 Supple-
mental federal test procedures; over-
view and § 86.160–00 Exhaust emission
test procedure for SC03 emissions). The
test cycle simulates urban driving be-
havior with the air conditioner operat-
ing. The test consists of engine
startups and vehicle operation on a
chassis dynamometer through specified
driving cycles (see paragraph (h), SC03
Dynamometer Driving Schedule, of ap-
pendix I to this part). A proportional
part of the diluted exhaust is collected
continuously for subsequent analysis,
using a constant volume (variable dilu-
tion) sampler or critical flow venturi
sampler. The testing sequence includes
an approved preconditioning cycle, a 10
minute soak with the engine turned
off, and the SC03 cycle with measured
exhaust emissions.

(2) The SC03 air conditioning test is
conducted with the air conditioner op-

erating at specified settings and the
ambient test conditions of:

(i) Air temperature of 95 °F;
(ii) 100 grains of water/pound of dry

air (approximately 40 percent relative
humidity);

(iii) Simulated solar heat intensity of
850 W/m 2 (see § 86.161–00(d)); and

(iv) air flow directed at the vehicle
that will provide representative air
conditioner system condenser cooling
at all vehicle speeds (see § 86.161–00(e)).

(3) Manufacturers have the option of
simulating air conditioning operation
during testing at other ambient test
conditions provided they can dem-
onstrate that the vehicle tail pipe ex-
haust emissions are representative of
the emissions that would result from
the SC03 cycle test procedure and the
ambient conditions of paragraph (g)(2)
of this section. The Administrator has
approved two optional air conditioning
test simulation procedures AC1 and
AC2 (see § 86.162–00) for only the model
years of 2000 through 2002. If a manu-
facturer desires to conduct simulation
SC03 testing for model year 2003 and
beyond, the simulation test procedure
must be approved in advance by the
Administrator (see §§ 86.162–00 and
86.163–00).

(h) Except in cases of component
malfunction or failure, all emission
control systems installed on or incor-
porated in a new motor vehicle shall be
functioning during all procedures in
this subpart. Maintenance to correct
component malfunction or failure shall
be authorized in accordance with
§ 86.090–25.

(i) Background concentrations are
measured for all species for which
emissions measurements are made. For
exhaust testing, this requires sampling
and analysis of the dilution air. For
evaporative testing, this requires
measuring initial concentrations.
(When testing methanol-fueled vehi-
cles, manufacturers may choose not to
measure background concentrations of
methanol and/or formaldehyde, and
then assume that the concentrations
are zero during calculations.)

[61 FR 54891, Oct. 22, 1996]
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§ 86.127–90 Test procedures; overview.
The procedures described in this and

subsequent sections are used to deter-
mine the conformity of vehicles with
the standards set forth in subpart A for
light-duty vehicles and light-duty
trucks.

(a) The overall test consists of pre-
scribed sequences of fueling, parking
and operating conditions. Vehicles are
tested for any or all of the following
emissions:

(1) Gaseous exhaust HC, CO, NOX, CO2

(for petroleum-fueled vehicles), plus
CH3OH and HCHO for methanol-fueled
vehicles (measurement of CH3OH and
HCHO may be omitted for 1990 through
1994 model year methanol-fueled vehi-
cles provided a HFID calibrated on
methanol is used for measuring HC
plus CH3OH).

(2) Particulates (diesel vehicles).
(3) Evaporative HC (for gasoline-

fueled and methanol-fueled vehicles)
and CH3OH (for methanol-fueled vehi-
cles). A separate CH3OH measurement
may be omitted for 1990 through 1994
model year methanol-fueled vehicles
provided a HFID calibrated on meth-
anol is used for measuring HC plus
CH3OH.

The evaporative portion of the test
procedure occurs before and after the
exhaust emission test, and in some
cases, during the exhaust emission
test.

(b) The Otto-cycle exhaust emission
test is designed to determine gaseous
hydrocarbon, carbon monoxide, carbon
dioxide, and oxides of nitrogen mass
emissions from gasoline-fueled and
methanol-fueled vehicles as well as
methanol and formaldehyde from
methanol-fueled Otto-cycle vehicles
while simulating an average trip in an
urban area of 7.5 miles (12.1 kilo-
meters). The test consists of engine
startups and vehicle operation on a
chassis dynamometer, through a speci-
fied driving schedule. A proportional
part of the diluted exhaust is collected
continuously for subsequent analysis,
using a constant volume (variable dilu-
tion) sampler or critical flow venturi
sampler.

(c) The diesel exhaust emission test
is designed to determine particulate
and gaseous mass emissions during a
test similar to the test in § 86.127(b).

For petroleum-fueled vehicles, diluted
exhaust is continuously analyzed for
total hydrocarbons using a heated sam-
ple line and analyzer. The other gase-
ous emissions, CO, CO2 and NOX are
collected continuously for analysis as
in § 86.127(b). For methanol-fueled vehi-
cles, hydrocarbons, methanol, form-
aldehyde, CO, CO2, and NOX are col-
lected continuously for analysis as in
§ 86.127(b). Hydrocarbons, methanol and
formaldehyde are collected using heat-
ed sample lines, and a heated FID is
used for hydrocarbons analyses. Simul-
taneous with the gaseous exhaust col-
lection and analysis, particulates from
a proportional part of the diluted ex-
haust are collected continuously on a
filter. The mass of particulate is deter-
mined by the procedure described in
§ 86.139. This testing requires a dilution
tunnel as well as the constant volume
sampler.

(d) The evaporative emission test
(gasoline-fueled vehicles and methanol-
fueled vehicles) is designed to deter-
mine hydrocarbon and methanol evapo-
rative emissions as a consequence of
diurnal temperature fluctuation, urban
driving, and hot soaks during parking.
It is associated with a series of events
representative of a motor vehicle’s op-
eration, which result in hydrocarbon
and/or methanol vapor losses. The test
procedure is designed to measure:

(1) Diurnal breathing losses resulting
from daily temperature changes, meas-
ured by the enclosure technique;

(2) Running losses from suspected
sources (if indicated by engineering
analysis or vehicle inspection) result-
ing from a simulated trip on a chassis
dynamometer, measured by carbon
traps; and

(3) Hot soak losses, which result
when the vehicle is parked and the hot
engine is turned off, measured by the
enclosure technique.

(e) Except in cases of component
malfunction or failure, all emission
control systems installed on or incor-
porated in a new motor vehicle shall be
functioning during all procedures in
this subpart. Maintenance to correct
component malfunction or failure shall
be authorized in accordance with
§ 86.088–25.

[54 FR 14527, Apr. 11, 1989]
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§ 86.127–94 Test procedures; overview.
The procedures described in this and

subsequent sections are used to deter-
mine the conformity of vehicles with
the standards set forth in subpart A of
this part for light-duty vehicles and
light-duty trucks.

(a) The overall test consists of pre-
scribed sequences of fueling, parking,
and operating conditions. Vehicles are
tested for any or all of the following
emissions:

(1) Gaseous exhaust THC, CO, NOX,
CO2 (for petroleum-fueled vehicles),
plus CH3OH and HCHO for methanol-
fueled vehicles, plus CH4 (for vehicles
subject to the NMHC and NMHCE
standards). (Measurement of CH3OH
and HCHO may be omitted for 1990
through 1994 model year methanol-
fueled vehicles provided a HFID cali-
brated on methanol is used for measur-
ing THC plus CH3OH.)

(2) Particulates.
(3) Evaporative HC (for gasoline-

fueled and methanol-fueled vehicles)
and CH3OH (for methanol-fueled vehi-
cles). A separate CH3OH measurement
may be omitted for 1990 through 1994
model year methanol-fueled vehicles
provided a HFID calibrated on meth-
anol is used for measuring HC plus
CH3OH.

(b) The Otto-cycle exhaust emission
test is designed to determine gaseous
THC, CO, CO2, CH4, NOX, and particu-
late mass emissions from gasoline-
fueled and methanol-fueled Otto-cycle
vehicles as well as methanol and form-
aldehyde from methanol-fueled Otto-
cycle vehicles, while simulating an av-
erage trip in an urban area of 7.5 miles
(12.1 kilometers). The test consists of
engine startups and vehicle operation
on a chassis dynamometer, through a
specified driving schedule. A propor-
tional part of the diluted exhaust is
collected continuously for subsequent
analysis, using a constant volume
(variable dilution) sampler or critical
flow venturi sampler.

(c) The diesel-cycle exhaust emission
test is designed to determine particu-
late and gaseous mass emissions during
a test similar to the test in § 86.127(b).
For petroleum-fueled diesel-cycle vehi-
cles, diluted exhaust is continuously
analyzed for THC using a heated sam-
ple line and analyzer; the other gaseous

emissions (CH4, CO, CO2, and NOX) are
collected continuously for analysis as
in § 86.127(b). For methanol-fueled vehi-
cles, THC, methanol, formaldehyde,
CO, CO2, CH4, and NOX are collected
continuously for analysis as in
§ 86.127(b). THC, methanol, and form-
aldehyde are collected using heated
sample lines, and a heated FID is used
for THC analyses. Simultaneous with
the gaseous exhaust collection and
analysis, particulates from a propor-
tional part of the diluted exhaust are
collected continuously on a filter. The
mass of particulate is determined by
the procedure described in § 86.139. This
testing requires a dilution tunnel as
well as the constant volume sampler.

(d) The evaporative emission test
(gasoline-fueled vehicles and methanol-
fueled vehicles) is designed to deter-
mine hydrocarbon and methanol evapo-
rative emissions as a consequence of
diurnal temperature fluctuation, urban
driving, and hot soaks during parking.
It is associated with a series of events
representative of a motor vehicle’s op-
eration, which result in hydrocarbon
and/or methanol vapor losses. The test
procedure is designed to measure:

(1) Diurnal breathing losses resulting
from daily temperature changes, meas-
ured by the enclosure technique;

(2) Running losses from suspected
sources (if indicated by engineering
analysis or vehicle inspection) result-
ing from a simulated trip on a chassis
dynamometer, measured by carbon
traps; and

(3) Hot soak losses, which result
when the vehicle is parked and the hot
engine is turned off, measured by the
enclosure technique.

(e) Except in cases of component
malfunction or failure, all emission
control systems installed on or incor-
porated in a new motor vehicle shall be
functioning during all procedures in
this subpart. Maintenance to correct
component malfunction or failure shall
be authorized in accordance with
§ 86.090–25.

(f) Background concentrations are
measured for all species for which
emissions measurements are made. For
exhaust testing, this requires sampling
and analysis of the dilution air. For
evaporative testing, this requires
measuring initial concentrations.
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(When testing methanol-fueled vehi-
cles, manufacturers may choose not to
measure background concentrations of
methanol and/or formaldehyde, and
then assume that the concentrations
are zero during calculations.)

[56 FR 25774, June 5, 1991, as amended at 60
FR 34347, June 30, 1995]

§ 86.127–96 Test procedures; overview.
The procedures described in this and

subsequent sections are used to deter-
mine the conformity of vehicles with
the standards set forth in subpart A of
this part for light-duty vehicles and
light-duty trucks.

(a) The overall test consists of pre-
scribed sequences of fueling, parking,
and operating conditions. Vehicles are
tested for any or all of the following
emissions:

(1) Gaseous exhaust THC, CO, NOX,
CO2 (for petroleum-fueled and gaseous-
fueled vehicles), plus CH3OH and HCHO
for methanol-fueled vehicles, plus CH4

(for vehicles subject to the NMHC and
NMHCE standards).

(2) Particulates.
(3) Evaporative HC (for gasoline-

fueled, methanol-fueled and gaseous-
fueled vehicles) and CH3OH (for meth-
anol-fueled vehicles). The evaporative
testing portion of the procedure occurs
after the exhaust emission test; how-
ever, exhaust emissions need not be
sampled to complete a test for evapo-
rative emissions.

(4) Fuel spitback (this test is not re-
quired for gaseous-fueled vehicles).

(b) The Otto-cycle exhaust emission
test is designed to determine gaseous
THC, CO, CO2, CH4, NOX, and particu-
late mass emissions from gasoline-
fueled, methanol-fueled and gaseous-
fueled Otto-cycle vehicles as well as
methanol and formaldehyde from
methanol-fueled Otto-cycle vehicles,
while simulating an average trip in an
urban area of 11 miles (18 kilometers).
The test consists of engine start-ups
and vehicle operation on a chassis dy-
namometer through a specified driving
schedule. A proportional part of the di-
luted exhaust is collected continuously
for subsequent analysis, using a con-
stant volume (variable dilution) sam-
pler or critical flow venturi sampler.

(c) The diesel-cycle exhaust emission
test is designed to determine particu-

late and gaseous mass emissions during
a test similar to the test in § 86.127(b).
For petroleum-fueled diesel-cycle vehi-
cles, diluted exhaust is continuously
analyzed for THC using a heated sam-
ple line and analyzer; the other gaseous
emissions (CH4, CO, CO2, and NOX) are
collected continuously for analysis as
in § 86.127(b). For methanol-fueled vehi-
cles, THC, methanol, formaldehyde,
CO, CO2, CH4, and NOX are collected
continuously for analysis as in
§ 86.127(b). THC, methanol, and form-
aldehyde are collected using heated
sample lines, and a heated FID is used
for THC analyses. Simultaneous with
the gaseous exhaust collection and
analysis, particulates from a propor-
tional part of the diluted exhaust are
collected continuously on a filter. The
mass of particulate is determined by
the procedure described in § 86.139. This
testing requires a dilution tunnel as
well as the constant volume sampler.

(d) The evaporative emission test
(gasoline-fueled vehicles, methanol-
fueled and gaseous-fueled vehicles) is
designed to determine hydrocarbon and
methanol evaporative emissions as a
consequence of diurnal temperature
fluctuation, urban driving and hot
soaks following drives. It is associated
with a series of events that a vehicle
may experience and that may result in
hydrocarbon and/or methanol vapor
losses. The test procedure is designed
to measure:

(1) Diurnal emissions resulting from
daily temperature changes (as well as
relatively constant resting losses),
measured by the enclosure technique
(see § 86.133);

(2) Running losses resulting from a
simulated trip performed on a chassis
dynamometer, measured by the enclo-
sure or point-source technique (see
§ 86.134; this test is not required for gas-
eous-fueled vehicles); and

(3) Hot soak emissions, which result
when the vehicle is parked and the hot
engine is turned off, measured by the
enclosure technique (see § 86.138).

(e) Fuel spitback emissions occur
when a vehicle’s fuel fill neck cannot
accommodate dispensing rates. The ve-
hicle test for spitback consists of a
short drive followed immediately by a
complete refueling event. This test is
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not required for gaseous-fueled vehi-
cles.

(f) Except in cases of component mal-
function or failure, all emission con-
trol systems installed on or incor-
porated in a new motor vehicle shall be
functioning during all procedures in
this subpart. Maintenance to correct
component malfunction or failure shall
be authorized in accordance with
§ 86.090–25.

(g) Background concentrations are
measured for all species for which
emissions measurements are made. For
exhaust testing, this requires sampling
and analysis of the dilution air. For
evaporative testing, this requires
measuring initial concentrations.
(When testing methanol-fueled vehi-
cles, manufacturers may choose not to
measure background concentrations of
methanol and/or formaldehyde, and
then assume that the concentrations
are zero during calculations.)

[58 FR 16032, Mar. 24, 1993, as amended at 59
FR 48508, Sept. 21, 1994; 60 FR 34347, June 30,
1995]

§ 86.128–00 Transmissions.
Section 86.128–00 includes text that

specifies requirements that differ from
§86.128–79. Where a paragraph in
§ 86.128–79 is identical and applicable to
§ 86.128–00, this may be indicated by
specifying the corresponding paragraph
and the statement ‘‘[Reserved]. For
guidance see § 86.128–79.’’

(a) through (c) [Reserved]. For guid-
ance see § 86.128–79.

(d) The vehicle shall be driven with
appropriate accelerator pedal move-
ment necessary to achieve the speed
versus time relationship prescribed by
the driving schedule. Both smoothing
of speed variations and excessive accel-
erator pedal perturbations are to be
avoided.

(e) through (h) [Reserved]. For guid-
ance see § 86.128–79.

[61 FR 54892, Oct. 22, 1996]

§ 86.128–79 Transmissions.
(a) All test conditions, except as

noted, shall be run according to the
manufacturer’s recommendations to
the ultimate purchaser, Provided, That:
Such recommendations are representa-
tive of what may reasonably be ex-

pected to be followed by the ultimate
purchaser under in-use conditions.

(b) Vehicles equipped with free
wheeling or overdrive, except as noted,
shall be tested with these features op-
erated according to the manufacturer’s
recommendations to the ultimate pur-
chaser.

(c) Idle modes less than one minute
in length shall be run with automatic
transmissions in ‘‘Drive’’ and the
wheels braked; manual transmissions
shall be in gear with the clutch dis-
engaged, except for the first idle mode
(see §§ 86.134, 86.136, and 86.137). The
first idle mode and idle modes longer
than one minute in length may be run
with automatic transmissions in ‘‘Neu-
tral;’’ manual transmissions may be in
‘‘Neutral’’ with the clutch engaged
(clutch may be disengaged for engine
start-up). If an automatic transmission
is in ‘‘Neutral’’ during an idle mode, it
shall be placed in ‘‘Drive’’ with the
wheels braked at least 5 seconds before
the end of the idle mode. If a manual
transmission is in ‘‘Neutral’’ during an
idle mode, it shall be placed in gear
with the clutch disengaged at least 5
seconds before the end of the idle
mode.

(d) The vehicle shall be driven with
minimum accelerator pedal movement
to maintain the desired speed.

(e) Accelerations shall be driven
smoothly following representative
shift speeds and procedures. For man-
ual transmissions, the operator shall
release the accelerator pedal during
each shift and accomplish the shift
with minimum time. If the vehicle can-
not accelerate at the specified rate, the
vehicle shall be operated at maximum
available power until the vehicle speed
reaches the value prescribed for that
time in the driving schedule.

(f) The deceleration modes shall be
run in gear using brakes or accelerator
pedal as necessary to maintain the de-
sired speed. Manual transmission vehi-
cles shall have the clutch engaged and
shall not change gears from the pre-
vious mode. For those modes which de-
celerate to zero, manual transmission
clutches shall be depressed when the
speed drops below 15 mph (24.1 km/h),
when engine roughness is evident, or
when engine stalling is imminent.
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(g)(1) In the case of test vehicles
equipped with manual transmissions,
the transmission shall be shifted in ac-
cordance with procedures which are
representative of shift patterns that
may reasonably be expected to be fol-
lowed by vehicles in use, in terms of
such variables as vehicle speed or per-
cent rated engine speed. At the Admin-
istrator’s discretion, a test vehicle may
also be shifted according to the shift
procedures recommended by the manu-
facturer to the ultimate purchaser, if
such procedures differ from those
which are reasonably expected to be
followed by vehicles in use.

(2) A manufacturer may recommend
to the ultimate purchaser shift proce-
dures other than those used in testing
by the EPA, Provided that: All shift
procedures (including multiple shift
speeds) which the manufacturer pro-
poses to supply to the ultimate pur-
chaser are provided to the Adminis-
trator as part of the manufacturer’s
application for certification, or as an
amendment to such application, under
§ 86.079–32, § 86.079–33, or § 86.079–34.

(h) Downshifting is allowed at the be-
ginning of or during a power mode in
accordance with the shift procedure de-
termined in paragraph (g)(1) of this sec-
tion.

[43 FR 52921, Nov. 14, 1978, as amended at 58
FR 16033, Mar. 24, 1993]

§ 86.129–00 Road load power, test
weight, and inertia weight class de-
termination.

Applicability. Section 86.129–94 (a) ap-
plies to all vehicle testing. Section
86.129–80 (b) and (c) are applicable to
vehicles from engine families which are
not required to meet SFTP require-
ments, although a manufacturer may
elect to use the requirements in para-
graphs (e) and (f) of this section instead
of § 86.129–80 (b) and (c) on any vehicle.
Section 86.129–94(d) which discusses
fuel temperature profile, is applicable
to evaporative emission running loss
testing. Paragraphs (e) and (f) of this
section are applicable to vehicles from
engine families required to comply
with SFTP requirements. Section
86.129–00 includes text that specifies re-
quirements that differ from § 86.129–80
or § 86.129–94. Where a paragraph in
§ 86.129–80 or § 86.129–94 is identical and

applicable to § 86.129–00, this may be in-
dicated by specifying the correspond-
ing paragraph and the statement ‘‘[Re-
served]. For guidance see § 86.129–80.’’
or ‘‘[Reserved]. For guidance see
§ 86.129–94.’’

(a) [Reserved]. For guidance see
§ 86.129–94.

(b) through (c) [Reserved]. For guid-
ance see § 86.129–80.

(d) [Reserved]. For guidance see
§ 86.129–94.

(e)(1) For each test vehicle from an
engine family required to comply with
SFTP requirements, the manufacturer
shall supply representative road load
forces for the vehicle at speeds between
15 km/hr (9.3 mph) and 115 km/hr (71.5
mph). The road load force shall rep-
resent vehicle operation on a smooth
level road, during calm winds, with no
precipitation, at an ambient tempera-
ture of 20 °C (68 °F), and atmospheric
pressure of 98.21 kPa. Road load force
for low speed may be extrapolated.
Manufacturers may, at their option,
use road load forces meeting the objec-
tives of paragraph (f) of this section for
any vehicle.

(2) The dynamometer’s power absorp-
tion shall be set for each vehicle’s
emission test sequence such that the
force imposed during dynamometer op-
eration matches actual road load force
at all speeds.

(3) The 10 percent adjustment in road
load power for air conditioning dis-
cussed in § 86.129–80(b)(3), is not applica-
ble when road load forces are deter-
mined for dynamometer testing using
paragraphs (e)(1) and (e)(2) of this sec-
tion.

(f)(1) Required test dynamometer in-
ertia weight class selections for the
test elements of FTP, US06, and SC03
are determined by the test vehicles
test weight basis and corresponding
equivalent weight as listed in the tab-
ular information of § 86.129–94(a). With
the exception of the fuel economy test
weight information in footnote 4 to the
table in § 86.129–94(a), none of the other
footnotes to the tabular listing apply
to emission tests utilizing an approved
single roll dynamometer or equivalent
dynamometer configuration. All light-
duty vehicles and light light-duty
trucks are to be tested at the inertia
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weight class corresponding to their
equivalent test weight.

(i) For light-duty vehicles and light
light-duty trucks, test weight basis is
loaded vehicle weight, which is the ve-
hicle weight plus 300 pounds.

(ii) For heavy light-duty trucks, the
definition of test weight basis varies
depending on the SFTP test element
being tested.

(A) For the aggressive driving cycle
(US06), the test weight basis is the ve-
hicle curb weight plus 300 pounds.

(B) For the FTP and the air condi-
tioning (SC03) element of the SFTP,
the test weight is the average of the
curb weight plus GVWR.

(2) Dynamic inertia load adjustments
may be made to the test inertia weight
during specific US06 acceleration
events when wide open throttle oper-
ation is equal to or greater than eight
(8) seconds (see § 86.108–00). The dy-
namic inertia weight adjustment pro-
cedure must be approved in advance of
conducting official US06 testing. The
Administrator will perform confirm-
atory US06 testing using the same dy-
namometer inertia adjustment proce-
dures as the manufacturer if:

(i) The manufacturer submits a re-
quest to the Administrator; and

(ii) The manufacturer provides the
dynamometer hardware and/or soft-
ware necessary for these adjustments
to the Administrator.

[61 FR 54892, Oct. 22, 1996]

EFFECTIVE DATE NOTE: At 61 FR 54892, Oct.
22, 1996, § 86.129–00 was added. This section
contains information collection and record-
keeping requirements and will not become
effective until approval has been given by
the Office of Management and Budget.

§ 86.129–80 Road load power, test
weight, and inertia weight class de-
termination.

(a) Flywheels, electrical or other
means of simulating test weight as
shown in the following table shall be
used. If the equivalent test weight
specified is not available on the dyna-
mometer being used, the next higher
equivalent test weight (not to exceed
250 pounds) available shall be used.

Road load power
at 50 mi/h—light-
duty trucks 1 2 3

Loaded vehicle
weight (pounds)

Equiva-
lent test
weight

(pounds)

Inertia
weight
class

(pounds)

............................. Up to 1,062 ....... 1,000 1,000

............................. 1,063 to 1,187 ... 1,125 1,000

............................. 1,188 to 1,312 ... 1,250 1,250

............................. 1,313 to 1,437 ... 1,375 1,250

............................. 1,438 to 1,562 ... 1,500 1,500

............................. 1,563 to 1,687 ... 1,625 1,500

............................. 1,688 to 1,812 ... 1,750 1,750

............................. 1,813 to 1,937 ... 1,875 1,750

............................. 1,938 to 2,062 ... 2,000 2,000

............................. 2,063 to 2,187 ... 2,125 2,000

............................. 2,188 to 2,312 ... 2,250 2,250

............................. 2,313 to 2,437 ... 2,375 2,250

............................. 2,438 to 2,562 ... 2,500 2,500

............................. 2,563 to 2,687 ... 2,625 2,500

............................. 2,688 to 2,812 ... 2,750 2,750

............................. 2,813 to 2,937 ... 2,875 2,750

............................. 2,938 to 3,062 ... 3,000 3,000

............................. 3,063 to 3,187 ... 3,125 3,000

............................. 3,188 to 3,312 ... 3,250 3,000

............................. 3,313 to 3,437 ... 3,375 3,500

............................. 3,438 to 3,562 ... 3,500 3,500

............................. 3,563 to 3,687 ... 3,625 3,500

............................. 3,688 to 3,812 ... 3,750 3,500

............................. 3,813 to 3,937 ... 3,875 4,000

............................. 3,938 to 4,125 ... 4,000 4,000

............................. 4,126 to 4,375 ... 4,250 4,000

............................. 4,376 to 4,625 ... 4,500 4,500

............................. 4,626 to 4,875 ... 4,750 4,500

............................. 4,876 to 5,125 ... 5,000 5,000

............................. 5,126 to 5,375 ... 5,250 5,000

............................. 5,376 to 5,750 ... 5,500 5,500

............................. 5,751 to 6,250 ... 4 6,000 6,000

............................. 6,251 to 6,750 ... 6,500 6,500

............................. 6,751 to 7,250 ... 7,000 7,000

............................. 7,251 to 7,750 ... 7,500 7,500

............................. 7,751 to 8,250 ... 8,000 8,000

............................. 8,251 to 8,750 ... 8,500 8,500

............................. 8,751 to 9,250 ... 9,000 9,000

............................. 9,251 to 9,750 ... 9,500 9,500

............................. 9,751 to 10,000 10,000 10,000

1 For all light-duty trucks except vans, and for heavy duty
vehicles optionally certified as light-duty trucks, the road load
power (horsepower) at 50 mi/h shall be 0.58 times B (defined
below) rounded to the nearest 1⁄2 hp.

2 For vans, the road load power at 50 mi/h (horsepower)
shall be 0.50 times B (defined below) rounded to the nearest
1⁄2 hp.

3 B is the basic vehicle frontal area (square foot) plus the
additional frontal area (square foot) of mirrors and optional
equipment exceeding 0.1 ft2 which are anticipated to be sold
on more than 33 pct of the car line. Frontal area measure-
ments shall be computed to the nearest 10th of a square foot
using a method approved in advanced by the administrator.

4 Light-duty vehicles over 5,750 lb loaded vehicle weight
shall be tested at a 5,500 lb equivalent test weight.

(b) Power absorption unit adjustment—
light-duty trucks. (1) The power absorp-
tion unit shall be adjusted to reproduce
road load power at 50 mph true speed.
The indicated road load power setting
shall take into account the dynamom-
eter friction. The relationship between
road load (absorbed) power and indi-
cated road load power for a particular
dynamometer shall be determined by
the procedure outlined in § 86.118 or
other suitable means.

(2) The road load power listed in the
table above shall be used or the vehicle
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manufacturer may determine the road
load power by an alternate procedure
requested by the manufacturer and ap-
proved in advance by the Adminis-
trator.

(3) Where it is expected that more
than 33 percent of a car line within an
engine-system combination will be
equipped with air conditioning per
§ 86.080–24(g)(2), the road load power
listed above or as determined in para-
graph (b)(2) of this section shall be in-
creased by 10 percent, up to a maxi-
mum increase of 1.4 horsepower, for
testing all test vehicies representing
that car line within that engine-system
combination if those vehicles are in-
tended to be offered with air condi-
tioning in production. The above in-
crease for air conditioning shall be
added prior to rounding off as in-
structed by notes 2 and 3 of the table.

(c) Power absorption unit adjustment—
light-duty vehicles. (1) The power ab-
sorption unit shall be adjusted to re-
produce road load power at 50 mph true
speed. The dynamometer power absorp-
tion shall take into account the dyna-
mometer friction, as discussed in
§ 86.118.

(2) The dynamometer road load set-
ting is determined from the equivalent
test weight, the reference frontal area,
the body shape, the vehicle protu-
berances, and the tire type by the fol-
lowing equations.

(i) For light-duty vehicles to be test-
ed on a twin roll dynamometer.

Hp = aA + P + tW

where:

Hp = the dynamometer power absorber set-
ting at 50 mph (horsepower).

A = the vehicle reference frontal area (ft2).
The vehicle reference frontal area is de-
fined as the area of the orthogonal pro-
jection of the vehicle; including tires and
suspension components, but excluding
vehicle protuberances, onto a plane per-
pendicular to both the longitudinal plane
of the vehicle and the surface upon which
the vehicle is positioned. Measurements
of this area shall be computed to the
nearest tenth of a square foot using a
method approved in advance by the Ad-
ministrator.

P = the protuberance power correction factor
from table 1 of this paragraph (horse-
power).

W = vehicle equivalent test weight (lbs) from
the table in paragraph (a).

a = 0.43 for fastback-shaped vehicles; = 0.50
for all other light duty vehicles.

t = 0.0 for vehicles equipped with radial ply
tires; = 3 × 10¥ 4 for all other vehicles.

A vehicle is considered to have a fastback
shape if the rearward projection of that por-
tion of the rear surface (Ab) which slopes at
an angle of less than 20 degrees from the hor-
izontal is at least 25 percent as large as the
vehicle reference frontal area. In addition,
this surface must be smooth, continuous,
and free from any local transitions greater
than four degrees. An example of a fastback
shape is presented in Figure 1.

TABLE I—PROTUBERANCE POWER, P. VERSUS
TOTAL PROTUBERANCE FRONTAL AREA, Ap

Ap (square foot) P (horse-
power)

Ap<0.30 .................................................................. 0.0
0.30 Ap<0.60 .......................................................... .40
0.60 Ap<0.90 .......................................................... .70

TABLE I—PROTUBERANCE POWER, P. VERSUS
TOTAL PROTUBERANCE FRONTAL AREA, Ap—
Continued

Ap (square foot) P (horse-
power)

0.90 Ap<1.20 .......................................................... 1.00
1.20 Ap<1.50 .......................................................... 1.30
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TABLE I—PROTUBERANCE POWER, P. VERSUS
TOTAL PROTUBERANCE FRONTAL AREA, Ap—
Continued

Ap (square foot) P (horse-
power)

1.50 Ap<1.80 .......................................................... 1.60
1.80 Ap<2.10 .......................................................... 1.90
2.10 Ap<2.40 .......................................................... 2.20
2.40 Ap<2.70 .......................................................... 2.50
2.70 Ap<3.00 .......................................................... 2.80
3.00 Ap ................................................................... 3.10

The protuberance frontal area, Ap, is de-
fined in a manner analogous to the definition
of the vehicle reference frontal area, i.e., the
total area of the orthogonal projections of
the vehicle mirrors, hood ornaments, roof
racks, and other protuberance onto a
plane(s) perpendicular to both the longitu-
dinal plane of the vehicle and the surface
upon which the vehicle is positioned. A pro-
tuberance is defined as any fixture attached
to the vehicle protruding more than 1 inch
from the vehicle surface and having a pro-
jected area greater than 0.01 ft2 with the area
calculated by a method approved in advance
by the Administrator. Included in the total
protuberance frontal area shall be all fix-
tures which occur as standard equipment.
The area of any optional equipment shall
also be included if it is expected that more
than 33 percent of the car line sold will be
equipped with this option.

(ii) The dynamometer power absorber
setting for light-duty vehicles shall be
rounded to the nearest 0.1 horsepower.

(iii) For light-duty vehicles to be
tested on a single, large roll dynamom-
eter.

Hp = aA + P + (5.0 × 10 ¥ 4 + 0.33t)W

All symbols in the above equation are de-
fined in paragraph (c)(2)(i) of this section.
The rounding criteria of paragraph (c)(2)(i)
also apply to this paragraph.

(3) The road load power calculated
above shall be used or the vehicle man-
ufacturer may determine the road load
power by an alternate procedure re-
quested by the manufacturer and ap-
proved in advance by the Adminis-
trator.

(4) Where it is expected that more
than 33 percent of a car line within an
engine-system combination will be
equipped with air conditioning, per
§ 86.080–24(g)(2), the road load power as
determined in paragraph (c) (2) or (3) of
this section shall be increased by 10
percent up to a maximum increment of
1.4 horsepower, for testing all test vehi-

cles of that car line within that engine-
system combination if those vehicles
are intended to be offered with air con-
ditioning in production. This power in-
crement shall be added to the indicated
dynamometer power absorption setting
prior to rounding off this value.

[42 FR 45653, Sept. 12, 1977, as amended at 43
FR 52921, Nov. 14, 1978]

§ 86.129–94 Road load power, test
weight, inertia weight class deter-
mination, and fuel temperature pro-
file.

Section 86.129–94 includes text that
specifies requirements that differ from
§86.129–80. Where a paragraph in
§ 86.129–80 is identical and applicable to
§ 86.129–94, this may be indicated by
specifying the corresponding paragraph
and the statement ‘‘[Reserved]. For
guidance see § 86.129–80.’’ Where a cor-
responding paragraph of § 86.129–80 is
not applicable, this is indicated by the
statement ‘‘[Reserved].’’

(a) Flywheels, electrical, or other
means of simulating test weight as
shown in the following table shall be
used. If the equivalent test weight
specified is not available on the dyna-
mometer being used, the next higher
equivalent test weight (not to exceed
250 pounds) available shall be used.

Road load power
at 50 mi/hour light-

duty trucks1,2,3

Test weight
basis4,5

Equiva-
lent test
weight

(pounds)

Inertia
weight
class

(pounds)

.............................. Up to 1,062 ......... 1,000 1,000

.............................. 1,063 to 1,187 ..... 1,125 1,000

.............................. 1,188 to 1,312 ..... 1,250 1,250

.............................. 1,313 to 1,437 ..... 1,375 1,250

.............................. 1,438 to 1,562 ..... 1,500 1,500

.............................. 1,563 to 1,687 ..... 1,625 1,500

.............................. 1,688 to 1,812 ..... 1,750 1,750

.............................. 1,813 to 1,937 ..... 1,875 1,750

.............................. 1,938 to 2,062 ..... 2,000 2,000

.............................. 2,063 to 2,187 ..... 2,125 2,000

.............................. 2,188 to 2,312 ..... 2,250 2,250

.............................. 2,313 to 2,437 ..... 2,375 2,250

.............................. 2,438 to 2,562 ..... 2,500 2,500

.............................. 2,563 to 2,687 ..... 2,625 2,500

.............................. 2,688 to 2,812 ..... 2,750 2,750

.............................. 2,813 to 2,937 ..... 2,875 2,750

.............................. 2,938 to 3,062 ..... 3,000 3,000

.............................. 3,063 to 3,187 ..... 3,125 3,000

.............................. 3,188 to 3,312 ..... 3,250 3,000

.............................. 3,313 to 3,437 ..... 3,375 3,500

.............................. 3,438 to 3,562 ..... 3,500 3,500

.............................. 3,563 to 3,687 ..... 3,625 3,500

.............................. 3,688 to 3,812 ..... 3,750 3,500

.............................. 3,813 to 3,937 ..... 3,875 4,000

.............................. 3,938 to 4,125 ..... 4,000 4,000

.............................. 4,126 to 4,375 ..... 4,250 4,000

.............................. 4,376 to 4,625 ..... 4,500 4,500

.............................. 4,626 to 4,875 ..... 4,750 4,500
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Road load power
at 50 mi/hour light-

duty trucks1,2,3

Test weight
basis4,5

Equiva-
lent test
weight

(pounds)

Inertia
weight
class

(pounds)

.............................. 4,876 to 5,125 ..... 5,000 5,000

.............................. 5,126 to 5,375 ..... 5,250 5,000

.............................. 5,376 to 5,750 ..... 5,500 5,500

.............................. 5,751 to 6,250 ..... 6,000 6,000

.............................. 6,251 to 6,750 ..... 6,500 6,500

.............................. 6,751 to 7,250 ..... 7,000 7,000

.............................. 7,251 to 7,750 ..... 7,500 7,500

.............................. 7,751 to 8,250 ..... 8,000 8,000

.............................. 8,251 to 8,750 ..... 8,500 8,500

.............................. 8,751 to 9,250 ..... 9,000 9,000

.............................. 9,251 to 9,750 ..... 9,500 9,500

.............................. 9,751 to 10,000 ... 10,000 10,000

1 For all light-duty trucks except vans, and for heavy duty
vehicles optionally certified as light-duty trucks, the road load
power (horsepower) at 50 mi/h shall be 0.58 times B (defined
below) rounded to the nearest 1/2 hp.

2 For vans, the road load power at 50 mi/h (horsepower)
shall be 0.50 times B (defined below) rounded to the nearest
1/2 hp.

3 B is the basic vehicle frontal area (square foot) plus the
additional frontal area (square foot) of mirrors and optional
equipment exceeding 0.1 ft2 which are anticipated to be sold
on more than 33 pct. of the car line. Frontal area measure-
ments shall be computed to the nearest 10th of a square foot
using a method approved in advanced by the administrator.

4 For model year 1994 and later heavy light-duty trucks not
subject to the Tier O standards of § 86.094–9 of subpart A,
test weight basis is as follows: for emissions tests, the basis
shall be adjusted loaded vehicle weight, as defined in
§ 86,094–2 of subpart A; and for fuel economy tests, the basis
shall be loaded vehicle weight, as defined in § 86.082–2 of
subpart A, or, at the manufacturer’s option, adjused loaded
vehicle weight as defined in § 86.094–2 of subpart A. For all
other vehicles, test weight basis shall be loaded vehicle
weight, as defined in § 86.082–2 of subpart as defined in
§ 86.094–2 of subpart A. For all other vehicles, test weight
shall be loaded vehicle weight, as defined in § 86.082–2 of
subpart A.

5 Light-duty vehicles over 5,750 lb. loaded vehicle weight
shall be tested at a 5,500 lb. equivalent test weight.

(b) through (c) [Reserved]. For guid-
ance see § 86.129–80.

(d) Fuel temperature profile—(1) Gen-
eral requirements. (i) To be tested for
running losses, as specified in § 86.134, a
vehicle must have a fuel temperature
profile. The following procedure is used
to generate the fuel temperature pro-
file, which serves as a target for con-
trolling fuel temperatures during the
running loss test. This profile rep-
resents the fuel temperature change
that occurs during on-road driving. If a
vehicle has more than one fuel tank, a
profile shall be established for each
tank. Manufacturers may also simulta-
neously generate a profile for vapor
temperatures.

(ii) If a manufacturer uses a vehicle
model to develop a profile to represent
multiple models, the vehicle model se-
lected must have the greatest expected
fuel temperature increase during driv-
ing of all those models it represents.
Also, manufacturers must select test
vehicles with any available vehicle op-

tions that increase fuel temperatures
during driving (for example, any fea-
ture that limits underbody airflow).

(iii) Manufacturers may conduct test-
ing to develop fuel temperature pro-
files in a laboratory setting, subject to
approval by the Administrator. The
laboratory facility should simulate
outdoor testing to reproduce fuel and
vapor temperature behavior over the
specified driving schedule. The design
of the laboratory facility should in-
clude consideration of any parameters
that may affect fuel temperatures,
such as solar loading, pavement heat,
and relative wind velocities around and
underneath the test vehicle. Indoor
testing to develop the fuel temperature
profiles must be conducted with little
or no vehicle-specific adjustment of
laboratory parameters. Manufacturers
would need to maintain an ongoing
demonstration of correlation between
laboratory and outdoor measurement
of fuel temperatures. Specifically, fuel
temperatures and pressures from in-
door driving should be at least as high
as measured when driving outdoors ac-
cording to the procedures described in
this section.

(iv) Small-volume manufacturers, as
defined in § 86.094–14(b)(1), may use an
alternate method for generating fuel
temperature profiles, subject to the ap-
proval of the Administrator.

(v) The Administrator may conduct
testing to establish any vehicle’s tem-
perature profiles or to verify compli-
ance with fuel tank pressure require-
ments.

(2) Vehicle instrumentation. (i) The ve-
hicle must be equipped with tempera-
ture sensors and pressure transducers,
as described in § 86.107–96 (e) and (f),
and a driver’s aid, which shall be con-
figured to provide the test driver with
the desired vehicle speed vs. time trace
and the actual vehicle speed.

(ii) A computer, data logger, or strip
chart data recorder shall record the
following parameters at a minimum
during the test run:

(A) Desired speed;
(B) Actual speed;
(C) Instantaneous average liquid fuel

temperature (Tliq); and
(D) Vapor space pressure (the Admin-

istrator may omit measurement of fuel
tank pressure).
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(iii) The data recording system de-
scribed in paragraph (d)(2)(ii) of this
section shall be capable of resolving
time to ±1 s, capable of resolving tem-
perature to ±2 °F, capable of resolving
pressure to ±1.0 inch of water, and ca-
pable of resolving speed to ±1 mph. The
temperature and pressure signals shall
be recorded at intervals of up to 1
minute; speed signals shall be recorded
at intervals of up to 1 second.

(3) Ambient conditions. The procedure
shall be run under the following ambi-
ent conditions. Conditions should be
representative of sunny summer days.

(i) Starting ambient temperature
(Tamb,o) shall be at least 95 °F, steady or
increasing (no more than 2 °F drop)
during the procedure. Ambient tem-
perature shall be measured and re-
corded in regular intervals of at least
once every 5 minutes. Measure ambient
temperature with the following re-
quirements (based on Federal Standard
for Siting Meteorological Sensors at Air-
ports, FCM–S4–1987). The sensors shall
be mounted 5±1 feet (1.5±0.3 meters)
above ground level. The sensors shall
be protected from radiation from the
sun, sky, earth, and any other sur-
rounding objects, but at the same time
be adequately ventilated. The sensors
shall be installed in such a position as
to ensure that measurements are rep-
resentative of the free air circulation
in the locality and not influenced by
artificial conditions such as large
buildings, cooling towers, and expanses
of concrete and tarmac. Keep any grass
and vegetation within 100 feet (30 me-
ters) of the sensor clipped to a height
of about 10 inches (25 centimeters) or
less.

(ii) Wind conditions shall be calm to
light with maximum wind speed of 15
mph. In the case of temporary gusting,
wind speeds between 15 and 25 mph may
occur for up to 5 percent of the total
driving time without invalidating the
data collection. Wind speed shall be
measured and recorded in regular in-
tervals of at least once per minute.
Measure wind speed with the following
requirements (based on Federal Stand-
ard for Siting Meteorological Sensors at
Airports, FCM–S4–1987). The site should
be relatively level, but small gradual
slopes are acceptable. The sensor shall
be mounted 30 to 33 feet (9 to 10 meters)

above the average ground height with-
in a radius of 500 feet (150 meters). The
sensor height shall not exceed 33 feet,
except as necessary to be at least 15
feet (5 meters) above the height of any
obstruction (e.g. vegetation, buildings,
etc.) within a 500 foot (150 meter) ra-
dius. An object is considered to be an
obstruction if the included lateral
angle from the sensor to the ends of
the object is 10 degrees or more.

(iii) Road surface temperature shall
be at least 125 °F throughout the driv-
ing period. Pavement temperature
shall be measured and recorded in regu-
lar intervals of at least once per
minute. The track temperature may be
measured with an embedded sensor, a
portable temperature probe, or an in-
frared pyrometer that can provide an
accuracy of ±2 °F. Temperatures must
be measured on a surface representa-
tive of the surface where the vehicle is
driven.

(iv) Conditions shall be sunny or
mostly sunny with a maximum cloud
cover of 25 percent.

(v) Reported cloud cover, wind speed,
and ambient temperature should be
consistent with that reported by the
nearest weather station; the Adminis-
trator may request justification of any
discrepancy.

(4) Profile determination procedure. (i)
Drain the fuel tank(s) and fill with test
fuel to the ‘‘tank fuel volume’’ defined
in § 86.082–2. The test fuel should meet
the specifications of § 86.113, except
that fuel with a lower volatility may
be used, subject to Administrator ap-
proval. Manufacturers using a lower
volatility fuel must generate a vapor
temperature profile for demonstrating
compliance with the limit on fuel tank
pressure during the running loss test
(see § 86.134–96).

(ii) The vehicle shall be moved to the
location where the data is to be col-
lected. It may be driven a maximum
distance of 5 miles and may also be
transported by other means. The vehi-
cle shall be stabilized by one of the fol-
lowing methods:

(A) The vehicle shall be parked for a
minimum of 12 hours in an open area
on a surface that is representative of
the test road, without any artificial
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heating or cooling of the fuel. The ori-
entation of the front of the vehicle dur-
ing parking (e.g., N, SW, etc.) shall be
documented.

(B) The vehicle may be soaked in a
temperature-controlled environment to
stabilize fuel temperatures. Before
starting the drive, the vehicle shall be
stabilized with fuel temperatures 95 ±3
°F for at least one hour. The fuel tem-
perature may not exceed 98 °F at any
time before the beginning of the driv-
ing schedule, during which only whole-
vehicle heating and cooling may be
used to control fuel temperatures. If a
manufacturer uses the provisions of
paragraph (d)(7)(v) of this section to es-
tablish a lower initial fuel temperature
for the running loss test, the fuel in
the test vehicle may not be stabilized
at a temperature higher than the
newly established initial fuel tempera-
ture.

(iii) Once the ambient conditions
specified in paragraph (d)(3) of this sec-
tion are met and the vehicle has been
stabilized according to paragraph
(d)(4)(ii) of this section, the vehicle’s
engine may be started. The vehicle’s
air conditioning system (if so equipped)
shall be set to the ‘‘normal’’ air condi-
tioning mode and adjusted to the mini-
mum discharge air temperature and
high fan speed. Vehicles equipped with
automatic temperature controlled air
conditioning systems shall be set to op-
erate in ‘‘automatic’’ temperature and
fan modes with the system set at 72 °F.

(iv) The vehicle may be operated at
minimum throttle for a period up to 60
seconds prior to the start of the driving
schedule, as necessary to move from
the parking location onto the road sur-
face. The driver’s aid shall be started
and the vehicle operated over the driv-
ing cycle specified in § 86.134–96(b) with
the transmission operated in the same
manner as specified in § 86.128–79. The
data recording system shall provide a
record of the required parameters over
the entire period of driving.

(5) Records required. In addition to the
vehicle data recording, the following
parameters shall be documented for the
determination of the fuel temperature
profile:

(i) Date and time of vehicle fueling;
(ii) Odometer reading at vehicle fuel-

ing;

(iii) Date and time vehicle was
parked, parking location and orienta-
tion;

(iv) Odometer reading at parking;
(v) Date and time engine was started;
(vi) Time of initiation of first UDDS;
(vii) Time of completion of the driv-

ing cycle;
(viii) Ambient temperatures through-

out the period of driving (Tamb);
(ix) Wind speed throughout the pe-

riod of driving;
(x) Track surface temperatures

throughout the period of driving cycle
(Tsur);

(xi) Percent cloud cover during the
period of driving; and

(xii) Ambient temperature, wind
speed, and percent cloud cover reported
by the nearest weather station for the
time corresponding most closely to the
period of driving.

(6) Fuel tank pressure. Tank pressure
shall not exceed 10 inches of water at
any time during the temperature pro-
file determination unless a pressurized
system is used and the manufacturer
demonstrates that vapor would not be
vented to the atmosphere upon fuel cap
removal.

(7) Calculation of temperature profiles.
(i) The traces from the driving sched-
ule shall be verified to meet the speed
tolerance requirements of § 86.115. The
following conditions shall be verified:

(A) Tamb,i≥Tamb,o¥2 °F.

Where,
(1) i=instantaneous measurement

throughout the drive; and
(2) o=initial measurement at the

start of the specified driving schedule.
(B) Tamb,o≥95 °F.
(C) Tsur,i¥Tamb,i≥30 °F.
(D) Wmax≤15 mph.
(ii) Failure to comply with any of

these requirements shall result in in-
validation of the data and require that
the procedure be repeated, beginning
with the fuel drain at paragraph
(d)(4)(i) of this section.

(iii) If all these requirements are
met, the following calculations shall be
performed to determine a profile for
liquid fuel temperatures and, if appli-
cable, for vapor temperatures:
Ti,profile=Ti-To.

Where:
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(A) Ti,profile=the series of tempera-
tures that comprise the relative tem-
perature profile.

(B) Ti=the series of observed liquid
fuel or vapor temperatures during the
drive.

(C) To=the liquid fuel or vapor tem-
perature observed at the start of the
specified driving schedule.

(iv) The relative temperature profile
consists of the set of temperatures at
each 1-minute interval. If temperatures
are sampled more frequently than once
per minute, the temperature data
points may represent a rolling average
of temperatures sampled for up to one-
minute intervals. If multiple valid test
runs are conducted for any model, then
all the collected data shall be used to
calculate a composite profile, based on
the average temperatures at each
point. The absolute temperature profile
is determined by adding 95 °F (35 °C) to
each point of the relative profile. Other
methodologies for developing corrected
liquid fuel and vapor space tempera-
ture profiles may be used if dem-
onstrated to yield equivalent results
and approved in advance by the Admin-
istrator.

(v) Manufacturers may use a lower
initial fuel temperature for the run-
ning loss test, if approved in advance
by the Administrator. To demonstrate
the need for such an adjustment, man-
ufacturers would be expected to deter-
mine the maximum fuel temperature
experienced by a vehicle during an ex-
tended park or after driving one UDDS
cycle when exposed to the ambient con-
ditions described in paragraph (d)(3) of
this section. To use this provision,
manufacturers would have to show
maximum fuel temperatures no greater
than 92 °F.

[56 FR 25775, June 5, 1991, as amended at 58
FR 16033, Mar. 24, 1993; 59 FR 39649, Aug. 3,
1994; 60 FR 43891, Aug. 23, 1995]

§ 86.130–00 Test sequence; general re-
quirements.

Applicability. Section 86.130–96 (a)
through (d) is applicable to vehicles
tested for the FTP test. Paragraph (e)
of this section is applicable to vehicles
tested for the SFTP supplemental tests

of air conditioning (SC03) and aggres-
sive driving (US06). Paragraph (f) of
this section is applicable to all emis-
sion testing. Section 86.130–00 includes
text that specifies requirements that
differ from § 86.130–96. Where a para-
graph in § 86.130–96 is identical and ap-
plicable to § 86.130–00, this may be indi-
cated by specifying the corresponding
paragraph and the statement ‘‘[Re-
served]. For guidance see § 86.130–96.’’

(a) through (d) [Reserved]. For guid-
ance see § 86.130–96.

(e) The supplemental tests for ex-
haust emissions related to aggressive
driving (US06) and air conditioning
(SC03) use are conducted as stand-alone
tests as described in §§ 86.158–00, 86.159–
00, and 86.160–00. These tests may be
performed in any sequence that main-
tains the appropriate preconditioning
requirements for these tests as speci-
fied in § 86.132–00.

(f) If tests are invalidated after col-
lection of emission data from previous
test segments, the test may be re-
peated to collect only those data points
needed to complete emission measure-
ments. Compliance with emission
standards may be determined by com-
bining emission measurements from
different test runs. If any emission
measurements are repeated, the new
measurements supersede previous val-
ues.

[61 FR 54893, Oct. 22, 1996]

§ 86.130–78 Test sequence; general re-
quirements.

The test sequence shown in figure
B78–10 shows the steps encountered as
the test vehicle undergoes the proce-
dures subsequently described to deter-
mine conformity with the standards
set forth. Ambient temperature levels
encountered by the test vehicle shall
not be less than 68 °F (20 °C) nor more
than 86 °F (30 °C). The temperatures
monitored during testing must be rep-
resentative of those experienced by the
test vehicle. The vehicle shall be ap-
proximately level during all phases of
the test sequence to prevent abnormal
fuel distribution.
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§ 86.130–96 Test sequence; general re-
quirements.

(a)(1) Gasoline- and methanol-fueled ve-
hicles. The test sequence shown in fig-
ure B96–10 shows the steps encountered
as the test vehicle undergoes the proce-
dures subsequently described to deter-
mine conformity with the standards

set forth. The full three- diurnal se-
quence depicted in figure B96–10 tests
vehicles for all sources of evaporative
emissions. The supplemental two-diur-
nal test sequence is designed to verify
that vehicles sufficiently purge their
evaporative canisters during the ex-
haust emission test. Sections 86.132–96,
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86.133–96 and 86.138–96 describe the sepa-
rate specifications of the supplemental
two-diurnal test sequence.

(2) Gaseous-fueled vehicles. The test
sequence shown in figure B96–10 shows
the steps encountered as the test vehi-
cle undergoes the procedures subse-
quently described to determine con-
formity with the standards set forth,
with the exception that the fuel drain
and fill and precondition canister steps
are not required for gaseous-fueled ve-
hicles. In addition, the supplemental
two-diurnal test and the running loss
test are not required.

(b) The vehicle test for fuel spitback
during fuel dispensing is conducted as a
stand-alone test (see § 86.146). This test
is not required for gaseous-fueled vehi-
cles.

(c) Ambient temperature levels en-
countered by the test vehicle shall be
not less than 68 °F nor more than 86 °F,
unless otherwise specified. If a dif-
ferent ambient temperature is specified

for soaking the vehicle, the soak period
may be interrupted once for up to 10
minutes to transport the vehicle from
one soak area to another, provided the
ambient temperature experienced by
the vehicle is never below 68 °F. The
temperatures monitored during testing
must be representative of those experi-
enced by the test vehicle.

(d) The vehicle shall be approxi-
mately level during all phases of the
test sequence to prevent abnormal fuel
distribution.

(e) If tests are invalidated after col-
lection of emission data from previous
test segments, the test may be re-
peated to collect only those data points
needed to complete emission measure-
ments. Compliance with emission
standards may be determined by com-
bining emission measurements from
different test runs. If any emission
measurements are repeated, the new
measurements supersede previous val-
ues.
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[58 FR 16034, Mar. 24, 1993, as amended at 59 FR 48509, Sept. 21, 1994; 60 FR 43893, Aug. 23, 1995]
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§ 86.131–00 Vehicle preparation.
Section 86.131–00 includes text that

specifies requirements that differ from
§86.131–96. Where a paragraph in
§ 86.131–96 is identical and applicable to
§ 86.131–00, this may be indicated by
specifying the corresponding paragraph
and the statement ‘‘[Reserved]. For
guidance see § 86.131–96.’’

(a) through (e) [Reserved]. For guid-
ance see § 86.131–96.

(f) For vehicles to be tested for ag-
gressive driving emissions (US06), pro-
vide a throttle position sensing signal
that is compatible with the test dyna-
mometer. This signal provides the
input information that controls dyna-
mometer dynamic inertia weight ad-
justments (see §§ 86.108–00(b)(2)(ii) and
86.129–00(f)(2)). If a manufacturer choos-
es not to implement dynamic inertia
adjustments for a portion or all of
their product line, this requirement is
not applicable.

[61 FR 54893, Oct. 22, 1996]

§ 86.131–90 Vehicle preparation.
(a) For gasoline-fueled and methanol-

fueled vehicles prepare the fuel tank(s)
for recording the temperature of the
prescribed test fuel at the approximate
mid-volume of the fuel.

(b) Provide additional fittings and
adapters, as required, to accommodate
a fuel drain at the lowest point possible
in the tank(s) as installed on the vehi-
cle.

[54 FR 14527, Apr. 11, 1989]

§ 86.131–96 Vehicle preparation.
(a) For gasoline- and methanol-fueled

vehicles prepare the fuel tank(s) for re-
cording the temperature of the pre-
scribed test fuel, as described in
§ 86.107–96(e).

(b) Provide additional fittings and
adapters, as required, to accommodate
a fuel drain at the lowest point possible
in the tank(s) as installed on the vehi-
cle.

(c) For preconditioning that involves
loading the evaporative emission can-
ister(s) with butane, provide valving or
other means as necessary to allow
purging and loading of the canister(s).

(d) For vehicles to be tested for run-
ning loss emissions, prepare the fuel
tank(s) for measuring and recording

the temperature and pressure of the
fuel tank as specified in § 86.107–96 (e)
and (f). Measurement of vapor tempera-
ture is optional during the running loss
test. If vapor temperature is not meas-
ured, fuel tank pressure need not be
measured.

(e) For vehicles to be tested for run-
ning loss emissions, prepare the ex-
haust system by sealing or plugging all
detectable sources of exhaust gas
leaks. The exhaust system shall be
tested or inspected to ensure that de-
tectable exhaust hydrocarbons are not
emitted into the running loss enclosure
during the running loss test.

[58 FR 16037, Mar. 24, 1993, as amended at 60
FR 43895, Aug. 23, 1995]

§ 86.132–00 Vehicle preconditioning.

Applicability. Section 86.132–96 (a)
through (c)(1) and (d) through (m) and
paragraph (c)(2) of this section are ap-
plicable to FTP and evaporative emis-
sion testing. Paragraphs (n) and (o) of
this section are applicable to vehicles
tested for the SFTP supplemental tests
of aggressive driving (US06) and air
conditioning (SC03). Section 86.132–00
includes text that specifies require-
ments that differ from § 86.132–96.
Where a paragraph in § 86.132–96 is iden-
tical and applicable to § 86.132–00, this
may be indicated by specifying the cor-
responding paragraph and the state-
ment ‘‘[Reserved]. For guidance see
§ 86.132–96.’’

(a) through (c)(1) [Reserved]. For
guidance see § 86.132–96.

(c)(2)(i) Once a test vehicle has com-
pleted the refueling and vehicle soak
steps specified in § 86.132–96 (b) and
(c)(1), these steps may be omitted in
subsequent testing with the same vehi-
cle and the same fuel specifications,
provided the vehicle remains under lab-
oratory ambient temperature condi-
tions for at least 6 hours before start-
ing the next test. In such cases, each
subsequent test shall begin with the
preconditioning drive specified in
§ 86.132–96(c)(1). The test vehicle may
not be used to set dynamometer horse-
power.

(ii) The SFTP test elements of ag-
gressive driving (US06) and air condi-
tioning (SC03) can be run immediately
or up to 72 hours after the official FTP

VerDate 25<JUN>98 07:53 Jul 29, 1998 Jkt 179152 PO 00000 Frm 00458 Fmt 8010 Sfmt 8010 Y:\SGML\179152T.XXX pfrm03 PsN: 179152T



463

Environmental Protection Agency § 86.132–90

and/or evaporative test sequence with-
out refueling provided the vehicle has
remained under laboratory ambient
temperature conditions. If the time in-
terval exceeds 72 hours or the vehicle
leaves the ambient temperature condi-
tions of the laboratory, the manufac-
turer must repeat the refueling oper-
ation.

(d) through (m) [Reserved]. For guid-
ance see § 86.132–96.

(n) Aggressive Driving Test (US06) Pre-
conditioning. (1) If the US06 test follows
the exhaust emission FTP or evapo-
rative testing, the refueling step may
be deleted and the vehicle may be
preconditioned using the fuel remain-
ing in the tank (see paragraph (c)(2)(ii)
of this section). The test vehicle may
be pushed or driven onto the test dyna-
mometer. Acceptable cycles for pre-
conditioning are as follows:

(i) If the soak period since the last
exhaust test element is less than or
equal to two hours, preconditioning
may consist of a 505, 866, highway,
US06, or SC03 test cycles.

(ii) If the soak period since the last
exhaust test element is greater than
two hours, preconditioning consists of
one full Urban Dynamometer Driving
Cycle. Manufacturers, at their option,
may elect to use the preconditioning in
paragraph (n)(1)(i) of this section when
the soak period exceeds two hours.

(iii) If a manufacturer has concerns
about fuel effects on adaptive memory
systems, a manufacturer may pre-
condition a test vehicle on test fuel
and the US06 cycle. Upon request from
a manufacturer, the administrator will
also perform the preconditioning with
the US06 cycle.

(iv) The preconditioning cycles for
the US06 test schedule are conducted
at the same ambient test conditions as
the certification US06 test.

(2) Following the preconditioning
specified in paragraphs (n)(1)(i), (ii),
and (iii) of this section, the test vehicle
is returned to idle for one to two min-
utes before the start of the official
US06 test cycle.

(o) Air Conditioning Test (SC03) Pre-
conditioning. (1) If the SC03 test follows
the exhaust emission FTP or evapo-
rative testing, the refueling step may
be deleted and the vehicle may be
preconditioned using the fuel remain-

ing in the tank (see paragraph (c)(2)(ii)
of this section). The test vehicle may
be pushed or driven onto the test dyna-
mometer. Acceptable cycles for pre-
conditioning are as follows:

(i) If the soak period since the last
exhaust test element is less than or
equal to two hours, preconditioning
may consist of a 505, 866, or SC03 test
cycles.

(ii) If the soak period since the last
exhaust test element is greater than
two hours, preconditioning consists of
one full Urban Dynamometer Driving
Cycle. Manufacturers, at their option,
may elect to use the preconditioning in
paragraph (o)(1)(i) of this section when
the soak period exceeds two hours.

(2) Following the preconditioning
specified in paragraphs (o)(1)(i) and (ii)
of this section, the test vehicle is
turned off, the vehicle cooling fan(s) is
turned off, and the vehicle is allowed to
soak for 10 minutes prior to the start
of the official SC03 test cycle.

(3) The preconditioning cycles for the
SC03 air conditioning test and the 10
minute soak are conducted at the same
ambient test conditions as the SC03
certification air conditioning test.

[61 FR 54893, Oct. 22, 1996]

§ 86.132–90 Vehicle preconditioning.

(a) The vehicle shall be moved to the
test area and the following operations
performed:

(1) The fuel tank(s) shall be drained
through the provided fuel tank(s)
drain(s) and filled to the prescribed
‘‘tank fuel volume’’ with the specified
test fuel, § 86.113. For the above oper-
ations the evaporative emission con-
trol system shall neither be abnor-
mally purged nor abnormally loaded.

(2) Within one hour of being fueled
the vehicle shall be placed, either by
being driven or pushed, on a dynamom-
eter and operated through one Urban
Dynamometer Driving Schedule test
procedure, see § 86.115 and appendix I. A
test vehicle may not be used to set dy-
namometer horsepower.

(3) For those unusual circumstances
where additional preconditioning is de-
sired by the manufacturer, such pre-
conditioning may be allowed with the
advance approval of the Administrator.
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(4) The Administrator may also
choose to conduct or require the con-
duct of additional preconditioning to
insure that the evaporative emission
control system is stabilized in the case
of gasoline-fueled and methanol-fueled
vehicles, or to insure that the exhaust
system is stabilized in the case of pe-
troleum-fueled, natural gas-fueled, liq-
uefied petroleum gas-fueled and meth-
anol-fueled diesel vehicles.

(i) Gasoline-fueled and methanol-fueled
vehicles. (A) The additional pre-
conditioning shall consist of an initial
one hour minimum soak and, one, two,
or three driving cycles of the UDDS, as
described in (a)(2) of this section, each
followed by a soak of at least one hour
with engine off, engine compartment
cover closed and cooling fan off.

(B) The vehicle may be driven off the
dynamometer following each UDDS for
the soak period.

(ii) Petroleum-fueled diesel vehicles,
natural gas-fueled and liquefied petro-
leum gas-fueled vehicles. The pre-
conditioning shall consist of either of
the following:

(A) The additional preconditioning
described in paragraph (a)(4)(i) of this
section; or

(B) For abnormally treated vehicles,
as defined in § 86.085–2, two Highway
Fuel Economy Driving Schedules,
found in part 600 appendix I, run in im-
mediate succession, with the road load
power set at twice the value obtained
from § 86.129–80.

(b) Within five minutes of completion
of preconditioning, the vehicle shall be
driven off the dynamometer and
parked. The vehicle shall be stored for
not less than 12 hours nor for more
than 36 hours prior to the cold start ex-
haust test. (Gasoline-fueled and meth-
anol-fueled vehicles undergo a one-
hour diurnal heat build prior to the
cold start exhaust test. A wait of up to
one hour is permitted between the end
of the diurnal heat build and the begin-
ning of the cold start exhaust test. See
§ 86.130 and Figure B79–5.)

(c) Vehicles to be tested for evapo-
rative emissions shall be processed in
accordance with procedures in §§ 86.133
through 86.138. Vehicles to be tested for
exhaust emissions only shall be proc-

essed according to § 86.133 through
§ 86.137.

[54 FR 14527, Apr. 11, 1989, as amended at 59
FR 48509, Sept. 21, 1994]

§ 86.132–96 Vehicle preconditioning.
(a) Fuel tank cap(s) of gasoline- and

methanol-fueled vehicles shall be re-
moved during any period that the vehi-
cle is parked outdoors awaiting test-
ing, to prevent unusual loading of the
canisters. During this time care must
be taken to prevent entry of water or
other contaminants into the fuel tank.
During storage in the test area while
awaiting testing, the fuel tank cap(s)
may be in place. The vehicle shall be
moved into the test area and the fol-
lowing operations performed.

(b)(1) Gasoline- and Methanol-Fueled
Vehicles. Drain the fuel tank(s) and fill
with test fuel, as specified in § 86.113, to
the ‘‘tank fuel volume’’ defined in
§ 86.082–2. The fuel cap(s) shall be in-
stalled within one minute after refuel-
ing.

(2) Gaseous-Fueled Vehicles. Vehicle
fuel tanks to be filled with fuel that
meets the specifications in § 86.113.
Fuel tanks shall be filled to a mini-
mum of 75% of service pressure for nat-
ural gas-fueled vehicles or a minimum
of 75% of available fill volume for liq-
uefied petroleum gas-fueled vehicles.
Prior draining of the fuel tanks is not
called for if the fuel in the tanks al-
ready meets the specifications in
§ 86.113.

(c)(1) Gasoline- and methanol-fueled
vehicles shall be soaked for at least 6
hours after being refueled. Petroleum-
fueled diesel vehicles and gaseous-
fueled vehicles shall be soaked for at
least 1 hour after being refueled. Fol-
lowing this soak period, the test vehi-
cle shall be placed, either by being
driven or pushed, on a dynamometer
and operated through one Urban Dyna-
mometer Driving Schedule (UDDS),
specified in § 86.115 and appendix I of
this part.

(2) Once a test vehicle has completed
the refueling and vehicle soak steps
specified in paragraphs (b) and (c)(1) of
this section, these steps may be omit-
ted in subsequent testing with the
same vehicle and the same fuel speci-
fications, provided the vehicle remains
under laboratory ambient temperature

VerDate 25<JUN>98 07:53 Jul 29, 1998 Jkt 179152 PO 00000 Frm 00460 Fmt 8010 Sfmt 8010 Y:\SGML\179152T.XXX pfrm03 PsN: 179152T



465

Environmental Protection Agency § 86.132–96

conditions for at least 6 hours before
starting the next test. In such cases,
each subsequent test shall begin with
the preconditioning drive specified in
this paragraph. The test vehicle may
not be used to set dynamometer horse-
power.

(d) For unusual circumstances where
the need for additional preconditioning
is demonstrated by the manufacturer,
such preconditioning may be allowed
with the advance approval of the Ad-
ministrator.

(e) The Administrator may also
choose to conduct or require to be con-
ducted additional preconditioning to
ensure that the evaporative emission
control system is stabilized in the case
of gasoline-fueled and methanol-fueled
vehicles, or to ensure that the exhaust
system is stabilized in the case of
petroleum- and methanol-fueled diesel
vehicles. The preconditioning shall
consist of one of the following:

(1) For gasoline- and methanol-fueled
vehicles. (i) Additional preconditioning
shall consist of no more than 50 miles
of mileage accumulation under typical
driving conditions, either on the road
or on a dynamometer.

(ii) In the case of repeat testing on a
flexible-fueled vehicle, in which the
test fuel is changed, the following pre-
conditioning procedure shall be used.
This additional preconditioning allows
the vehicle to adapt to the new fuel be-
fore the next test run.

(A) Purge the vehicle’s evaporative
canister for 60 minutes at 0.8 cfm.

(B) Drain the fuel tank(s) and fill
with 3 gallons of the test fuel.

(C) Start the vehicle and allow it to
idle for 1 minute.

(D) Drain the fuel tank(s) and fill
with the new test fuel to the ‘‘tank fuel
volume’’ defined in § 86.082–2. The aver-
age temperature of the dispensed fuel
shall be less than 60 °F.

(E) Conduct a heat build according to
the procedure specified in § 86.133–90.

(F) The vehicle shall be placed, either
by being driven or pushed, on a dyna-
mometer and operated through one
UDDS, specified in § 86.115 and appendix
I of this part.

(G) Following the dynamometer
drive, the vehicle shall be turned off for
5 minutes, then restarted and allowed
to idle for 1 minute. The vehicle shall

then be turned off for 1 minute, and al-
lowed to idle again for 1 minute.

(H) After the vehicle is turned off the
last time, it may be tested for evapo-
rative and exhaust emissions, starting
with paragraph (a) of this section.

(2) For petroleum-fueled diesel, meth-
anol-fueled diesel, and gaseous-fueled ve-
hicles. The preconditioning shall con-
sist of either of the following:

(i) An initial one hour minimum soak
and, one, two, or three driving cycles of
the UDDS, as described in paragraph
(c) of this section, each followed by a
soak of at least one hour with engine
off, engine compartment cover closed
and cooling fan off. The vehicle may be
driven off the dynamometer following
each UDDS for the soak period; or

(ii) For abnormally treated vehicles,
as defined in § 86.085–2, two Highway
Fuel Economy Driving Schedules,
found in appendix I of part 600, run in
immediate succession, with the road
load power set at twice the value ob-
tained from § 86.129.

(f)(1) Gasoline- and methanol-fueled ve-
hicles. After completion of the pre-
conditioning drive, the vehicle shall be
driven off the dynamometer. The vehi-
cle’s fuel tank(s) shall be drained and
then filled with test fuel, as specified
in § 86.113, to the ‘‘tank fuel volume’’
defined in § 86.082–2. The vehicle shall
be refueled within 1 hour after comple-
tion of the preconditioning drive. The
fuel cap(s) shall be installed within 1
minute after refueling. The vehicle
shall be parked within five minutes
after refueling.

(2) Petroleum-fueled diesel vehicles.
Within five minutes after completion
after the preconditioning drive, the ve-
hicle shall be driven off the dynamom-
eter and parked.

(3) Gaseous-fueled vehicles. After com-
pletion of the preconditioning drive,
the vehicle shall be driven off the dy-
namometer. Vehicle fuel tanks shall be
refilled with fuel that meets the speci-
fications in § 86.113. Fuel tanks shall be
filled to a minimum of 75% of service
pressure for natural gas-fueled vehicles
or a minimum of 75% of available fill
volume for liquefied petroleum gas-
fueled vehicles. Prior draining of the
fuel tanks is not called for if the fuel in
the tanks already meets the specifica-
tions in § 86.113. The vehicle shall be
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parked within five minutes after re-
fueling, or, in the absence of refueling,
within five minutes after completion of
the preconditioning drive.

(g) The vehicle shall be soaked for
not less than 12 hours nor more than 36
hours between the end of the refueling
event and the beginning of the cold
start exhaust emission test.

(h) During the soak period for the
three-diurnal test sequence described
in § 86.130–96, evaporative canisters, if
the vehicle is so equipped, shall be
preconditioned according to the follow-
ing procedure. For vehicles with mul-
tiple canisters in a series configura-
tion, the set of canisters must be
preconditioned as a unit. For vehicles
with multiple canisters in a parallel
configuration, each canister must be
preconditioned separately. If produc-
tion evaporative canisters are equipped
with a functional service port designed
for vapor load or purge steps, the serv-
ice port shall be used during testing to
precondition the canister. In addition,
for model year 1998 and later vehicles
equipped with refueling canisters,
these canisters shall be preconditioned
for the three-diurnal test sequence ac-
cording to the procedure in paragraph
(j)(1) of this section. If a vehicle is de-
signed to actively control evaporative
or refueling emissions without a can-
ister, the manufacturer shall devise an
appropriate preconditioning procedure,
subject to the approval of the Adminis-
trator.

(1)(i) Prepare the evaporative emis-
sion canister for the canister purging
and loading operation. The canister
shall not be removed from the vehicle,
unless access to the canister in its nor-
mal location is so restricted that purg-
ing and loading can only reasonably be
accomplished by removing the canister
from the vehicle. Special care shall be
taken during this step to avoid damage
to the components and the integrity of
the fuel system. A replacement can-
ister may be temporarily installed dur-
ing the soak period while the canister
from the test vehicle is preconditioned.

(ii) The canister purge shall be per-
formed with ambient air of humidity
controlled to 50±25 grains per pound of
dry air. This may be accomplished by
purging the canister in a room that is
conditioned to this level of absolute

humidity. The flow rate of the purge
air shall be maintained at a nominal
flow rate of 0.8 cfm and the duration
shall be determined to provide a total
purge volume flow through the canister
equivalent to 300 canister bed volume
exchanges. The bed volume is based on
the volume of adsorbing material in
the canister.

(iii) The evaporative emission can-
ister shall then be loaded by sending to
the canister an amount of commercial
grade butane vapors equivalent to 1.5
times its nominal working capacity.
The canister shall be loaded with a
mixture composed of 50 percent butane
and 50 percent nitrogen by volume at a
rate of 15±2 grams butane per hour. If
the canister loading at that rate takes
longer than 12 hours, a manufacturer
may determine a new rate, based on
completing the canister loading in no
less than 12 hours. The new rate may
be used for all subsequent canister
loading according to paragraph (h) of
this section. The time of initiation and
completion of the canister loading
shall be recorded.

(iv) The determination of a canister’s
nominal working capacity shall be
based on the average capacity of no
less than five canisters that are in a
stabilized condition.

(A) For stabilization, each canister
must be loaded no less than 10 times
and no more than 100 times to 2-gram
breakthrough with a 50/50 mixture by
volume of butane and nitrogen, at a
rate of 15 grams butane per hour. Each
canister loading step must be preceded
by canister purging with 300 canister
bed volume exchanges at 0.8 cfm.

(B) For determining working capac-
ity, each canister must first be purged
with 300 canister bed volume exchanges
at 0.8 cfm. The working capacity of
each canister shall be established by
determining the mass of butane re-
quired to load the canister from the
purged state so that it emits 2 grams of
hydrocarbon vapor; the canister must
be loaded with a 50/50 mixture by vol-
ume of butane and nitrogen, at a rate
of 15 grams butane per hour.

(2) For methanol-fueled and flexible-
fueled vehicles, canister precondition-
ing shall be performed with a fuel
vapor composition representative of
that which the vehicle would generate
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with the fuel mixture used for the cur-
rent test. Manufacturers shall develop
a procedure to precondition the evapo-
rative canister, if the vehicle is so
equipped, for the different fuel. The
procedure shall represent a canister
loading equivalent to that specified in
paragraph (h)(1) of this section and
shall be approved in advance by the Ad-
ministrator.

(i) [Reserved]
(j) For the supplemental two-diurnal

test sequence described in § 86.130–96,
one of the following methods shall be
used to precondition evaporative can-
isters during the soak period specified
in paragraph (g) of this section. For ve-
hicles with multiple canisters in a se-
ries configuration, the set of canisters
must be preconditioned as a unit. For
vehicles with multiple canisters in a
parallel configuration, each canister
must be preconditioned separately. In
addition, for model year 1998 and later
vehicles equipped with refueling can-
isters, these canisters shall be
preconditioned for the supplemental
two-diurnal test sequence according to
the procedure in paragraph (j)(1) of this
section. Canister emissions are meas-
ured to determine breakthrough.
Breakthrough is here defined as the
point at which the cumulative quan-
tity of hydrocarbons emitted is equal
to 2 grams.

(1) Butane loading to breakthrough.
The following procedure provides for
emission measurement in an enclosure.
Breakthrough may also be determined
by measuring the weight gain of an
auxiliary evaporative canister con-
nected downstream of the vehicle’s
canister, in which case, the following
references to the enclosure can be ig-
nored. The auxiliary canister shall be
well purged prior to loading. If produc-
tion evaporative canisters are equipped
with a functional service port designed
for vapor load or purge steps, the serv-
ice port shall be used during testing to
precondition the canister.

(i) Prepare the evaporative/refueling
emission canister for the canister load-
ing operation. The canister shall not be
removed from the vehicle, unless ac-
cess to the canister in its normal loca-
tion is so restricted that purging and
loading can only reasonably be accom-
plished by removing the canister from

the vehicle. Special care shall be taken
during this step to avoid damage to the
components and the integrity of the
fuel system. A replacement canister
may be temporarily installed during
the soak period while the canister from
the test vehicle is preconditioned.

(ii) The evaporative emission enclo-
sure shall be purged for several min-
utes. Warning: If at any time the con-
centration of hydrocarbons, of meth-
anol, or of methanol and hydrocarbons
exceeds 15,000 ppm C the enclosure
should be immediately purged. This
concentration provides at least a 4:1
safety factor against the lean flam-
mability limit.

(iii) The FID hydrocarbon analyzer
shall be zeroed and spanned imme-
diately prior to the canister loading
procedure.

(iv) If not already on, the evaporative
enclosure mixing fan shall be turned on
at this time.

(v) Place the vehicle in a sealed en-
closure and measure emissions with a
FID.

(vi)(A) For gasoline-fueled vehicles,
load the canister with a mixture com-
posed of 50 percent butane and 50 per-
cent nitrogen by volume at a rate of 40
grams butane per hour.

(B) For methanol-fueled and flexible-
fueled vehicles, canister precondition-
ing shall be performed with a fuel
vapor composition representative of
that which the vehicle would generate
with the fuel mixture used for the cur-
rent test. Manufacturers shall develop
a procedure to precondition the evapo-
rative canister, if the vehicle is so
equipped, for the different fuel.

(vii) As soon as the canister reaches
breakthrough, the vapor source shall
be shut off.

(viii) Reconnect the evaporative/re-
fueling emission canister and restore
the vehicle to its normal operating
condition.

(2) Load with repeated diurnal heat
builds to breakthrough. The following
procedure provides for emission meas-
urement in an enclosure. Breakthrough
may also be determined by measuring
the weight gain of an auxiliary evapo-
rative canister connected downstream
of the vehicle’s canister, in which case,
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the following references to the enclo-
sure can be ignored. The auxiliary can-
ister shall be well purged with dry air
prior to loading.

(i) The evaporative emission enclo-
sure shall be purged for several min-
utes. WARNING: If at any time the con-
centration of hydrocarbons, of meth-
anol, or of methanol and hydrocarbons
exceeds 15,000 ppm C the enclosure
should be immediately purged. This
concentration provides at least a 4:1
safety factor against the lean flam-
mability limit.

(ii) The FID hydrocarbon analyzer
shall be zeroed and spanned imme-
diately prior to the diurnal heat builds.

(iii) If not already on, the evapo-
rative enclosure mixing fan shall be
turned on at this time.

(iv) The fuel tank(s) of the prepared
vehicle shall be drained and filled with
test fuel, as specified in § 86.113, to the
‘‘tank fuel volume’’ defined in § 86.082–
2. The average temperature of the dis-
pensed fuel shall be 60±12 °F (16±7 °C).
The fuel tank cap(s) shall be installed
within 1 minute after refueling.

(v) Within one hour of being refueled,
the vehicle shall be placed, with the
engine shut off, in the evaporative
emission enclosure. The fuel tank tem-
perature sensor shall be connected to
the temperature recording system. A
heat source, specified in § 86.107–
90(a)(4), shall be properly positioned
with respect to the fuel tank(s) and
connected to the temperature control-
ler.

(vi) The temperature recording sys-
tem shall be started.

(vii) The fuel may be artificially
heated to the starting diurnal tempera-
ture.

(viii) When the fuel temperature
reaches at least 69 °F (21 °C), imme-
diately: turn off purge blower (if not al-
ready off); close and seal enclosure
doors; and initiate measurement of the
hydrocarbon level in the enclosure.

(ix) When the fuel temperature
reaches 72±2 °F (22±1 °C), start the diur-
nal heat build.

(x) The fuel shall be heated in such a
way that its temperature change con-
forms to the following function to
within ±4 °F (±3 °C):

F=To+0.4t; or

for SI units,

C=To+(2/9)t.

Where,

F=fuel temperature, °F;
C=fuel temperature, °C;
t=time since beginning of test, minutes; and
To=initial temperature in °F (°C for SI

units).

(xi) As soon as breakthrough occurs
or when the fuel temperature reaches
96 °F (36 °C), whichever occurs first, the
heat source shall be turned off, the en-
closure doors shall be unsealed and
opened, and the vehicle fuel tank cap(s)
shall be removed. If breakthrough has
not occurred by the time the fuel tem-
perature reaches 96 °F (36 °C), the heat
source shall be removed from the vehi-
cle, the vehicle shall be removed (with
engine still off) from the evaporative
emission enclosure and the entire pro-
cedure outlined in paragraph (j)(2) of
this section shall be repeated until
breakthrough occurs.

(xii) After breakthrough occurs, the
fuel tank(s) of the prepared vehicle
shall be drained and filled with test
fuel, as specified in § 86.113, to the
‘‘tank fuel volume’’ defined in § 86.082–
2. The fuel shall be stabilized to a tem-
perature within 3 °F of the lab ambient
before beginning the driving cycle for
the exhaust emission test.

(k) The Administrator may conduct
the vehicle preparation and pre-
conditioning for measurement of fuel
economy or exhaust emissions accord-
ing to the procedures specified in
§§ 86.132–90 and 86.133–90, in lieu of the
procedures specified in this section.

(l) Vehicles to be tested for exhaust
emissions only shall be processed ac-
cording to §§ 86.135 through 86.137. Vehi-
cles to be tested for evaporative emis-
sions shall be processed in accordance
with the procedures in §§ 86.133 through
86.138, starting with § 86.135.

(m) Vehicles to be tested for evapo-
rative emissions with the supplemental
two-diurnal test sequence described in
§ 86.130–96, shall proceed according to
§§ 86.135 through 86.137, followed by the
supplemental hot soak test (see
§ 86.138–96(k)) and the supplemental di-
urnal emission test (see § 86.133–96(p)).

[58 FR 16037, Mar. 24, 1993, as amended at 59
FR 16296, Apr. 6, 1994; 59 FR 48509, Sept. 21,
1994; 60 FR 43895, Aug. 23, 1995]
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§ 86.133–90 Diurnal breathing loss test.
(a)(1) Following vehicle preparation

and vehicle preconditioning procedures
described in §§ 86.131 and 86.132 the test
vehicle shall be allowed to soak for a
period of not less than 12 or more than
36 hours prior to the exhaust emission
test. The diurnal test shall start not
less than 10 or more than 35 hours after
the end of the preconditioning proce-
dure. The start of the exhaust test
shall follow the end of the diurnal test
within one hour.

(2) Gasoline-fueled and methanol-
fueled vehicles to be tested for exhaust
emissions only shall undergo the diur-
nal heat build. Since no evaporative
measurements are necessary, an evapo-
rative enclosure is not required.

(b) The evaporative emission enclo-
sure shall be purged for several min-
utes immediately prior to the test.

NOTE: If at any time the concentration of
hydrocarbons, of methanol or of methanol
and hydrocarbons exceeds 15,000 ppm C the
enclosure should be immediately purged. The
concentration provides a 4:1 safety factor of
hydrocarbons and methanol against the lean
flammability limit.

(c) The FID (or HFID) hydrocarbon
analyzer shall be zeroed and spanned
immediately prior to the test.

(d) Impingers charged with known
volumes of pure deionized water shall
be placed in the methanol sampling
system (methanol-fueled vehicles
only).

(e) If not already on, evaporative en-
closure mixing fan shall be turned on
at this time.

(f) Immediately prior to the diurnal
breathing loss test, the fuel tank(s) of
the prepared vehicle shall be drained
and recharged with the specified test
fuel, § 86.113, to the prescribed ‘‘tank
fuel volume,’’ defined in § 86.078–2. The
temperature of the fuel prior to its de-
livery to the fuel tank shall be between
45° and 60 °F (7.2 °C and 16 °C). The fuel
tank cap(s) is not installed until the di-
urnal heat build begins.

(g) The test vehicle, with the engine
shut off, shall be moved into the evapo-
rative emission enclosure, the test ve-
hicle windows and luggage compart-
ment(s) shall be opened, the fuel tank
temperature sensor shall be connected
to the temperature recording system,
and, if required, the heat source shall

be properly positioned with respect to
the fuel tank(s) and/or connected to the
temperature controller.

(h) The temperature recording sys-
tem shall be started.

(i) The fuel may be artificially heat-
ed to the starting diurnal temperature.

(j) When the fuel temperature record-
ing system reaches at least 58 °F (14
°C), immediately:

(1) Install fuel tank cap(s).
(2) Turn off purge blowers, if not al-

ready off at this time.
(3) Close and seal enclosure doors.
(k) When the fuel temperature re-

cording system reaches 60°±2 °F (16°±1.1
°C), immediately:

(1) Analyze enclosure atmosphere for
hydrocarbons and record. This is the
initial (time = 0 minutes) hydrocarbon
concentration, CHCi, § 86.143.

(2) Simultaneously with initiation of
the hydrocarbon analysis, initiate col-
lection of the methanol sample by
drawing a sample from the enclosure
through the sampling system for four
minutes. This is the initial methanol
measurement from which methanol
concentration CCH3OHi and mass are cal-
culated. Remove impingers and replace
with freshly charged clean impingers
which will be used to collect the final
methanol sample.

(3) Start diurnal heat build and
record time. This commences the 60±2
minute test period.

(l) The fuel shall be heated in such a
way that its temperature change con-
forms to the following function to
within ±3 °F (±1.6 °C):

(1) F = To + 0.4t.
(2) For SI units, C = To + (2/9)t.

Where:
(3) F = fuel temperature, °F.
(4) C = fuel temperature, °C.
(5) t = time since beginning of test,

minutes.
(6) To = initial temperature.
After 60±2 minutes of heating, the

fuel temperature rise shall be 24°±1 °F
(13.4 °C±0.5 °C).

(m) The FID hydrocarbon analyzer
shall be zeroed and spanned imme-
diately prior to the end of the diurnal
test.

(n) The end of the diurnal breathing
loss test occurs 60±2 minutes after the
heat build begins, paragraph (j)(2).
Analyze the enclosure atmosphere for
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hydrocarbons and record. This is the
final (time = 60 minutes) hydrocarbon
concentration, CHCf, § 86.143. The time
(or elapsed time) of this analysis shall
be recorded.

(o) Simultaneously with the start of
the hydrocarbon analysis, initiate col-
lection of the methanol sample. Sam-
ple for 4.0±0.5 minutes. This is the final
methanol sample.

(p) Alternate method for methanol sam-
pling. Since sample times of longer
than four minutes may be necessary in
order to collect an adequate and rep-
resentative sample of methanol at the
end of a test (when SHED concentra-
tions are usually increasing rapidly), it
may be necessary to rapidly collect the
methanol sample in a bag and then
bubble the bag sample through the
impingers at the specified flow rate.
The time elapsed between collection of
the bag sample and flowing through
the impingers should be minimized in
order to prevent any losses. This alter-
native must be adopted if the four
minute sample period is inadequate to
collect a sample of sufficient con-
centration to allow accurate GC analy-
sis.

(q) Once the final methanol sample
has been collected, the heat source
shall be turned off and the enclosure
doors unsealed and opened.

(r) The heat source shall be moved
away from the vehicle, if required, and/
or disconnected from the temperature
controller, the fuel tank temperature
sensor shall be disconnected from the
temperature recording system, the test
vehicle windows and luggage compart-
ments may be closed and the test vehi-
cle, with the engine shut off, shall be
removed from the evaporative emission
enclosure.

(s) For vehicles with multiple tanks,
the largest tank shall be designated as
the primary tank and shall be heated
in accordance with the procedures de-
scribed in paragraph (1) of this section.
All other tanks shall be designated as
auxiliary tanks and shall undergo a
similar heat build such that the fuel
temperature shall be within 3 °F (1.6
°C) of the primary tank.

[54 FR 14528, Apr. 11, 1989]

§ 86.133–96 Diurnal emission test.

(a)(1) The diurnal emission test for
gasoline-, methanol- and gaseous-
fueled vehicles consists of three 24-hour
test cycles following the hot soak test.
Emissions are measured for each 24-
hour cycle, with the highest emission
level used to determine compliance
with the standards specified in subpart
A of this part. The Administrator may
truncate a test after any 24-hour cycle
without affecting the validity of the
collected data. Sampling of emissions
from the running loss and hot soak
tests is not required as preparation for
the diurnal emission test. The diurnal
emission test may be conducted as part
of either the three- diurnal test se-
quence or the supplemental two-diur-
nal test sequence, as described in
§ 86.130–96.

(2) For the full three-diurnal test se-
quence, the diurnal emission test out-
lined in paragraphs (b) through (o) of
this section follows the high-tempera-
ture hot soak test concluded in § 86.138–
96(j).

(3) For the supplemental two-diurnal
test sequence, the diurnal emission
test outlined in paragraph (p) of this
section follows the alternate hot soak
test specified in § 86.138–96(k). This test
is not required for gaseous-fueled vehi-
cles.

(b) The test vehicle shall be soaked
for not less than 6 hours nor more than
36 hours between the end of the hot
soak test and the start of the diurnal
emission test. For at least the last 6
hours of this period, the vehicle shall
be soaked at 72°±3 °F. The temperature
tolerance may be waived for up to 10
minutes to allow purging of the enclo-
sure or transporting the vehicle into
the enclosure at the beginning of the
diurnal emission test.

(c) The test vehicle shall be exposed
to ambient temperatures cycled ac-
cording to the profile specified in
§ 86.133 and appendix II of this part.

(1) Temperatures measured with the
underbody temperature sensor shall
follow the profile with a maximum de-
viation of 3 °F at any time and an aver-
age temperature deviation not to ex-
ceed 2 °F, where the average deviation
is calculated using the absolute value
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of each measured deviation. In addi-
tion, the temperature from the side-
wall temperature sensors shall follow
the profile with a maximum deviation
of 5 °F at any time.

(2) Ambient temperatures shall be
measured at least every minute. Tem-
perature cycling shall begin when
time=0 minutes, as specified in para-
graph (i)(5) of this section.

(d) The diurnal enclosure shall be
purged for several minutes prior to the
test. WARNING: If at any time the con-
centration of hydrocarbons, of meth-
anol or of methanol and hydrocarbons
exceeds 15,000 ppm C the enclosure
should be immediately purged. This
concentration provides at least a 4:1
safety factor against the lean flam-
mability limit.

(e) The test vehicle, with the engine
shut off and the test vehicle windows
and luggage compartment(s) opened,
shall be moved into the diurnal enclo-
sure.

(f)–(g) [Reserved]
(h) Prior to sampling for emissions

and throughout the period of cycled
ambient temperatures, the mixing
fan(s) shall circulate the air at a rate
of 0.8±0.2 cfm per cubic foot of ambient
volume. The mixing fan(s), plus any ad-
ditional fans if needed, shall also main-
tain a minimum wind speed of 5 mph (8
km/hr) under the fuel tank of the test
vehicle. The Administrator may adjust
fan speed and location to ensure suffi-
cient air circulation around the fuel
tank. The wind speed requirement may
be satisfied by consistently using a fan
configuration that has been dem-
onstrated to maintain a broad 5-mph
air flow in the vicinity of the vehicle’s
fuel tank, subject to verification by the
Administrator.

(i) Emission sampling may begin as
follows:

(1) The FID (or HFID) hydrocarbon
analyzer shall be zeroed and spanned
immediately prior to the sampling.

(2) Impingers charged with known
volumes of pure deionized water shall
be placed in the methanol sampling
system (methanol-fueled vehicles
only).

(3) Turn off purge blowers (if not al-
ready off).

(4) Close and seal enclosure doors (if
not already closed and sealed).

(5) Within 10 minutes of closing and
sealing the doors, analyze enclosure at-
mosphere for hydrocarbons and record.
This is the initial (time=0 minutes) hy-
drocarbon concentration, CHCi, required
in § 86.143. Hydrocarbon emissions may
be sampled continuously during the
test period.

(6) Analyze the enclosure atmosphere
for methanol, if applicable, and record.
The methanol sampling must start si-
multaneously with the initiation of the
hydrocarbon analysis and continue for
4.0±0.5 minutes. This is the initial
methanol concentration, CCH3OHi, re-
quired in § 86.143. Record the time
elapsed during this analysis. If the 4-
minute sample period is inadequate to
collect a sample of sufficient con-
centration to allow accurate GC analy-
sis, rapidly collect the methanol sam-
ple in a bag and then bubble the bag
sample through the impingers at the
specified flow rate. The time elapsed
between collection of the bag sample
and flow through the impingers should
be minimized to prevent any losses. If
the test is conducted in a fixed-volume
enclosure that allows airflow into and
out of the enclosure, the effect of
makeup air dilution must be factored
into the analysis.

(j) If testing indicates that a vehicle
design may result in fuel temperature
responses during enclosure testing that
are not representative of in-use sum-
mertime conditions, the Administrator
may adjust air circulation and tem-
perature during the test as needed to
ensure that the test sufficiently dupli-
cates the vehicle’s in-use experience.

(k) The FID (or HFID) hydrocarbon
analyzer shall be zeroed and spanned
immediately prior to the end of each
emission sampling period.

(l) Fresh impingers shall be installed
in the methanol collection system im-
mediately prior to the end of each
emission measurement, if applicable.

(m) The end of the first, second, and
third emission sampling period shall
occur 1440±6, 2880±6, 4320±6 minutes, re-
spectively, after the beginning of the
initial sampling, as specified in para-
graph (i)(5) of this section.

(1) At the end of each emission sam-
pling period, analyze the enclosure at-
mosphere for hydrocarbons and record.
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This is the final hydrocarbon con-
centration, CHCf, required in § 86.143.
The emission measurement at the end
of each period becomes the initial hy-
drocarbon concentration, CHCi, of the
next emission sampling period.

(2) Analyze the enclosure atmosphere
for methanol, if applicable, and record.
The methanol sampling must start si-
multaneously with the initiation of the
hydrocarbon analysis and continue for
4.0±0.5 minutes. This is the final
(time=1440 minutes) methanol con-
centration, CCH3OHf, required in § 86.143.
Record the time elapsed during this
analysis. If the 4-minute sample period
is inadequate to collect a sample of
sufficient concentration to allow accu-
rate GC analysis, rapidly collect the
methanol sample in a bag and then
bubble the bag sample through the
impingers at the specified flow rate.
The time elapsed between collection of
the bag sample and flow through the
impingers should be minimized to pre-
vent any losses. If the test is conducted
in a fixed-volume enclosure that allows
airflow into and out of the enclosure,
the effect of makeup air dilution must
be factored into the analysis.

(n) At the end of the temperature cy-
cling period the enclosure doors shall
be unsealed and opened, the test vehi-
cle windows and luggage compartments
may be closed and the test vehicle,
with the engine shut off, shall be re-
moved from the enclosure.

(o) This completes the full three-di-
urnal evaporative emission test se-
quence described in § 86.130–96.

(p) For the supplemental two-diurnal
test sequence described in § 86.130–96,
the following steps shall be performed
in lieu of the steps described in para-
graphs (b) through (n) of this section.

(1) For the supplemental two-diurnal
test sequence, the test vehicle shall be
soaked for not less than 6 hours nor
more than 36 hours between the end of
the hot soak test described in § 86.138–
96(k), and the start of the two-diurnal
emission test. For at least the last 6
hours of this period, the vehicle shall
be soaked at 72±3 °F.

(2) The vehicle shall be tested for di-
urnal emissions according to the proce-
dures specified in paragraphs (c)
through (n) of this section, except that
the test includes only two 24-hour peri-

ods. Therefore the end of the first and
second emission sampling periods shall
occur 1440±6 and 2880±6 minutes, respec-
tively, after the initial sampling.

(3) This completes the supplemental
two-diurnal test sequence for evapo-
rative emission measurement.

[58 FR 16039, Mar. 24, 1993, as amended at 59
FR 48509, Sept. 21, 1994; 60 FR 43896, Aug. 23,
1995]

§ 86.134–96 Running loss test.

(a) Overview. Gasoline- and methanol-
fueled vehicles are to be tested for run-
ning loss emissions during simulated
high-temperature urban driving; this
test is not required for gaseous-fueled
vehicles. During operation, tank tem-
peratures are controlled according to a
prescribed profile to simulate in-use
conditions. If the vehicle is determined
to have exceeded the standard before
the end of the running loss test, the
test may be terminated without invali-
dating the data. The test can be run ei-
ther in a sealed enclosure or with the
point-source method, as specified in
paragraph (g) of this section. Measure-
ment of vapor temperature is optional
during the running loss test; however,
if testing by the Administrator shows
that a vehicle has exceeded an emis-
sion standard without measurement of
vapor temperatures, the manufacturer
may, utilizing its own resources, con-
duct subsequent testing on that vehicle
to determine if the exceedance is at-
tributable to inadequate control of
vapor temperatures.

(b) Driving schedule. Conduct the run-
ning loss test by operating the test ve-
hicle through one Urban Dynamometer
Driving Schedule (UDDS), a 2-minute
idle, two New York City Cycles, an-
other 2-minute idle, another UDDS,
then another 2-minute idle (see § 86.115
and appendix I of this part). Fifteen
seconds after the engine starts, place
the transmission in gear. Twenty sec-
onds after the engine starts, begin the
initial vehicle acceleration of the driv-
ing schedule. The transmission shall be
operated according to the specifica-
tions of § 86.128 during the driving cy-
cles.

(c) Dynamometer Operation. (1) The ex-
haust from the vehicle must be routed
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outside the test cell or enclosure. Ex-
haust gases may, but need not, be col-
lected and sampled.

(2) Provisions of § 86.135–90(c) shall
apply.

(3) Practice runs over the prescribed
driving schedule may not be performed
at test point.

(4) Provisions of § 86.135–90 (e) and (f)
shall apply.

(5) If the dynamometer horsepower
must be adjusted manually, it shall be
set within 1 hour prior to the running
loss test phase. The test vehicle shall
not be used to make this adjustment.
Dynamometers using automatic con-
trol of preselectable power settings
may be set any time prior to the begin-
ning of the emissions test.

(6) Dynamometer roll or shaft revolu-
tions shall be used to determine the ac-
tual driving distance for the running
loss test, DRL, required in § 86.143. The
revolutions shall be measured on the
same roll or shaft used for measuring
the vehicle’s speed.

(7) Provisions of § 86.135–90(i) shall
apply.

(8) The test run may be stopped if a
warning light or gauge indicates that
the vehicle’s engine coolant has over-
heated.

(d) Engine Starting and Restarting. (1)
Provisions of § 86.136–90(a) shall apply.

(2) If the vehicle does not start after
the manufacturer’s recommended
cranking time (or 10 continuous sec-
onds in the absence of a manufacturer’s
recommendation), cranking shall cease
for the period recommended by the
manufacturer (or 10 seconds in the ab-
sence of a manufacturer’s rec-
ommendation). This may be repeated
for up to three start attempts. If the
vehicle does not start after three at-
tempts, the reason for failure to start
shall be determined. If failure to start
is an operational error, the vehicle
shall be rescheduled for testing, start-
ing with the soak period immediately
preceding the running loss test.

(3) If failure to start is caused by a
vehicle malfunction, corrective action
of less than 30 minutes duration may
be taken (according to § 86.090–25), and
the test continued, provided that the
ambient conditions to which the vehi-
cle is exposed are maintained at 95±5 °F
(35±3 °C). When the engine starts, the

timing sequence of the driving sched-
ule shall begin. If failure to start is
caused by vehicle malfunction and the
vehicle cannot be started, the test
shall be voided, the vehicle removed
from the dynamometer, and corrective
action may be taken according to
§ 86.090–25. The reason for the malfunc-
tion (if determined) and the corrective
action taken shall be reported to the
Administrator.

(4) Provisions of § 86.136–90(e) shall
apply.

(e) Pressure checks. No pressure
checks of the evaporative system shall
be allowed. Under no circumstances
will any changes/repairs to the evapo-
rative emissions control system be al-
lowed.

(f) Temperature stabilization. Imme-
diately after the hot transient exhaust
emission test, the vehicle shall be
soaked in a temperature controlled
area for a maximum of 6 hours until
the fuel temperature is stabilized. The
fuel may be heated or cooled to sta-
bilize fuel temperatures, but the fuel
heating rate must not exceed 5 °F in
any 1-hour interval during the soak pe-
riod. A manufacturer may use a faster
heating rate or a longer period for sta-
bilizing fuel temperatures if the needed
heating cannot be easily accomplished
in the 6-hour period, subject to Admin-
istrator approval.

(1) Fuel temperatures must be held at
95± 3 °F for at least one hour before the
start of the running loss test.

(2) If a vehicle’s fuel temperature
profile has an initial temperature
lower than 95 °F, as described in
§ 86.129–94(d)(7)(v), the fuel in the test
vehicle must be stabilized to within 3
°F of that temperature for at least one
hour before the start of the running
loss test.

(g) Running loss test. The running loss
test may be conducted either by the
enclosure method, or by the point-
source method.

(1) Enclosure method. (i) The running
loss enclosure shall be purged for sev-
eral minutes immediately prior to the
test. WARNING: If at any time the con-
centration of hydrocarbons, of meth-
anol, or of methanol and hydrocarbons
exceeds 15,000 ppm C the enclosure
should be immediately purged. This
concentration provides at least a 4:1
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safety factor against the lean flam-
mability limit.

(ii) The FID hydrocarbon analyzer
shall be zeroed and spanned imme-
diately prior to the test.

(iii) If not already on, the running
loss enclosure mixing fan(s) shall be
turned on at this time. Throughout the
test, the mixing fan(s) shall circulate
the air at a rate of at least 1.0 cfm per
cubic foot of ambient volume.

(iv) The test vehicle, with the engine
off, shall be moved onto the dynamom-
eter in the running loss enclosure. The
vehicle engine compartment cover
shall be unlatched, but closed as much
as possible, allowing for the air intake
equipment specified in paragraph
(g)(1)(vii) of this section. The vehicle
engine compartment cover may be
closed if alternate routing is found for
the air intake equipment. Any win-
dows, doors, and luggage compart-
ments shall be closed. A window may
be opened to direct cooling air into the
passenger compartment of the vehicle,
if the vehicle is not equipped with its
own air conditioning.

(v) Fans shall be positioned as de-
scribed in §§ 86.107–96 (d) and (h).

(vi) The vehicle air conditioning sys-
tem (if so equipped) shall be set to the
‘‘normal’’ air conditioning mode and
adjusted to the minimum discharge air
temperature and high fan speed. Vehi-
cles equipped with automatic tempera-
ture controlled air conditioning sys-
tems shall be set to operate in ‘‘auto-
matic’’ temperature and fan modes
with the system set at 72 °F.

(vii) Connect the air intake equip-
ment to the vehicle, if applicable. This
connection shall be made to minimize
leakage.

(viii) The temperature and pressure
recording systems shall be started.
Measurement of vapor temperature is
optional during the running loss test.
If vapor temperature is not measured,
fuel tank pressure need not be meas-
ured.

(ix) Turn off purge blowers (if not al-
ready off).

(x) The temperature of the liquid fuel
shall be monitored and recorded at
least every 15 seconds with the tem-
perature recording system specified in
§ 86.107–96(e).

(xi) Close and seal the enclosure
doors.

(xii) When the ambient temperature
is 95±5 °F (35±3 °C) and the fuel has been
stabilized according to paragraph (f) of
this section, the running loss test may
begin. Measure the initial ambient
temperature and pressure.

(A) Analyze enclosure atmosphere for
hydrocarbons and record. This is the
initial (time=0 minutes) hydrocarbon
concentration, CHCi, required in § 86.143.
Hydrocarbon emissions may be sam-
pled continuously during the test pe-
riod.

(B) Analyze the enclosure atmos-
phere for methanol, if applicable, and
record. The methanol sampling must
start simultaneously with the initi-
ation of the hydrocarbon analysis and
continue for 4.0±0.5 minutes. This is the
initial (time=0 minutes) methanol con-
centration, CCH3OHi, required in § 86.143.
Record the time elapsed during this
analysis. If the 4-minute sample period
is inadequate to collect a sample of
sufficient concentration to allow accu-
rate GC analysis, rapidly collect the
methanol sample in a bag and then
bubble the bag sample through the
impingers at the specified flow rate.
The time elapsed between collection of
the bag sample and flow through the
impingers should be minimized to pre-
vent any losses.

(xiii) Start the engine and begin op-
eration of the vehicle over the drive
cycle specified in paragraph (b) of this
section.

(xiv) The ambient temperature shall
be maintained at 95±5 °F (95±2 °F on av-
erage) during the running loss test,
measured at the inlet to the cooling
fan in front of the vehicle; it shall be
recorded at least every 60 seconds.

(xv) The fuel temperature during the
dynamometer drive shall be controlled
to match the fuel tank temperature
profile determined in § 86.129. Measured
fuel temperatures must be within ±3 °F
of the target profile throughout the
test run. Vapor temperatures, if meas-
ured, must be within ±5 °F of the target
profile during the first 4186 seconds of
the running loss test, and within ±3 °F
for the remaining 120 seconds of the
test run. For any vehicle complying
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with the test standards, vapor tem-
peratures may be higher than the spec-
ified tolerances without invalidating
test results. For testing by the Admin-
istrator, vapor temperatures may be
lower than the specified tolerances
without invalidating test results. If the
test vehicle has more than one fuel
tank, the temperatures for both fuel
tanks shall follow the target profiles
determined in § 86.129. The control sys-
tem shall be tuned and operated to pro-
vide smooth and continuous tank tem-
perature profiles that are representa-
tive of the on-road profiles.

(xvi) Tank pressure shall not exceed
10 inches of water at any time during
the running loss test unless a pressur-
ized system is used and the manufac-
turer demonstrates that vapor would
not be vented to the atmosphere upon
fuel cap removal. A vehicle may exceed
the pressure limit for temporary peri-
ods during the running loss test, up to
10 percent of the total driving time,
provided that the vehicle has dem-
onstrated conformance with the pres-
sure limit during the entire outdoor
driving period specified in § 86.129.
Measurement of fuel tank pressures
will be considered valid only if vapor
temperatures are measured and con-
trolled to the tolerances specified in
paragraph (g)(1)(xv) of this section.

(xvii) The FID (or HFID) hydrocarbon
analyzer shall be zeroed and spanned
immediately prior the end of the test.

(xviii) Fresh impingers shall be in-
stalled in the methanol collection sys-
tem immediately prior to the end of
the test, if applicable.

(xix) The running loss test ends with
the completion of the third 2-minute
idle period.

(xx) At the end of the running loss
test:

(A) Analyze the enclosure atmos-
phere for hydrocarbons and record.
This is the final hydrocarbon con-
centration, CHCf, required in § 86.143.

(B) Analyze the enclosure atmos-
phere for methanol, if applicable, and
record. The methanol sampling must
start prior to the end of the test and
continue for 4.0±0.5 minutes. The meth-
anol sampling must be completed with-
in 2 minutes after the end of the run-
ning loss test. This is the final meth-
anol concentration, CCH3OHf, required in

§ 86.143. Record the time elapsed during
this analysis. If the 4-minute sample
period is inadequate to collect a sam-
ple of sufficient concentration to allow
accurate GC analysis, rapidly collect
the methanol sample in a bag and then
bubble the bag sample through the
impingers at the specified flow rate.
The time elapsed between collection of
the bag sample and flow through the
impingers should be minimized to pre-
vent any losses.

(C) Turn off all the fans specified in
§ 86.107–96(d). Also, the time that the
vehicle’s engine compartment cover is
open for removal of air intake equip-
ment, if applicable, shall be minimized
to avoid loss of heat from the engine
compartment.

(xxi) Turn off any CVS apparatus (if
not already turned off).

(2) Point-source method. (i) The test
vehicle, with the engine off, shall be
moved onto the dynamometer. The ve-
hicle engine compartment cover and
any windows, doors, and luggage com-
partments shall be closed.

(ii) Fans shall be positioned as de-
scribed in §§ 86.135–90(b) and 86.107–96(d).

(iii) The running loss vapor vent col-
lection system shall be properly posi-
tioned at the potential fuel vapor vents
or leaks of the vehicle’s fuel system.
Typical vapor vents for current fuel
systems are the ports of the evapo-
rative emission canister and the pres-
sure relief vent of the fuel tank (typi-
cally integrated into the fuel tank
cap).

(iv) The running loss vapor vent col-
lection system may be connected to a
PDP–CVS or CFV–CVS bag collection
system. Otherwise, running loss vapors
shall be sampled continuously with
analyzers meeting the requirements of
§ 86.107–96(b).

(v) Fans shall be positioned as de-
scribed in § 86.107–96(d).

(vi) The vehicle air conditioning sys-
tem (if so equipped) shall be set to the
‘‘normal’’ air conditioning mode and
adjusted to the minimum discharge air
temperature and high fan speed. Vehi-
cles equipped with automatic tempera-
ture controlled air conditioning sys-
tems shall be set to operate in ‘‘auto-
matic’’ temperature and fan modes
with the system set at 72 °F.
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(vii) The temperature and pressure
recording systems shall be started.
Measurement of vapor temperature is
optional during the running loss test.
If vapor temperature is not measured,
fuel tank pressure need not be meas-
ured.

(viii) The temperature of the liquid
fuel shall be monitored and recorded at
least every 15 seconds with the tem-
perature recording system specified in
§ 86.107–96(e).

(ix) When the ambient temperature is
95±5 °F (35±3 °C) and the fuel tank tem-
perature is 95±3 °F the running loss test
may begin.

(x) The ambient temperature shall be
maintained at 95±5 °F (95±2 °F on aver-
age) during the running loss test,
measured at the inlet to the cooling
fan in front of the vehicle; it shall be
recorded at least every 60 seconds.

(xi) Fuel temperatures shall be con-
trolled according to the specifications
of paragraph (g)(1)(xv) of this section.

(xii) The tank pressure requirements
described in paragraph (g)(1)(xvi) of
this section apply also to running loss
testing by the point source method.

(xiii) The running loss test ends with
completion of the third 2-minute idle
period.

(xiv) If emissions are collected in
bags, the sample bags must be analyzed
within 20 minutes of their respective
sample collection phases, as described
in § 86.137–94(b)(15). The results of the
analysis are used in § 86.143 to calculate
the mass of hydrocarbons emitted.

(xv) At the end of the running loss
test, turn off all the fans specified in
§ 86.107–96(d).

(h) Following the completion of the
running loss drive, the vehicle may be
tested for hot soak emissions as speci-
fied in § 86.138–96.

[58 FR 16040, Mar. 24, 1993, as amended at 59
FR 48510, Sept. 21, 1994; 60 FR 43896, Aug. 23,
1995]

§ 86.135–00 Dynamometer procedure.
Section 86.135–00 includes text that

specifies requirements that differ from
§86.135–90 and § 86.135–94. Where a para-
graph in § 86.135–90 or § 86.135–94 is iden-
tical and applicable to § 86.135–00, this
may be indicated by specifying the cor-
responding paragraph and the state-
ment ‘‘[Reserved]. For guidance see

§ 86.135–90.’’ or ‘‘[Reserved]. For guid-
ance see § 86.135–94.’’

(a) [Reserved]. For guidance see
§ 86.135–94.

(b) through (c) [Reserved]. For guid-
ance see § 86.135–90.

(d) Practice runs over the prescribed
driving schedule may be performed at
test point, provided an emission sample
is not taken, for the purpose of finding
the appropriate throttle action to
maintain the proper speed-time rela-
tionship, or to permit sampling system
adjustment. Both smoothing of speed
variations and excessive accelerator
pedal perturbations are to be avoided.
When using two-roll dynamometers a
truer speed-time trace may be obtained
by minimizing the rocking of the vehi-
cle in the rolls; the rocking of the vehi-
cle changes the tire rolling radius on
each roll. This rocking may be mini-
mized by restraining the vehicle hori-
zontally (or nearly so) by using a cable
and winch.

(e) through (i) [Reserved]. For guid-
ance see § 86.135–90.

[61 FR 54894, Oct. 22, 1996]

§ 86.135–90 Dynamometer procedure.
(a) Overview—(1) Gasoline-fueled and

methanol-fueled Otto-cycle vehicles. The
dynamometer run consists of two tests,
a ‘‘cold’’ start test after a minimum 12-
hour and a maximum 36-hour soak ac-
cording to the provisions of §§ 86.132
and 86.133, and a ‘‘hot’’ start test fol-
lowing the ‘‘cold’’ start test by 10 min-
utes. Engine startup (with all acces-
sories turned off), operation over the
UDDS and engine shutdown make a
complete cold start test. Engine start-
up and operation over the first 505 sec-
onds of the driving schedule complete
the hot start test. The exhaust emis-
sions are diluted with ambient air and
a continuously proportional sample is
collected for analysis during each
phase. The composite samples collected
in bags are analyzed for hydrocarbon,
carbon monoxide, carbon dioxide, and
oxides of nitrogen. A parallel sample of
the dilution air is similarly analyzed
for hydrocarbon, carbon monoxide, car-
bon dioxide, and oxides of nitrogen.
Methanol and formaldehyde samples
(exhaust and dilution air) are collected
and analyzed for methanol-fueled vehi-
cles (a single dilution air formaldehyde
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sample covering the total time of the
test may be collected in place of three
individual samples). Methanol and
formaldehyde samples may be omitted
for 1990 through 1994 model years when
a FID calibrated on methanol is used.

(2) Petroleum-fueled and methanol-
fueled diesel vehicles. The dynamometer
run consists of two tests, a ‘‘cold’’ start
test after a minimum 12-hour and a
maximum 36-hour soak according to
the provisions of §§ 86.132 and 86.133, and
a ‘‘hot’’ start test following the ‘‘cold’’
start by 10 minutes. Engine startup
(with all accessories turned off), oper-
ation over the UDDS, and engine shut-
down make a complete cold start test.
Engine startup and operation over the
first 505 seconds of the driving schedule
complete the hot start test. The ex-
haust emissions are diluted with ambi-
ent air in the dilution tunnel as shown
in Figure B90–5 and Figure B90–6. Six
particulate samples are collected on
filters for weighing; the first sample
plus back-up is collected during the
first 505 seconds of the cold start test;
the second sample plus back-up is col-
lected during the remainder of the cold
start test (including shutdown); the
third sample plus back-up is collected
during the hot start test. Continuous
proportional samples of gaseous emis-
sions are collected for analysis during
each test phase. For petroleum-fueled
vehicles, the composite samples col-
lected in bags are analyzed for carbon
monoxide, carbon dioxide, and oxides
of nitrogen. Hydrocarbons from petro-
leum-fueled vehicles are sampled and
analyzed continuously according to the
provisions of § 86.110. Parallel samples
of the dilution air are similarly ana-
lyzed for hydrocarbon, carbon mon-
oxide, carbon dioxide, and oxides of ni-
trogen. For methanol-fueled vehicles,
bag samples are collected and analyzed
for hydrocarbons, carbon monoxide,
carbon dioxide, and oxides of nitrogen.
Methanol and formaldehyde samples
are taken for both exhaust emissions
and dilution air (a single dilution air
formaldehyde sample, covering the
total test period may be collected).
Methanol and formaldehyde samples
may be omitted for 1990 through 1994
model years when an FID calibrated on
methanol is used. Parallel bag samples
of dilution air are analyzed for hydro-

carbons, carbon monoxide, carbon diox-
ide, and oxides of nitrogen.

(b) During dynamometer operation, a
fixed speed cooling fan shall be posi-
tioned so as to direct cooling air to the
vehicle in an appropriate manner with
the engine compartment cover open. In
the case of vehicles with front engine
compartments, the fan shall be square-
ly positioned within 12 inches (30.5 cen-
timeters) of the vehicle. In the case of
vehicles with rear engine compart-
ments (or if special designs make the
above impractical), the cooling fan
shall be placed in a position to provide
sufficient air to maintain vehicle cool-
ing. The fan capacity shall normally
not exceed 5300 cfm (2.50 m3/s). If, how-
ever, the manufacturer can show that
during field operation the vehicle re-
ceives additional cooling, and that
such additional cooling is needed to
provide a representative test, the fan
capacity may be increased or addi-
tional fans used if approved in advance
by the Administrator.

(c) The vehicle speed as measured
from the dynamometer rolls shall be
used. A speed vs. time recording, as evi-
dence of dynamometer test validity,
shall be supplied on request of the Ad-
ministrator.

(d) Practice runs over the prescribed
driving schedule may be performed at
test point, provided an emission sample
is not taken, for the purpose of finding
the minimum throttle action to main-
tain the proper speed-time relation-
ship, or to permit sampling system ad-
justment.

NOTE: When using two-roll dynamometers
a truer speed-time trace may be obtained by
minimizing the rocking of the vehicle in the
rolls; the rocking of the vehicle changes the
tire rolling radius on each roll. This rocking
may be minimized by restraining the vehicle
horizontally (or nearly so) by using a cable
and winch.

(e) The drive wheel tires may be in-
flated up to a gauge pressure of 45 psi
(310 kPa) in order to prevent tire dam-
age. The drive wheel tire pressure shall
be reported with the test results.

(f) lf the dynamometer has not been
operated during the 2-hour period im-
mediately preceding the test, it shall
be warmed up for 15 minutes by operat-
ing at 30 mph (48 kph) using a non-test
vehicle or as recommended by the dy-
namometer manufacturer.
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(g) If the dynamometer horsepower
must be adjusted manually, it shall be
set within 1 hour prior to the exhaust
emissions test phase. The test vehicle
shall not be used to make this adjust-
ment. Dynamometers using automatic
control of preselectable power settings
may be set anytime prior to the begin-
ning of the emissions test.

(h) The driving distance, as measured
by counting the number of dynamom-
eter roll or shaft revolutions, shall be
determined for the transient cold start,
stabilized cold start, and transient hot
start phases of the test. The revolu-
tions shall be measured on the same
roll or shaft used for measuring the ve-
hicle’s speed.

(i) Four-wheel drive vehicles will be
tested in a two-wheel drive mode of op-
eration. Full-time four-wheel drive ve-
hicles will have one set of drive wheels
temporarily disengaged by the vehicle
manufacturer. Four-wheel drive vehi-
cles which can be manually shifted to a
two-wheel mode will be tested in the
normal on-highway two-wheel drive
mode of operation.

[54 FR 14529, Apr. 11, 1989]

§ 86.135–94 Dynamometer procedure.
Section 86.135–94 includes text that

specifies requirements that differ from
§86.135–90. Where a paragraph in
§ 86.135–90 is identical and applicable to
§ 86.135–94, this may be indicated by
specifying the corresponding paragraph
and the statement ‘‘[Reserved]. For
guidance see § 86.135–90.’’ Where a cor-
responding paragraph of § 86.135–90 is
not applicable, this is indicated by the
statement ‘‘[Reserved].’’

(a) Overview. The dynamometer run
consists of two tests, a ‘‘cold’’ start
test, after a minimum 12-hour and a
maximum 36-hour soak according to
the provisions of §§ 86.132 and 86.133, and
a ‘‘hot’’ start test following the ‘‘cold’’
start by 10 minutes. Engine startup
(with all accessories turned off), oper-
ation over the UDDS and engine shut-
down make a complete cold start test.
Engine startup and operation over the
first 505 seconds of the driving schedule
complete the hot start test. The ex-
haust emissions are diluted with ambi-
ent air in the dilution tunnel as shown
in Figure B94–5 and Figure B94–6. A di-
lution tunnel is not required for test-

ing vehicles waived from the require-
ment to measure particulates. Six par-
ticulate samples are collected on fil-
ters for weighing; the first sample plus
backup is collected during the first 505
seconds of the cold start test; the sec-
ond sample plus backup is collected
during the remainder of the cold start
test (including shutdown); the third
sample plus backup is collected during
the hot start test. Continuous propor-
tional samples of gaseous emissions are
collected for analysis during each test
phase. For gasoline-fueled, natural gas-
fueled and liquefied petroleum gas-
fueled Otto-cycle vehicles, the compos-
ite samples collected in bags are ana-
lyzed for THC, CO, CO2, CH4 and NOX.
For petroleum-fueled diesel-cycle vehi-
cles (optional for natural gas-fueled,
liquefied petroleum gas-fueled and
methanol-fueled diesel-cycle vehicles),
THC is sampled and analyzed continu-
ously according to the provisions of
§ 86.110. Parallel samples of the dilution
air are similarly analyzed for THC, CO,
CO2, CH4 and NOX. For natural gas-
fueled, liquefied petroleum gas-fueled
and methanol-fueled vehicles, bag sam-
ples are collected and analyzed for THC
(if not sampled continuously), CO, CO2,
CH4 and NOX. For methanol-fueled ve-
hicles, methanol and formaldehyde
samples are taken for both exhaust
emissions and dilution air (a single di-
lution air formaldehyde sample, cover-
ing the total test period may be col-
lected). Parallel bag samples of dilu-
tion air are analyzed for THC, CO, CO2,
CH4 and NOX. Methanol and formalde-
hyde samples may be omitted for 1990
through 1994 model years when a FID
calibrated on methanol is used.

(b) through (i) [Reserved]. For guid-
ance see § 86.135–90.

[56 FR 25775, June 5, 1991, as amended at 59
FR 48510, Sept. 21, 1994]

§ 86.136–90 Engine starting and re-
starting.

(a) Otto-cycle vehicles. Paragraph (a)
of this section applies to Otto-cycle ve-
hicles.

(1) The engine shall be started ac-
cording to the manufacturer’s rec-
ommended starting procedures in the
owner’s manual. The initial 20-second
idle period shall begin when the engine
starts.
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(2) Choke operation: (i) Vehicles
equipped with automatic chokes shall
be operated according to the manufac-
turer’s operating instructions in the
owner’s manual, including choke set-
ting and ‘‘kick-down’’ from cold fast
idle.

(ii) Vehicles equipped with manual
chokes shall be operated according to
the manufacturer’s operating instruc-
tions in the owner’s manual.

(3) The transmission shall be placed
in gear 15 seconds after the engine is
started. If necessary, braking may be
employed to keep the drive wheels
from turning.

(4) The operator may use the choke,
accelerator pedal, etc., where necessary
to keep the engine running.

(5) If the manufacturer’s operating
instructions in the owner’s manual do
not specify a warm engine starting pro-
cedure, the engine (automatic and
manual-choke engines) shall be started
by depressing the accelerator pedal
about half way and cranking the en-
gine until it starts.

(b) Diesel vehicles. The engine shall be
started according to the manufacturers
recommended starting procedures in
the owners manual. The initial 20-sec-
ond idle period shall begin when the en-
gine starts. The transmission shall be
placed in gear 15 seconds after the en-
gine is started. If necessary, braking
may be employed to keep the drive
wheels from turning.

(c) If the vehicle does not start after
the manufacturer’s recommended
cranking time (or 10 continuous sec-
onds in the absence of a manufacturer’s
recommendation), cranking shall cease
for the period recommended by the
manufacturer (or 10 seconds in the ab-
sence of a manufacturer’s rec-
ommendation). This may be repeated
for up to three start attempts. If the
vehicle does not start after three at-
tempts, the reason for failure to start
shall be determined. The gas flow
measuring device on the constant vol-
ume sampler (usually a revolution
counter) or CFV (and the hydrocarbon
integrator and particulate sampling
system when testing petroleum-fueled
diesel vehicles and the particulate
sampling system when testing meth-
anol-fueled diesel vehicles, see § 86.137)
shall be turned off and the sampler se-

lector valves, including the methanol
sampler, placed in the ‘‘standby’’ posi-
tion during this diagnostic period. In
addition, either the CVS should be
turned off, or the exhaust tube discon-
nected from the tailpipe during the di-
agnostic period. If failure to start is an
operational error, the vehicle shall be
rescheduled for testing from a cold
start.

(d) If the engine ‘‘false starts’’ the
operator shall repeat the recommended
starting procedure (such as resetting
the choke, etc.).

(e) Stalling: (1) If the engine stalls
during an idle period, the engine shall
be restarted immediately and the test
continued. If the engine cannot be
started soon enough to allow the vehi-
cle to follow the next acceleration as
prescribed, the driving schedule indica-
tor shall be stopped. When the vehicle
restarts, the driving schedule indicator
shall be reactivated.

(2) If the engine stalls during some
operating mode other than idle, the
driving schedule indicator shall be
stopped, the vehicle shall then be re-
started and accelerated to the speed re-
quired at that point in the driving
schedule and the test continued. Dur-
ing acceleration to this point, shifting
shall be performed in accordance with
§ 86.128.

(3) If the vehicle will not restart
within one minute, the test shall be
voided, the vehicle removed from the
dynamometer, corrective action taken,
and the vehicle rescheduled for test.
The reason for the malfunction (if de-
termined) and the corrective action
taken shall be reported to the Adminis-
trator.

[54 FR 14530, Apr. 11, 1989, as amended at 58
FR 16042, Mar. 24, 1993; 59 FR 48510, Sept. 21,
1994]

§ 86.137–90 Dynamometer test run, gas-
eous and particulate emissions.

(a) General—(1) Gasoline-fueled and
methanol-fueled Otto-cycle vehicles. The
vehicle shall be allowed to stand with
the engine turned off for a period of not
less than 12 hours or more than 36
hours before the cold start exhaust
emission test. The cold start exhaust
test shall follow the diurnal breathing
loss test by not more than one hour.
The vehicle shall be stored prior to the
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emission test in such a manner that
precipitation (e.g., rain or dew) does
not occur on the vehicle. The complete
dynamometer test consists of a cold
start drive of 7.5 miles (12.1 km) and
simulates a hot start drive of 7.5 miles
(12.1 km). The vehicle is allowed to
stand on the dynamometer during the
10 minute time period between the cold
and hot start tests. The cold start test
is divided into two periods. The first
period, representing the cold start
‘‘transient’’ phase, terminates at the
end of the deceleration which is sched-
uled to occur at 505 seconds of the driv-
ing schedule. The second period, rep-
resenting the ‘‘stabilized’’ phase, con-
sists of the remainder of the driving
schedule including engine shutdown.
The hot start test, similarly, consists
of two periods. The first period, rep-
resenting the hot start ‘‘transient’’
phase, terminates at the same point in
driving schedule as the first period of
the cold start test. The second period
of the hot start test, ‘‘stabilized’’
phase, is assumed to be identical to the
second period of the cold start test.
Therefore, the hot start test termi-
nates after the first period (505 sec-
onds) is run.

(2) Petroleum-fueled and methanol-
fueled diesel vehicles. The vehicle shall
be allowed to stand with the engine
turned off for a period of not less than
12 hours or more than 36 hours before
the cold start exhaust emission test.
The vehicle shall be stored prior to the
emission test in such a manner that
precipitation (e.g., rain or dew) does
not occur on the vehicle. The complete
dynamometer test consists of a cold
start drive of 7.5 miles (12.1 km), and
simulates a hot start drive of 7.5 miles
(l2.1 km). The vehicle is allowed to
stand on the dynamometer during the
10 minute time period between the cold
and hot start tests. The cold start test
is divided into two periods. The first
period, representing the cold start
‘‘transient’’ phase, terminates at the
end of the deceleration which is sched-
uled to occur at 505 seconds of the driv-
ing schedule. The second period, rep-
resenting the ‘‘stabilized’’ phase, con-
sists of the remainder of the driving
schedule including engine shutdown.
The hot start test, similarly, consists
of two periods. The first period, rep-

resenting the start of the ‘‘transient’’
phase, terminates at the same point in
the driving schedule as the first period
of the cold start test. The second pe-
riod of the hot start test, ‘‘stabilized’’
phase, is assumed to be identical to the
second period of the cold start test.
Therefore, the hot start test termi-
nates after the first period (505 sec-
onds) is run.

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

(1) Place drive wheels of vehicle on
dynamometer without starting engine.

(2) Open the vehicle engine compart-
ment cover and position the cooling
fan.

(3) For all vehicles, with the sample
selector valves in the ‘‘standby’’ posi-
tion, connect evacuated sample collec-
tion bags to the dilute exhaust and di-
lution air sample collection systems.

(4) For methanol-fueled vehicles,
with the sample selector valves in the
‘‘standby’’ position, insert fresh sample
collection impingers into the methanol
sample collection system, the form-
aldehyde sample collection system and
fresh impingers (or capsules for form-
aldehyde) into the dilution air sample
collection systems for methanol and
formaldehyde (may be omitted for 1990
through 1994 model years).

(5) Start the CVS (if not already on),
the sample pumps (except the diesel
particulate sample pump, if applica-
ble), the temperature recorder, the ve-
hicle cooling fan, and the heated hy-
drocarbon analysis recorder (diesels
only). (The heat exchanger of the con-
stant volume sampler, if used, petro-
leum-fueled diesel hydrocarbon ana-
lyzer continuous sample line and filter,
methanol-fueled vehicle hydrocarbon,
methanol and formaldehyde sample
lines, if applicable, should be preheated
to their respective operating tempera-
tures before the test begins.)

(6) Adjust the sample flow rates to
the desired flow rate and set the gas
flow measuring devices to zero.

(i) For gaseous bag samples (except
hydrocarbon samples), the minimum
flow rate is 0.17 cfm (0.08 1/sec).

(ii) For hydrocarbon samples, the
minimum FID (or HFID in the case of
diesel- and methanol-fueled Otto-cycle
vehicles) flow rate is 0.066 cfm (0.031 1/
sec).
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(iii) For methanol samples, the mini-
mum flow rate is 0.14 cfm (0.067 1/sec).

(iv) For formaldehyde samples, the
minimum flow rate is 0.036 cfm (0.017 l/
s) with capsule collector and 0.14 cfm
(0.067 l/s) with impinger.

NOTE: CFV sample flow rate is fixed by the
venturi design.

(7) Attach the exhaust tube to the ve-
hicle tailpipe(s).

(8) Carefully install a particulate
sample filter into each of the filter
holders for diesel vehicle tests. The fil-
ters must be handled only with forceps
or tongs. Rough or abrasive filter han-
dling will result in erroneous weight
determination.

(9) Start the gas flow measuring de-
vice, position the sample selector
valves to direct the sample flow into
the ‘‘transient’’ exhaust sample bag,
the ‘‘transient’’ methanol exhaust sam-
ple, the ‘‘transient’’ formaldehyde ex-
haust sample, the ‘‘transient’’ dilution
air sample bag, the ‘‘transient’’ meth-
anol dilution air sample and the ‘‘tran-
sient’’ formaldehyde dilution air sam-
ple (turn on the petroleum-fueled die-
sel hydrocarbon analyzer system inte-
grator, mark the recorder chart, start
particulate sample pump No. 1, and
record both gas meter or flow measure-
ment instrument readings, if applica-
ble), turn the key on, and start crank-
ing the engine.

(10) Fifteen seconds after the engine
starts, place the transmission in gear.

(11) Twenty seconds after the engine
starts, begin the initial vehicle accel-
eration of the driving schedule.

(12) Operate the vehicle according to
the Urban Dynamometer Driving
Schedule (§ 86.115).

NOTE: During diesel vehicle testing, adjust
the flow rate through the particulate sample
probe to maintain a constant value within ±5
percent of the set flow rate. Record the aver-
age temperature and pressure at the gas
meter or flow instrument inlet. If the set
flow rate cannot be maintained because of
high particulate loading on the filter, the
test shall be terminated. The test shall be
rerun using a lower flow rate, or larger diam-
eter filter, or both.

(13) At the end of the deceleration
which is scheduled to occur at 505 sec-
onds, simultaneously switch the sam-
ple flows from the ‘‘transient’’ bags
and samples to the ‘‘stabilized’’ bags

and samples, switch off gas flow meas-
uring device No. 1, switch off the No. 1
petroleum-fueled diesel hydrocarbon
integrator and the No. 1 particulate
sample pump, mark the petroleum-
fueled diesel hydrocarbon recorder
chart, and close valves isolating partic-
ulate filter No. 1, if applicable, and
start gas flow measuring device No. 2,
and start the petroleum-fueled diesel
hydrocarbon integrator No. 2 and the
No. 2 particulate sample pump and
open valves isolating particulate filter
No. 2, if applicable. Before the accel-
eration which is scheduled to occur at
510 seconds, record the measured roll or
shaft revolutions and reset the counter
or switch to a second counter. As soon
as possible transfer the ‘‘transient’’ ex-
haust and dilution air samples to the
analytical system and process the sam-
ples according to § 86.140 obtaining a
stabilized reading of the bag exhaust
sample on all analyzers within 20 min-
utes of the end of the sample collection
phase of the test. Obtain methanol and
formaldehyde sample analyses, if appli-
cable, within 24 hours of the end of the
sample collection phase of the test.

(14) Turn the engine off 2 seconds
after the end of the last deceleration
(at 1,369 seconds).

(15) Five seconds after the engine
stops running, simultaneously turn off
gas flow measuring device No. 2 and if
applicable, turn off the petroleum-
fueled diesel hydrocarbon integrator
No. 2, mark the hydrocarbon recorder
chart, turn off the No. 2 particulate
sample pump and close the valves iso-
lating particulate filter No. 2, and posi-
tion the sample selector valves to the
‘‘standby’’ position (and open the
valves isolating particulate filter No. 1,
if applicable). Record the measured roll
or shaft revolutions (both gas meter or
flow measurement instrumentation
readings), and re-set the counter. As
soon as possible, transfer the ‘‘sta-
bilized’’ exhaust and dilution air sam-
ples to the analytical system and proc-
ess the samples according to § 86.140,
obtaining a stabilized reading of the
exhaust bag sample on all analyzers
within 20 minutes of the end of the
sample collection phase of the test. Ob-
tain methanol and formaldehyde sam-
ple analyses, if applicable, within 24
hours of the end of the sample period.
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If applicable, carefully remove both
pairs of particulate sample filters from
their respective holders, and place each
in a separate petri dish, and cover.

(16) Immediately after the end of the
sample period, turn off the cooling fan
and close the engine compartment
cover.

(17) Turn off the CVS or disconnect
the exhaust tube from the tailpipe(s) of
the vehicle.

(18) Repeat the steps in paragraphs
(b)(2) through (b)(2) of this section for
the hot start test, except only two
evacuated sample bags, two methanol
sample impingers, two formaldehyde
sample impingers, and one pair of par-
ticulate sample filters, as appropriate,
are required. The step in paragraph
(b)(9) of this section shall begin be-
tween 9 and 11 minutes after the end of
the sample period for the cold start
test.

(19) At the end of the deceleration
which is scheduled to occur at 505 sec-
onds, simultaneously turn off gas flow
measuring device No. 1 (and the petro-
leum-fueled diesel hydrocarbon inte-
grator No. 1, mark the petroleum-
fueled diesel hydrocarbon recorder
chart and turn off the No. 1 particulate
sample pump, if applicable) and posi-
tion the sample selector valve to the
‘‘standby’’ position. (Engine shutdown
is not part of the hot start test sample
period.) Record the measured roll or
shaft revolutions (and the No. 1 gas
meter reading or flow measurement in-
strument). (Carefully remove the third
pair of particulate sample filters from
its holder and place in a clean petri
dish and cover, if applicable.)

(20) As soon as possible, transfer the
hot start ‘‘transient’’ exhaust and dilu-
tion air samples to the analytical sys-
tem and process the samples according
to § 86.140, obtaining a stabilized read-
ing of the exhaust bag sample on all
analyzers within 20 minutes of the end
of the sample collection phase of the
test. Obtain methanol and formalde-
hyde sample analyses, if applicable,
within 24 hours of the end of the sam-
ple period. (If it is not possible to per-
form analysis on the methanol and
formaldehyde samples, within 24 hours,
the samples should be stored in a dark
cold (4–10 °C) environment until analy-

sis. The samples should be analyzed
within fourteen days.)

(21) As soon as possible, and in no
case longer than one hour after the end
of the hot start phase of the test,
transfer the six particulate filters to
the weighing chamber for post-test
conditioning, if applicable.

(22) Disconnect the exhaust tube
from the vehicle tailpipe(s) and drive
the vehicle from dynamometer.

(23) The CVS or CFV may be turned
off, if desired.

(24) Vehicles to be tested for evapo-
rative emissions will proceed according
to § 86.138. For all others this completes
the test sequence.

[54 FR 14530, Apr. 11, 1989, as amended at 60
FR 34347, June 30, 1995]

§ 86.137–94 Dynamometer test run, gas-
eous and particulate emissions.

Section 86.137–94 includes text that
specifies requirements that differ from
§86.137–90. Where a paragraph in
§ 86.137–90 is identical and applicable to
§ 86.137–94, this may be indicated by
specifying the corresponding paragraph
and the statement ‘‘[Reserved]. For
guidance see § 86.137–90.’’ Where a cor-
responding paragraph of § 86.137–90 is
not applicable, this is indicated by the
statement ‘‘[Reserved].’’

(a) General. The dynamometer run
consists of two tests, a cold start test,
after a minimum 12-hour and a maxi-
mum 36-hour soak according to the
provisions of § 86.132, and a hot start
test following the cold start test by 10
minutes. The vehicle shall be stored
prior to the emission test in such a
manner that precipitation (e.g., rain or
dew) does not occur on the vehicle. The
complete dynamometer test consists of
a cold start drive of 7.5 miles (12.1 km)
and simulates a hot start drive of 7.5
miles (12.1 km). The vehicle is allowed
to stand on the dynamometer during
the 10 minute time period between the
cold and hot start tests. The cold start
test is divided into two periods. The
first period, representing the cold start
‘‘transient’’ phase, terminates at the
end of the deceleration which is sched-
uled to occur at 505 seconds of the driv-
ing schedule. The second period, rep-
resenting the ‘‘stabilized’’ phase, con-
sists of the remainder of the driving
schedule including engine shutdown.
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The hot start test, similarly, consists
of two periods. The first period, rep-
resenting the hot start ‘‘transient’’
phase, terminates at the same point in
driving schedule as the first period of
the cold start test. The second period
of the hot start test, ‘‘stabilized’’
phase, is assumed to be identical to the
second period of the cold start test.
Therefore, the hot start test termi-
nates after the first period (505 sec-
onds) is run.

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

(1) Place drive wheels of vehicle on
dynamometer without starting engine.

(2) Open the vehicle engine compart-
ment cover and position the cooling
fan.

(3) For all vehicles, with the sample
selector valves in the ‘‘standby’’ posi-
tion, connect evacuated sample collec-
tion bags to the dilute exhaust and di-
lution air sample collection systems.

(4) For methanol-fueled vehicles,
with the sample selector valves in the
‘‘standby’’ position, insert fresh sample
collection impingers into the methanol
sample collection system, fresh
impingers or a fresh cartridge into the
formaldehyde sample collection system
and fresh impingers (or a single car-
tridge for formaldehyde) into the dilu-
tion air sample collection systems for
methanol and formaldehyde (back-
ground measurements of methanol and
formaldehyde may be omitted and con-
centrations assumed to be zero for cal-
culations in § 86.144).

(5) Start the CVS (if not already on),
the sample pumps (except the particu-
late sample pump, if applicable), the
temperature recorder, the vehicle cool-
ing fan, and the heated THC analysis
recorder (diesel-cycle only). (The heat
exchanger of the constant volume sam-
pler, if used, petroleum-fueled diesel-
cycle THC analyzer continuous sample
line and filter, methanol-fueled vehicle
THC, methanol and formaldehyde sam-
ple lines, if applicable, should be
preheated to their respective operating
temperatures before the test begins).

(6) Adjust the sample flow rates to
the desired flow rate and set the gas
flow measuring devices to zero.

(i) For gaseous bag samples (except
THC samples), the minimum flow rate
is 0.17 cfm (0.08 1/sec).

(ii) For THC samples, the minimum
FID (or HFID in the case of diesel-cycle
and methanol-fueled Otto-cycle vehi-
cles) flow rate is 0.066 cfm (0.031 1/sec).

(iii) For methanol samples, the flow
rates shall be set such that the system
meets the design criteria of § 86.109 and
§ 86.110. For samples in which the con-
centration in the primary impinger ex-
ceeds 0.5 mg/l, it is recommended that
the mass of methanol collected in the
secondary impinger not exceed ten per-
cent of the total mass collected. For
samples in which the concentration in
the primary impinger does not exceed
0.5 mg/l, analysis of the secondary
impingers is not necessary.

(iv) For formaldehyde samples, the
flow rates shall be set such that the
system meets the design criteria of
§ 86.109 and § 86.110. For impinger sam-
ples in which the concentration of
formaldehyde in the primary impinger
exceeds 0.1 mg/l, it is recommended
that the mass of formaldehyde col-
lected in the secondary impinger not
exceed ten percent of the total mass
collected. For samples in which the
concentration in the primary impinger
does not exceed 0.1 mg/l, analysis of the
secondary impingers is not necessary.

(7) Attach the exhaust tube to the ve-
hicle tailpipe(s).

(8) Carefully install a particulate
sample filter into each of the filter
holders. The filters must be handled
only with forceps or tongs. Rough or
abrasive filter handling will result in
erroneous weight determination.

(9) Start the gas flow measuring de-
vice, position the sample selector
valves to direct the sample flow into
the ‘‘transient’’ exhaust sample bag,
the ‘‘transient’’ methanol exhaust sam-
ple, the ‘‘transient’’ formaldehyde ex-
haust sample, the ‘‘transient’’ dilution
air sample bag, the ‘‘transient’’ meth-
anol dilution air sample and the ‘‘tran-
sient’’ formaldehyde dilution air sam-
ple (turn on the petroleum-fueled die-
sel-cycle THC analyzer system integra-
tor, mark the recorder chart, start par-
ticulate sample pump No. 1, and record
both gas meter or flow measurement
instrument readings, if applicable),
turn the key on, and start cranking the
engine.

(10) Fifteen seconds after the engine
starts, place the transmission in gear.
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(11) Twenty seconds after the engine
starts, begin the initial vehicle accel-
eration of the driving schedule.

(12) Operate the vehicle according to
the Urban Dynamometer Driving
Schedule (§ 86.115).

NOTE: During particulate testing, adjust
the flow rate through the particulate sample
probe to maintain a constant value within
≤5 percent of the set flow rate. Record the
average temperature and pressure at the gas
meter or flow instrument inlet. If the set
flow rate cannot be maintained because of
high particulate loading on the filter, the
test shall be terminated. The test shall be
rerun using a lower flow rate, or larger diam-
eter filter, or both.

(13) At the end of the deceleration
which is scheduled to occur at 505 sec-
onds, simultaneously switch the sam-
ple flows from the ‘‘transient’’ bags
and samples to the ‘‘stabilized’’ bags
and samples, switch off gas flow meas-
uring device No. 1, switch off the No. 1
petroleum-fueled diesel hydrocarbon
integrator and the No. 1 particulate
sample pump, mark the petroleum-
fueled diesel hydrocarbon recorder
chart, and close valves isolating partic-
ulate filter No. 1, if applicable, start
gas flow measuring device No. 2, and
start the petroleum-fueled diesel hy-
drocarbon integrator No. 2 and the No.
2 particulate sample pump and open
valves isolating particulate filter No. 2,
if applicable. Before the acceleration
which is scheduled to occur at 510 sec-
onds, record the measured roll or shaft
revolutions and reset the counter or
switch to a second counter. As soon as
possible transfer the ‘‘transient’’ ex-
haust and dilution air samples to the
analytical system and process the sam-
ples according to § 86.140 obtaining a
stabilized reading of the bag exhaust
sample on all analyzers within 20 min-
utes of the end of the sample collection
phase of the test. Obtain methanol and
formaldehyde sample analyses, if appli-
cable, within 24 hours of the end of the
sample collection phase of the test.

(14) Turn the engine off 2 seconds
after the end of the last deceleration
(at 1,369 seconds).

(15) Five seconds after the engine
stops running, simultaneously turn off
gas flow measuring device No. 2 and if
applicable, turn off the hydrocarbon in-
tegrator No. 2, mark the hydrocarbon

recorder chart, turn off the No. 2 par-
ticulate sample pump and close the
valves isolating particulate filter No. 2,
and position the sample selector valves
to the ‘‘standby’’ position (and open
the valves isolating particulate filter
No. 1, if applicable). Record the meas-
ured roll or shaft revolutions (both gas
meter or flow measurement instrumen-
tation readings), and reset the counter.
As soon as possible, transfer the ‘‘sta-
bilized’’ exhaust and dilution air sam-
ples to the analytical system and proc-
ess the samples according to § 86.140,
obtaining a stabilized reading of the
exhaust bag sample on all analyzers
within 20 minutes of the end of the
sample collection phase of the test. Ob-
tain methanol and formaldehyde sam-
ple analyses, if applicable, within 24
hours of the end of the sample period.
(If it is not possible to perform analysis
on the methanol and formaldehyde
samples within 24 hours, the samples
should be stored in a dark cold (4–10 °C)
environment until analysis. The sam-
ples should be analyzed within fourteen
days.) If applicable, carefully remove
both pairs of particulate sample filters
from their respective holders, and
place each in a separate petri dish, and
cover.

(b)(16) through (b)(24) [Reserved]. For
guidance see § 86.137–90.

[56 FR 25776, June 5, 1991, as amended at 60
FR 34347, June 30, 1995]

§ 86.137–96 Dynamometer test run, gas-
eous and particulate emissions.

Section 86.137–96 includes text that
specifies requirements that differ from
those specified in §§ 86.137–90 and 86.137–
94. Where a paragraph in § 86.137–90 or
§ 86.137–94 is identical and applicable to
§ 86.137–96, this may be indicated by
specifying the corresponding paragraph
and the statement ‘‘[Reserved]. For
guidance see § 86.137–90.’’ or ‘‘[Re-
served]. For guidance see § 86.137–94.’’

(a) through (b)(15) [Reserved]. For
guidance see § 86.137–94.

(b)(16) through (b)(23) [Reserved]. For
guidance see § 86.137–90.

(b)(24) Vehicles to be tested for evap-
orative emissions will proceed accord-
ing to § 86.134; vehicles to be tested
with the supplemental two-diurnal test
sequence for evaporative emissions will
proceed according to § 86.138–96(k). For
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all others this completes the test se-
quence.

[58 FR 16042, Mar. 24, 1993]

§ 86.138–90 Hot-soak test.
The hot-soak evaporative emission

test shall be conducted immediately
following the hot transient exhaust
emission test.

(a) Prior to the completion of the
hot-start transient exhaust emission
sampling period, the evaporative emis-
sion enclosure shall be purged for sev-
eral minutes.

(b) The enclosure doors shall be
closed and sealed within two minutes
of engine shutdown and within seven
minutes after the end of the exhaust
emission test. The steps after the end
of the driving cycle should be done as
quickly as possible to minimize the
time needed to start the hot soak test.

(c) Fresh impingers shall be installed
in the methanol sample collection sys-
tem immediately prior to the start of
the test, if applicable.

(d) If not already on, the evaporative
enclosure mixing fan shall be turned on
at this time.

(e) Upon completion of the hot tran-
sient exhaust emission sampling pe-
riod, the vehicle engine compartment
cover shall be closed, the cooling fan
shall be moved, the vehicle shall be dis-
connected from the dynamometer and
exhaust sampling system, and then
driven at minimum throttle to the ve-
hicle entrance of the enclosure.

(f) The vehicle’s engine must be
stopped before any part of the vehicle
enters the enclosure. The vehicle may
be pushed or coasted into the enclo-
sure.

(g) The test vehicle windows and lug-
gage compartments shall be opened, if
not already open.

(h) The temperature recording sys-
tem shall be started and the time of en-
gine shut off shall be noted on the
evaporative emission hydrocarbon re-
cording system.

(i) The enclosure doors shall be
closed and sealed within two minutes
of engine shutdown and within five
minutes after the end of the exhaust
emission test.

(j) The 60±0.5 minute hot soak begins
when the enclosure doors are sealed.
The enclosure atmosphere shall be ana-

lyzed for hydrocarbon and recorded.
This is initial (time = 0 minutes) hy-
drocarbon concentration, CHCi, for use
in calculating evaporative losses, see
§ 86.143. The ‘‘zero’’ time methanol sam-
ple shall be collected starting at the
same time as the hydrocarbon analysis
is started. Sampling should continue
for four minutes.

(k) The test vehicle shall be per-
mitted to soak for a period of one hour
in the enclosure.

(l) The FID (or HFID) hydrocarbon
analyzer shall be zeroed and spanned
immediately prior to the end of the
test.

(m) Fresh impingers shall be in-
stalled in the methanol collection sys-
tem immediately prior to the end of
the test, if applicable.

(n) At the end of the 60±0.5 minute
test period, again analyze the enclo-
sure atmosphere for hydrocarbons and
methanol, as described in § 86.l38–90(j),
and record time. These analyses pro-
vide the final (time = 60 minutes) hy-
drocarbon concentration, CHCf, and the
final methanol level for use in cal-
culating evaporative losses, see § 86.143.
This operation completes the evapo-
rative emission measurement proce-
dure.

(o) Alternate method for methanol sam-
pling. Since sample times of longer
than four minutes may be necessary in
order to collect an adequate and rep-
resentative sample of methanol at the
end of a test (when SHED concentra-
tions are usually increasing rapidly), it
may be necessary to rapidly collect the
methanol sample in a bag and then
bubble the bag sample through the
impingers at the specified flow rate.
The time elapsed between collection of
the bag sample and flowing through
the impingers should be minimized in
order to prevent any losses. This alter-
native must be adopted if the four
minute sample period is inadequate to
collect a sample of sufficient con-
centration to allow accurate GC analy-
sis.

[54 FR 14532, Apr. 11, 1989, as amended at 58
FR 16042, Mar. 24, 1993; 60 FR 43897, Aug. 23,
1995]

§ 86.138–96 Hot soak test.
(a)(1) Gasoline- and methanol-fueled ve-

hicles. For gasoline- and methanol-
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fueled vehicles, the hot soak test shall
be conducted immediately following
the running loss test. However, sam-
pling of emissions from the running
loss test is not required as preparation
for the hot soak test.

(2) Gaseous-fueled vehicles. Since gase-
ous-fueled vehicles are not required to
perform a running loss test, the hot
soak test shall be conducted within
seven minutes after completion of the
hot start exhaust test.

(b) The hot soak test may be con-
ducted in the running loss enclosure as
a continuation of that test or in a sepa-
rate enclosure.

(1) If the hot soak test is conducted
in the running loss enclosure, the driv-
er may exit the enclosure after the
running loss test. If exiting, the driver
should use the personnel door described
in § 86.107–96(a)(2), exiting as quickly as
possible with a minimum disturbance
to the system. The final hydrocarbon
and methanol concentration for the
running loss test, measured in § 86.134–
96(g)(1)(xx), shall be the initial hydro-
carbon and methanol concentration
(time=0 minutes) CHCi and CCH3OHi, for
the hot soak test.

(2) If the vehicle must be moved to a
different enclosure, the following steps
must be taken:

(i) The enclosure for the hot soak
test shall be purged for several minutes
prior to completion of the running loss
test. WARNING: If at any time the
concentration of hydrocarbons, of
methanol, or of methanol and hydro-
carbons exceeds 15,000 ppm C the enclo-
sure should be immediately purged.
This concentration provides at least a
4:1 safety factor against the lean flam-
mability limit.

(ii) The FID hydrocarbon analyzer
shall be zeroed and spanned imme-
diately prior to the test.

(iii) Fresh impingers shall be in-
stalled in the methanol sample collec-
tion system immediately prior to the
start of the test, if applicable.

(iv) If not already on, the mixing
fan(s) shall be turned on at this time.
Throughout the hot soak test, the mix-
ing fan(s) shall circulate the air at a
rate of 0.8±0.2 cfm per cubic foot of the
nominal enclosure volume.

(v) Begin sampling as follows:

(A) Analyze the enclosure atmos-
phere for hydrocarbons and record.
This is the initial (time = 0 minutes)
hydrocarbon concentration, CHCi, re-
quired in § 86.143. Hydrocarbon emis-
sions may be sampled continuously
during the test period.

(B) Analyze the enclosure atmos-
phere for methanol, if applicable, and
record. The methanol sampling must
start simultaneously with the initi-
ation of the hydrocarbon analysis and
continue for 4.0±0.5 minutes. This is the
initial (time=0 minutes) methanol con-
centration, CCH3OHi, required in § 86.143.
Record the time elapsed during this
analysis. If the 4-minute sample period
is inadequate to collect a sample of
sufficient concentration to allow accu-
rate GC analysis, rapidly collect the
methanol sample in a bag and then
bubble the bag sample through the
impingers at the specified flow rate.
The time elapsed between collection of
the bag sample and flow through the
impingers should be minimized to pre-
vent any losses.

(vi) The vehicle engine compartment
cover shall be closed (if not already
closed), the cooling fan shall be moved,
the vehicle shall be disconnected from
the dynamometer and any sampling
system, and then driven at minimum
throttle to the enclosure for the hot
soak test. These steps should be done
as quickly as possible to minimize the
time needed to start the hot soak test.

(vii) The vehicle’s engine must be
stopped before any part of the vehicle
enters the enclosure.

(viii) The vehicle shall enter the en-
closure; the enclosure doors shall be
closed and sealed within 2 minutes of
engine shutdown and within seven min-
utes after the end of the running loss
test.

(ix) The test vehicle windows and any
luggage compartments shall be opened
(if not already open). The vehicle en-
gine compartment cover shall be closed
(if not already closed).

(c) [Reserved]
(d) The temperature recording sys-

tem shall be started and the time of en-
gine shutoff shall be noted on the evap-
orative emission hydrocarbon data re-
cording system.

(e) For the first 5 minutes of the hot
soak test, the ambient temperature
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shall be maintained at 95±10 °F. For the
remainder of the hot soak test, the am-
bient temperature shall be maintained
at 95±5 °F (95±2 °F on average).

(f) The 60±0.5 minute hot soak begins
when the enclosure doors are sealed (or
when the running loss test ends, if the
hot soak test is conducted in the run-
ning loss enclosure).

(g) The FID (or HFID) hydrocarbon
analyzer shall be zeroed and spanned
immediately prior to the end of the
test.

(h) Fresh impingers shall be installed
in the methanol collection system im-
mediately prior to the end of the test,
if applicable.

(i) [Reserved]
(j) At the end of the 60±0.5 minute

test period:
(1) Analyze the enclosure atmosphere

for hydrocarbons and record. This is
the final (time=60 minutes) hydro-
carbon concentration, CHCf, required in
§ 86.143.

(2) Analyze the enclosure atmosphere
for methanol and record, if applicable.
The methanol sampling must start si-
multaneously with the initiation of the
hydrocarbon analysis and continue for
4.0±0.5 minutes. This is the final
(time=60 minutes) methanol concentra-
tion, CCH3OHf, required in § 86.143. Record
the time elapsed during this analysis.
If the 4-minute sample period is inad-
equate to collect a sample of sufficient
concentration to allow accurate GC
analysis, rapidly collect the methanol
sample in a bag and then bubble the
bag sample through the impingers at
the specified flow rate. The time
elapsed between collection of the bag
sample and flow through the impingers
should be minimized to prevent any
losses.

(k) For the supplemental two-diurnal
test sequence (see § 86.130–96), the hot
soak test described in § 86.138–90 shall
be conducted immediately following
the hot transient exhaust emission
test. This test requires ambient tem-
peratures between 68° and 86 °F at all
times. The equipment and calibration
specifications of §§ 86.107–90 and 86.117–
90 may apply for this testing. Enclo-
sures meeting the requirements of
§§ 86.107–96 and 86.117–96 may also be
used. This hot soak test is followed by

two consecutive diurnal heat builds,
described in § 86.133–96(p).

(l) If the vehicle is to be tested for di-
urnal emissions, follow the procedure
outlined in § 86.133–96.

[58 FR 16042, Mar. 24, 1993, as amended at 59
FR 48510, Sept. 21, 1994; 60 FR 43897, Aug. 23,
1995]

§ 86.139–90 Particulate filter handling
and weighing.

(a) At least 8 hours, but not more
than 56 hours before the test, place
each filter in an open, but protected,
petri dish and place in the weighing
chamber which meets the humidity and
temperature specifications of § 86.112.

(b) At the end of the 8 to 56 hour sta-
bilization period, weigh the filter on a
balance having a precision of one
microgram. Record this weight. This
reading is the tare weight.

(c) The filter shall then be stored in
a covered petri dish which shall remain
in the weighing chamber until needed
for testing.

(d)(1) If the filter is not used within
one hour of its removal from the
weighing chamber, it shall be re-
weighed.

(2) The one hour limit may be re-
placed by an eight-hour limit if one or
both of the following conditions are
met:

(i) A stabilized filter is placed and
kept in a sealed filter holder assembly
with the ends plugged, or

(ii) A stabilized filter is placed in a
sealed filter holder assembly, which is
then immediately placed in a sample
line through which there is no flow.

(e) After the test, and after the sam-
ple filter is returned to the weighing
room, condition it for at least 1 hour
but not more than 56 hours. Then
weigh a second time. This latter read-
ing is the gross weight of the filter.
Record this weight.

(f) The net weight (Pe) is the gross
weight minus the tare weight.

NOTE: Should the sample on the filter con-
tact the petri dish or any other surface, the
test is void and must be rerun.

[54 FR 14532, Apr. 11, 1989]
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§ 86.140–82 Exhaust sample analysis.
The following sequence of operations

shall be performed in conjunction with
each series of measurement Y:

(a) For CO, CO2, NOX and gasoline
HC:

(1) Zero the analyzers and obtain a
stable zero reading. Recheck after
tests.

(2) Introduce span gases and set in-
strument gains. In order to avoid er-
rors, span and calibrate at the same
flow rates used to analyze the test
sample. Span gases should have con-
centrations equal to 75 to 100 percent of
full scale. If gain has shifted signifi-
cantly on the analyzers, check the cali-
brations. Show actual concentrations
on chart.

(3) Check zeros; repeat the procedure
in paragraphs (a) (1) and (2) of this sec-
tion if required.

(4) Check flow rates and pressures.
(5) Measure HC, CO, CO2 and NOX

concentrations of samples.
(6) Check zero and span points. If dif-

ference is greater than 2 percent of full

scale, repeat the procedure in para-
graphs (a) (1) through (5) of this sec-
tion.

(b) For diesel HC:
(1) Zero HFID analyzer and obtain a

stable zero reading.
(2) Introduce span gas and set instru-

ment gains. Span gas should have con-
centration equal to 75 to 100 percent of
full scale.

(3) Check zero as in paragraph (b)(1)
of this section.

(4) Introduction of zero and span gas
into the analyzer can be accomplished
by either of the following methods:

(i) Close heated valve in HC sample
(see Figures B82–3 or B82–4), and allow
gases to enter HFID. Extreme care
should be taken not to introduce gases
under high pressure.

(ii) Connect zero and span line di-
rectly to HC sample probe and intro-
duce gases at a flow rate greater than
125 percent of the HFID flow rate with
the CVS blower operating (see figures
B82–3A or B82–4A). Excess flow must be
allowed to exit probe inlet.
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NOTE: In order to minimize errors, HFID
flow rate and pressure during zero and span
(and background bag reading) must be ex-
actly the same as that used during testing.

(5) Continuously record (integrate
electronically if desired) dilute hydro-
carbon emissions levels during test.
Background samples are collected in

sample bags and analyzed as in para-
graph (4)(i) or (4)(ii) of this section.

(6) Check zero and span as in para-
graph (b)(1) through (b)(4)(i) or (4)(ii) of
this section. If difference is greater
than 2 percent of full scale, void test
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and check for HC ‘‘hangup’’ or elec-
tronic drift in analyzer.

[45 FR 14520, Mar. 5, 1980, as amended at 54
FR 2122, Jan. 19, 1989]

§ 86.140–90 Exhaust sample analysis.
The following sequence of operations

shall be performed in conjunction with
each series of measurements:

(a) For CO, CO2, NOX, and for Otto-
cycle and methanol-fueled diesel vehi-
cle HC:

(1) Zero the analyzers and obtain a
stable zero reading. Recheck after
tests.

(2) Introduce span gases and set in-
strument gains. In order to avoid er-
rors, span and calibrate at the same
flow rates used to analyze the test
sample. Span gases should have con-
centrations equal to 75 to 100 percent of
full scale. If gain has shifted signifi-
cantly on the analyzers, check the cali-
brations. Show actual concentrations
on chart.

(3) Check zeroes; repeat the proce-
dure in paragraphs (1) and (2) of this
section if required.

(4) Check flow rates and pressures.
(5) Measure HC, CO, CO2, and NOX

concentrations of samples.
(6) Check zero and span points. If dif-

ference is greater than 2 percent of full
scale, repeat the procedure in para-
graphs (a) (1) through (5) of this sec-
tion.

(b) For petroleum-fueled diesel vehi-
cle HC:

(1) Zero HFID analyzer and obtain a
stable zero reading.

(2) Introduce span gas and set instru-
ment gains. Span gas should have con-
centration equal to 75 to 100 percent of
full scale.

(3) Check zero as in (b)(1) of this sec-
tion.

(4) Introduction of zero and span gas
into the analyzer can be accomplished
by either of the following methods:

(i) Close heated valve in HC sample
(see Figures B90–5 or B90–6), and allow
gases to enter HFID. Extreme care
should be taken not to introduce gases
under high pressure.

(ii) Connect zero and span line di-
rectly to HC sample probe and intro-
duce gases at a flow rate greater than
125 percent of the HFID flow rate with
the CVS blower operating (see Figures

B90–5 or B90–6). Excess flow must be al-
lowed to exit probe inlet.

NOTE: In order to minimize errors, HFID
flow rate and pressure during zero and span
(and background bag reading) must be ex-
actly the same as that used during testing.

(5) Continuously record (integrate
electronically if desired) dilute hydro-
carbon emissions levels during test.
Background samples are collected in
sample bags and analyzed as in para-
graphs (b)(4) (i) or (ii) of this section.

(6) Check zero and span as in para-
graphs (b)(1) through (b)(4) (i) or (ii) of
this section. If difference is greater
than 2 percent of full scale, void test
and check for HC ‘‘hangup’’ or elec-
tronic drift in analyzer.

(c) For CH30H (methanol-fueled vehi-
cles):

(1) Introduce a reference sample of
methanol (the concentration of meth-
anol in deionized water is known and is
CMR in the calculations) into the gas
chromatograph and measure the area
of the response peak This reference
sample peak area is AMR in the calcula-
tions.

(2) Introduce test samples into the
gas chromatograph and measure the
area of the response peak. This peak
area is AMS in the calculations.

(d) For HCHO (methanol-fueled vehi-
cles):

(1) Introduce a reference sample of
formaldehyde (the concentration of
formaldehyde as a dinitrophenyl-
hydrazine derivative in acetonitrile is
known (CFR)) into the high pressure liq-
uid chromatograph (HPLC) and meas-
ure the area of the response peak. This
reference sample peak area is AFR in
the calculations.

(2) Introduce test samples into the
high pressure liquid chromatograph
and measure the area of the responses
peak. This peak area is AFS in the cal-
culations.

[54 FR 14533, Apr. 11, 1989]

§ 86.140–94 Exhaust sample analysis.

The following sequence shall be per-
formed in conjunction with each series
of measurements:

(a) For CO, CO2, CH4, NOX, and for
Otto-cycle and methanol-fueled, natu-
ral gas-fueled and liquefied petroleum
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gas-fueled (if non-heated FID option is
used) diesel vehicle HC:

(1) Zero the analyzers and obtain a
stable zero reading. Recheck after
tests.

(2) Introduce span gases and set in-
strument gains. In order to avoid er-
rors, span and calibrate at the same
flow rates used to analyze the test
sample. Span gases should have con-
centrations equal to 75 to 100 percent of
full scale. If gain has shifted signifi-
cantly on the analyzers, check the cali-
brations. Show actual concentrations
on chart.

(3) Check zeroes; repeat the proce-
dure in paragraphs (a) (1) and (2) of this
section if required.

(4) Check flow rates and pressures.
(5) Measure THC, CO, CO2, CH4, and

NOX concentrations of samples.
(6) Check zero and span points. If dif-

ference is greater than 2 percent of full
scale, repeat the procedure in para-
graphs (a) (1) through (5) of this sec-
tion.

(b) For petroleum-fueled, natural
gas-fueled and liquefied petroleum gas-
fueled (if HFID is used) diesel vehicle
HC:

(1) Zero HFID analyzer and obtain a
stable zero reading.

(2) Introduce span gas and set instru-
ment gains. Span gas should have con-
centration equal to 75 to 100 percent of
full scale.

(3) Check zero as in paragraph (b)(1)
of this section.

(4) Introduction of zero and span gas
into the analyzer can be accomplished
by either of the following methods:

(i) Close heated valve in THC sample
(see Figures B94–5 or B94–6) and allow
gases to enter HFID. Extreme care
should be taken not to introduce gases
under high pressure.

(ii) Connect zero and span line di-
rectly to THC sample probe and intro-
duce gases at a flow rate greater than
125 percent of the HFID flow rate with
the CVS blower operating (see Figures
B94–5 or B94–6). Excess flow must be al-
lowed to exit probe inlet.

NOTE: In order to minimize errors, HFID
flow rate and pressure during zero and span
(and background bag reading) must be ex-
actly the same as that used during testing.

(5) Continuously record (integrate
electronically if desired) dilute THC

emission levels during test. Back-
ground samples are collected in sample
bags and analyzed as in paragraphs
(b)(4) (i) or (ii) of this section.

(6) Check zero and span as in para-
graphs (b) (1) through (4) of this sec-
tion. If difference is greater than 2 per-
cent of full scale, void test and check
for THC ‘‘hangup’’ or electronic drift in
analyzer.

(c) For CH3OH (methanol-fueled vehi-
cles), introduce test samples into the
gas chromatograph and measure the
concentration. This concentration is
CMS in the calculations.

(d) For HCHO (methanol-fueled vehi-
cles), introduce formaldehyde test sam-
ples into the high pressure liquid chro-
matograph and measure the concentra-
tion of formaldehyde as a dinitro-
phenylhydrazine derivative in acetoni-
trile. This concentration is CFS in the
calculations.

(e) For CH4 analysis:
(1) In the event that the procedure

results in negative NMHCwm values (as
may occur with high methane frac-
tions), any negative NMHCwm value
whose absolute value is less than 10
percent of the NMHC standard shall be
rounded to zero. Negative NMHCwm val-
ues whose absolute value is more than
10 percent of the NMHC standard shall
require sample remeasurement. If the
10 percent criterion cannot be met
after remeasurement, the test will be
void.

(2) Other sampling procedures may be
used if shown to yield equivalent or su-
perior results and if approved in ad-
vance by the Administrator.

[56 FR 25777, June 5, 1991, as amended at 59
FR 48510, Sept. 21, 1994; 60 FR 34347, June 30,
1995]

§ 86.142–90 Records required.
The following information shall be

recorded with respect to each test:
(a) Test number.
(b) System or device tested (brief de-

scription).
(c) Date and time of day for each part

of the test schedule.
(d) Test results.
(e) Driver and equipment operator

IDs.
(f) Vehicle: ID number, manufac-

turer, model year, standards, engine
family, evaporative emissions family,

VerDate 25<JUN>98 07:53 Jul 29, 1998 Jkt 179152 PO 00000 Frm 00488 Fmt 8010 Sfmt 8010 Y:\SGML\179152T.XXX pfrm03 PsN: 179152T



493

Environmental Protection Agency § 86.142–90

basic engine description (including dis-
placement, number of cylinders, turbo-
/supercharger used, and catalyst
usage), fuel system (including number
of carburetors, number of carburetor
barrels, fuel injection type, and fuel
tank(s) capacity and location), engine
code, gross vehicle weight rating, iner-
tia weight class, actual curb weight at
zero miles, actual road load at 50 mph
(80 kph), transmission configuration,
axle ratio, car line, system miles, idle
rpm, and drive wheel tire pressure, as
applicable.

(g) Dynamometer: Dynamometer ID,
inertia weight setting, indicated power
absorption setting, records to verify
compliance with the vehicle speed ver-
sus time requirements of the test, and
driving distance for each of the three
phases of the test, calculated from the
measured roll or shaft revolutions.

(h) Gas analyzers: Analyzer bench ID,
analyzer ranges, recordings of analyzer
output during zero, span, and sample
readings.

(i) Recorder charts: Test number,
date, vehicle ID, operator ID, and iden-
tification of the measurements re-
corded.

(j) Test cell barometric pressure, am-
bient temperature, and humidity.

NOTE: A central laboratory barometer may
be used: Provided, that individual test cell
barometric pressures are shown to be within
±0.1 percent of the barometric pressure at
the central barometer location.

(k) Temperatures: Records to verify
compliance with the ambient tempera-
ture requirements throughout the test
procedure and recordings of vehicle
fuel temperature(s) during the diurnal
test and of the enclosure temperatures
during the diurnal and hot soak tests.

(l) CFV–CVS: Total dilute exhaust
volume (Vmix) for each phase of the
exhaust test.

(m) PDP–CVS: Test measurements
required to calculate the Vmix. Total
dilute exhaust volume (Vmix) for each
phase of the exhaust test.

(n) The humidity of the dilution air.

NOTE: If conditioning columns are not used
(see §§ 86.122 and 86.144) this measurement
can be deleted. If the conditioning columns
are used and the dilution air is taken from
the test cell, the ambient humidity can be
used for this measurement.

(o) Additional records required for
diesel vehicles: (1) Pressure and tem-
perature of the dilute exhaust mixture
(and background air if sampled) at the
inlet to the gas meter used for particu-
late sampling.

(2) The temperature of the dilute ex-
haust mixture inside the dilution tun-
nel near the inlet of the particulate
probe.

(3) The temperature of the gas flow-
ing in the heated sample line before the
heated filter, and also before the HFID,
and the temperature of the control sys-
tem of the heated hydrocarbon detec-
tor.

(4) Gas meter or flow measurement
instrumentation readings at the start
of each sample period and at the end of
each sample period.

(5) The stabilized pre-test weight and
post-test weight of each particulate
sample and back-up filter.

(6) Continuous temperature and hu-
midity recording of the ambient air in
which the particulate filters were sta-
bilized.

(p) Additional required records for
methanol-fueled vehicles:

(1) Specification of the methanol-fuel
or methanol-fuel mixtures used during
the test.

(2) Volume of sample passed through
the methanol sampling system and the
volume of deionized water in each im-
pinger.

(3) The concentration of the GC anal-
yses of the test samples (methanol).

(4) Volume of sample passed through
the formaldehyde sampling system and
the volume of DNPH solution used.

(5) The concentration of the HPLC
analysis of the test sample (formalde-
hyde).

(6) The temperatures of the sample
lines before the HFID and the im-
pinger, the temperature of the exhaust
transfer duct (as applicable), and the
temperature of the control system of
the heated hydrocarbon detector.

(7) A continuous measurement of the
dew point of the raw and diluted ex-
haust. This requirement may be omit-
ted if the temperatures of all heated
lines are kept above 220 °F, or if the
manufacturer performs an engineering
analysis demonstrating that the tem-
perature of the heated systems remains
above the maximum dew point of the
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gas stream throughout the course of
the test.

(q) Additional required records for nat-
ural gas-fueled vehicles. Composition,
including all carbon containing com-
pounds; e.g. CO2, of the natural gas-fuel
used during the test. C1 and C2 com-
pounds shall be individually reported.
C3 and heavier hydrocarbons, and C6

and heavier compounds may be re-
ported as a group.

(r) Additional required records for lique-
fied petroleum gas-fueled vehicles. Com-
position of the liquefied petroleum gas-
fuel used during the test. Each hydro-
carbon compound present, through C4

compounds, shall be individually re-
ported. C5 and heavier hydrocarbons
may be reported as a group.

[54 FR 14533, Apr. 11, 1989, as amended at 58
FR 58422, Nov. 1, 1993; 59 FR 48510, Sept. 21,
1994; 60 FR 34348, June 30, 1995]

§ 86.143–90 Calculations; evaporative
emissions.

(a) The calculation of the net hydro-
carbon, methanol and hydrocarbon plus
methanol (total hydrocarbon equiva-
lent) mass change in the enclosure is
used to determine the diurnal and hot
soak mass emissions. The mass
changes are calculated from initial and
final hydrocarbon and methanol con-
centrations in ppm carbon, initial and
final enclosure ambient temperatures,
initial and final barometric pressures,
and net enclosure volume using the fol-
lowing equations:

(1) For methanol:

M V X
T

V T
C AV C AV

T

V T
C AV C AV

CH OH n
Ef

Ef SHEDf

MS f f MS f f

Ei

Ei SHEDi

MS i i MS i i

3 1 1 2 2

1 1 2 2

= ×
×( )

× ×( ) + ×( )[ ]

−
×( )

× ×( ) + ×( )[ ]

Where:
(i) MCH3OH = Methanol mass change, µ

g.
(ii) Vn = Net enclosure volume, ft3, as

determined by subtracting 50 ft3 (1.42
m3) (volume of vehicle with trunk and
windows open) from the enclosure vol-
ume. A manufacturer may use the
measured volume of the vehicle (in-
stead of the nominal 50 ft3) with ad-
vance approval by the Administrator:
Provided, the measured volume is de-
termined and used for all vehicles test-
ed by that manufacturer.

(iii) TE = Temperature of sample
withdrawn, °R.

(iv) VE = Volume of sample with-
drawn, ft3.

(v) TSHED = Temperature of SHED, °R
(vi) CMS = GC concentration of sam-

ple, µ g/ml.
(vii) AV = Volume of absorbing rea-

gent in impinger.
(viii) PB = Barometric pressure at

time of sampling, in. Hg.
(ix) i = Initial sample.
(x) f = Final sample.
(xi) 1 = First impinger.
(xii) 2 = Second impinger.
(2) For hydrocarbons:

M kV
C rC P

T

C rC P

THC n
HCf CH OHf Bf

f

HCi CH OHi Bi

i

= ×( ) −( )
−
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Where:
(i) MHC=Hydrocarbon mass change, g.
(ii) CHC=FID hydrocarbon concentra-

tion as ppm carbon including FID re-
sponse to methanol in the sample.

(iii) CCH3OH = Methanol concentration
as ppm carbon.

=
× ×

×
× ×( ) + ×( )[ ]

−1 501 10 3

1 1 2 2

. T

P V
C AV C AV

B E

S S

(iv) Vn=Net enclosure volume ft3 (m3),
as determined by subtracting 50 ft3

(1.42 m3) (volume of vehicle with trunk
and windows open) from the enclosure
volume. A manufacturer may use the
measured volume of the vehicle (in-
stead of the nominal 50 ft3) with ad-
vance approval by the Administrator:
Provided, the measured volume is de-
termined and used for all vehicles test-
ed by that manufacturer.

(v) r=FID response factor to meth-
anol.

(vi) PB=Barometric pressure, in Hg
(kPa).

(vii) T=Enclosure temperature,
°R(°K).

(viii) i=initial reading.
(ix) f=final reading.
(x) 1=First impinger.
(xi) 2=Second impinger.
(xii)(A) k=0.208 (12+H/C).
(B) For SI units, k=1.2 (12+H/C).

Where:
(xiii) H/C=hydrogen-carbon ratio.
(A) H/C=2.33 for diurnal emissions.
(B) H/C=2.2 for hot soak emissions.
(3) For total evaporative emissions:
Total Evaporative Emissions=Total

Diurnal Emissions+Total Hot Soak
Emissions

= + ×






+ + ×






M M M M gHC CH OH HC CH OH

14.3594

32 042
10

14.2284

32 042
106

3
6

3
. .

,

(b) The final reported results shall be
computed by summing the individual
evaporative emission results deter-
mined for the diurnal breathing-loss
test, running-loss test and the hot-soak
test.

[54 FR 14534, Apr. 11, 1989, as amended at 60
FR 34348, June 30, 1995]

§ 86.143–96 Calculations; evaporative
emissions.

(a) The following equations are used
to calculate the evaporative emissions

from gasoline- and methanol-fueled ve-
hicles, and for gaseous-fueled vehicles.

(b) Use the measurements of initial
and final concentrations to determine
the mass of hydrocarbons and meth-
anol emitted. For testing with pure
gasoline, methanol emissions are as-
sumed to be zero.

(1) For enclosure testing of diurnal,
hot soak, and running loss emissions:

(i) Methanol emissions:

M V
C AV C AV

V

C AV C AV

V
M MCH OH n

MS f f MS f f

E

MS i i MS i i

E
CH OH CH OH in

f i
3 3 3

1 1 2 2 1 1 2 2= ×
×( ) + ×( )











−
×( ) + ×( )











+ −( ),out ,

VerDate 25<JUN>98 07:53 Jul 29, 1998 Jkt 179152 PO 00000 Frm 00491 Fmt 8010 Sfmt 8006 Y:\SGML\179152T.XXX pfrm03 PsN: 179152T



496

40 CFR Ch. I (7–1–98 Edition)§ 86.143–96

Where:

(A) MCH3OH = Methanol mass change,
µ g.

(B) Vn = Net enclosure volume, ft3, as
determined by subtracting 50 ft3 (1.42
m3) (volume of vehicle with trunk and
windows open) from the enclosure vol-
ume. A manufacturer may use the
measured volume of the vehicle (in-
stead of the nominal 50 ft3) with ad-
vance approval by the Administrator:
Provided, the measured volume is de-
termined and used for all vehicles test-
ed by that manufacturer.

(C) [Reserved].
(D) VE=Volume of sample withdrawn,

ft3. Sample volumes must be corrected
for differences in temperature to be
consistent with determination of Vn,
prior to being used in the equation.

(E) [Reserved].
(F) CMS = GC concentration of sam-

ple, µ g/ml.
(G) AV = Volume of absorbing rea-

gent in impinger.
(H) PB = Barometric pressure at time

of sampling, in. Hg.
(I) i = Initial sample.
(J) f = Final sample.
(K) 1 = First impinger.
(L) 2 = Second impinger.
(M) MCH3OH,out=mass of methanol

exiting the enclosure, in the case of
fixed-volume enclosures for diurnal
emission testing, µ g.

(N) MCH3OH,in=mass of methanol enter-
ing the enclosure, in the case of fixed-
volume enclosures for diurnal emission
testing, µ g.

(ii) Hydrocarbon emissions:

M kV
C rC P

T

C rC P

T
M MHC n

HC CH OH B

f

HC CH OH B

i
HC out HC in

f f f i i i= ×( ) ×
−( )

−
−( )











+ −−10 4 3 3
, ,

Where,
(A) MHC=Hydrocarbon mass change,

g.
(B) CHC = FID hydrocarbon con-

centration as ppm including FID re-

sponse to methanol (or methane, as ap-
propriate) in the sample.

(C) CCH3OH = Methanol concentration
as ppm carbon.

= × ×
×

× ×( ) + ×( )[ ]
−1 501 10 3

1 1 2 2
. T

P V
C AV C AV

B E
S S

(D) Vn=Net enclosure volume ft3 (m3)
as determined by subtracting 50 ft3

(1.42 m3) (volume of vehicle with trunk
and windows open) from the enclosure
volume. A manufacturer may use the
measured volume of the vehicle (in-
stead of the nominal 50 ft3) with ad-
vance approval by the Administrator,
provided the measured volume is deter-
mined and used for all vehicles tested
by that manufacturer.

(E) r=FID response factor to meth-
anol.

(F) PB=Barometric pressure, in Hg
(Kpa).

(G) T=Enclosure temperature, °R(°K).
(H) i=initial reading.

(I) f=final reading.
(J) 1=First impinger.
(K) 2=Second impinger.
(L) Assuming a hydrogen to carbon

ratio of 2.3:
(1) k=2.97; and
(2) For SI units, k=17.16.
(M) MHC,out=mass of hydrocarbons

exiting the enclosure, in the case of
fixed-volume enclosures for diurnal
emission testing, g.

(N) MHC,in=mass of hydrocarbons en-
tering the enclosure, in the case of
fixed-volume enclosures for diurnal
emission testing, g.

(iii) For variable-volume enclosures,
defined in § 86.107(a)(1)(i), the following
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simplified form of the hydrocarbon
mass change equation may be used:

M
kP V

T
C rC C rCHC

B n
HC CH OH HC CH OHf f i i

=
×







 × −( ) − −( )[ ]

−10 4

3 3

(2) For running loss testing by the
point-source method, the mass emis-
sions of each test phase are calculated
below, then summed for a total mass
emission for the running loss test. If
emissions are continuously sampled,
the following equations can be used in
integral form.

(i) Methanol emissions:

MCH3OH=ρCH3OH Vmix×
(CCH3OH,rl¥CCH3OH,d)

Where,
(A) MCH3OH=methanol mass change,

µg.

(B) ρCH3,OH= 37.71 g/ft3, density of pure
vapor at 68 °F.

(C) Vmix=total dilute sample volume,
in ft3, calculated as appropriate for the
collection technique used.

(D) CCH3OH,rl=methanol concentration
of diluted running loss sample, in ppm
carbon equivalent.

(E) CCH3OH,d=methanol concentration
of dilution air, in ppm carbon equiva-
lent.

(ii) Hydrocarbon emissions:

MHC=ρHC Vmix10¥6×(CHC,rl¥CHC,d)

Where,
(A) MHC=hydrocarbon mass change, g.
(B) ρHC= 16.88 g/ft3, density of pure

vapor at 68 °F (for hydrogen to carbon
ratio of 2.3).

(C) Vmix=total dilute sample volume,
in ft3, calculated as appropriate for the
collection technique used.

(D) CHC,rl=hydrocarbon concentration
of diluted running loss sample, in ppm
carbon equivalent.

(E) CHC,d=hydrocarbon concentration
of dilution air, in ppm carbon equiva-
lent.

(c) Calculate the adjusted total mass
emissions for each test segment.

( )
.

1
14.3594

32 042
10 6

3
M M MDI HC CH OH

DI

= + ×






−

where MDI=mass emissions from the
diurnal emission test (see § 86.133), g.

( )
.

2
14.2284

32 042
10 6

3
M M MHS HC CH OH

HS

= + ×






−

where MHS=mass emissions from the
hot soak test (see § 86.138), g.
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( )
.

3
14.2284

32 042
10 6

3
M M MRL HC CH OH

RL

= + ×






−

where MRL=mass emissions from the
running loss test (see § 86.134), g.

(d)(1) For the full three-diurnal test
sequence, there are two final results to
report:

(i) The sum of the adjusted total
mass emissions for the diurnal and hot
soak tests (MDI+MHS); and

(ii) The adjusted total mass emis-
sions for the running loss test, on a
grams per mile basis=MRL/DRL, where
DRL=miles driven for the running loss
test (see § 86.134–96(c)(6)).

(2) For the supplemental two-diurnal
test sequence, there is one final result
to report: the sum of the adjusted total

mass emissions for the diurnal and hot
soak tests (MDI+MHS), described in
§§ 86.133–96(p) and 86.138–96(k), respec-
tively.

[58 FR 16043, Mar. 24, 1993, as amended at 59
FR 48510, Sept. 21, 1994; 60 FR 34348, June 30,
1995; 60 FR 43897, Aug. 23, 1995]

§ 86.144–90 Calculations; exhaust emis-
sions.

The final reported test results shall
be computed by use of the following
formula:

(a) For light-duty vehicles and light
duty trucks:

Y
Y Y

D D

Y Y

D Dwm
ct s

ct s

ht s

ht s

=
+
+







+
+
+







0 0 57.43 .

Where:
(1) Ywm=Weighted mass emissions of

each pollutant, i.e., HC, CO, NOX or
CO2, in grams per vehicle mile and if
appropriate, the weighted total hydro-
carbon equivalent mass in grams per
vehicle mile.

(2) Yct=Mass emissions as calculated
from the ‘‘transient’’ phase of the cold
start test, in grams per test phase.

(3) Yht=Mass emissions as calculated
from the ‘‘transient’’ phase of the hot
start test, in grams per test phase.

(4) Ys=Mass emissions as calculated
from the ‘‘stabilized’’ phase of the cold
start test, in grams per test phase.

(5) Dct=The measured driving distance
from the ‘‘transient’’ phase of the cold
start test, in miles.

(6) Dht=The measured distance from
the ‘‘transient’’ phase of the hot start
test, in miles.

(7) Ds=The measured driving distance
from the ‘‘stabilized’’ phase of the cold
start test, in miles.

(b) The mass of each pollutant for
each phase of both the cold start test
and the hot start test is determined
from the following:

(1) Hydrocarbon mass:
HCmass=Vmix×DensityHC×(HCconc/1,000,000)

(2) Oxides of nitrogen mass:
NOxmass=Vmix×DensityNO2×H×(NOxconc/

1,000,000)
(3) Carbon monoxide mass:

COmass=Vmix×DensityCO×(COconc/1,000,000)
(4) Carbon dioxide mass:

CO2mass=Vmix×DensityCO2×(CO2conc/100)
(5) Methanol mass:

CH3OHmass=Vmix×DensityCH3OH ×
(CH3OHconc/1,000,000)

(6) Formaldehyde mass:
HCHOmass=Vmix×DensityHCHO×(HCHOconc/

1,000,000)
(7) Total hydrocarbon equivalent

mass:
(i) THCE=
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HC CH OH HCHOMass mass mass+ ( ) + ( )13 8756

32 042

13 8756

30 0262
3

.

.

.

.

(c) Meaning of symbols:
(1)(i) HCmass=Hydrocarbon emissions,

in grams per test phase.
(ii) DensityHC=Density of hydro-

carbons is 16.33 g/ft3 (0.5768 kg/m3), as-
suming an average carbon to hydrogen
ratio of 1:1.85, at 68 °F (20 °C) and 760
mm Hg (101.3 kPa) pressure.

(iii)(A) HCconc=Hydrocarbon con-
centration of the dilute exhaust sample
corrected for background, in ppm car-
bon equivalent, i.e., equivalent propane
× 3.

(B) HCconc=HCe–HCd(1¥1/DF).

Where:
(iv)(A) HCe=Hydrocarbon concentra-

tion of the dilute exhaust sample or,
for diesel (or methanol-fueled vehicles,
if selected), average hydrocarbon con-
centration of the dilute exhaust sample
as calculated from the integrated HC
traces, in ppm carbon equivalent.

(B) HCe=FID HCe¥(r)CCH3OHe

(v) FID HCe=Concentration of hydro-
carbon plus methanol in dilute exhaust
as measured by the FID, ppm carbon
equivalent.

(vi) r=FID response to methanol.
(vii) CCH3OHe=Concentration of meth-

anol in dilute exhaust as determined
from the dilute exhaust methanol sam-
ple in ppm carbon. For vehicles not
fueled with methanol, CCH3OHe equals
zero.

(viii)(A) HCd=Hydrocarbon concentra-
tion of the dilution air as measured, in
ppm carbon equivalent.

(B) HCd=FID HCd¥(r)CCH3OHd

(ix) FID HCd=Concentration of hydro-
carbon plus methanol in dilution air as
measured by the FID, ppm carbon
equivalent.

(x) CCH3OHd=Concentration of meth-
anol in dilution air as determined from
dilution air methanol sample in ppm
carbon. For vehicles not fueled with
methanol, CCH3OHd equal zero.

(2)(i) NOXmass=Oxides of nitrogen
emissions, in grams per test phase.

(ii) DensityNO2=Density of oxides of
nitrogen is 54.16 g/ft3 (1.913 kg/m3) as-
suming they are in the form of nitro-

gen dioxide, at 68 °F (20 °C) and 760 mm
Hg (101.3kPa) pressure.

(iii)(A) NOxconc=Oxides of nitrogen
concentration of the dilute exhaust
sample corrected for background, in
ppm.

(B) NOxconc=NOxe¥NOxd(1¥(1/DF)).

Where:
(iv) NOxe=Oxides of nitrogen con-

centration of the dilute exhaust sample
as measured, in ppm.

(v) NOxd=Oxides of nitrogen con-
centration of the dilution air as meas-
ured, in ppm.

(3)(i) COmass=Carbon monoxide emis-
sions, in grams per test phase.

(ii) Densityco=Density of carbon mon-
oxide is 32.97 g/ft3 (1.164 kg/m3), at 68 °F
(20 °C) and 760 mm Hg (101.3 kPa) pres-
sure.

(iii)(A) COconc=Carbon monoxide con-
centration of the dilute exhaust sample
corrected for background, water vapor,
and CO2 extraction, in ppm.

(B) COconc=COe¥COd(1¥(1/DF)).

Where:
(iv)(A) COe=Carbon monoxide con-

centration of the dilute exhaust vol-
ume corrected for water vapor and car-
bon dioxide extraction, in ppm.

(B)
COe=(1¥0.01925CO2e¥0.000323R)COem for
petroleum fuel with hydrogen to car-
bon ratio of 1.85:1.

(C) COe=[1¥(0.01 +
0.005HCR)CO2e¥0.000323R]COem for
methanol fuel, where HCR is hydrogen-
to-carbon ratio as measured for the
fuel used.

(v) COem=Carbon monoxide con-
centration of the dilute exhaust sample
as measured, in ppm.

(vi) CO2e=Carbon dioxide concentra-
tion of the dilute exhaust sample, in
percent.

(vii) R=Relative humidity of the dilu-
tion air, in percent (see § 86.142(n)).

(viii)(A) COd=Carbon monoxide con-
centration of the dilution air corrected
for water vapor extraction, in ppm.

(B) COd=(1¥0.000323R)COdm.
Where:
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(ix) COdm=Carbon monoxide con-
centration of the dilution air sample as
measured, in ppm.

NOTE: If a CO instrument which meets the
criteria specified in § 86.111 is used and the
conditioninq column has been deleted, COem

must be substituted directly for COe and
COdm must be substituted directly for COd.

(4)(i) CO2mass=Carbon dioxide emis-
sions, in grams per test phase.

(ii) Density CO2=Density of carbon
dioxide is 51.81 g/ft3 (1.830 kg/m3), at 68
°F (20 °C) and 760 mm Hg (101.3 kPa)
pressure.

(iii)(A) CO2conc=Carbon dioxide con-
centration of the dilute exhaust sample
corrected for background, in percent.

(B) CO2conc=C02e¥CO2d(1¥(1/DF)).
Where:

(iv) CO2d=Carbon dioxide concentra-
tion of the dilution air as measured, in
percent.

(5)(i) CH3OHmass=Methanol emissions
corrected for background, in grams per
test phase.

(ii) DensityCH3OH=Density of meth-
anol is 37.71 g/ft3 (1.332 kg/m3), at 68 °F
(20 °C) and 760 mmHg (101.3kPa) pres-
sure.

(iii)(A) CH3OHconc=Methanol con-
centration of the dilute exhaust cor-
rected for background, ppm.

(B) CH3OHconc=C=CH3OHe¥CCH3OHd(1¥(1/
DF))
Where:

(iv)(A) CCH3OHe=Methanol concentra-
tion in the dilute exhaust, ppm.

(B)

C
C T A AV A AV

A P VCH OHe
CH OHR EM S S S S

CH OHR B EM
3

2
3 1 1 2 2

3

3 813 10
=

× × × ×( ) + ×( )[ ]
× ×

−.

(v)(A) CCH3OHd=Methanol concentra-
tion in the dilution air, ppm.

(B)

C
C T A AV A AV

A P VCH OHd
CH OHR DM D D D D

CH OHR B DM
3

2
3 1 1 2 2

3

3 813 10
=

× × × ×( ) + ×( )[ ]
× ×

−.

(vi) CCH3OHR=Concentration of meth-
anol in standard sample for calibration
of GC, µg/ml.

(vii) ACH3OHR=GC peak area of stand-
ard sample.

(viii) TEM=Temperature of methanol
sample withdrawn from dilute exhaust,
°R.

(ix) TDM=Temperature of methanol
sample withdrawn from dilution air,
°R.

(x) PB=Barometric pressure during
test, mm Hg.

(xi) VEM=Volume of methanol sample
withdrawn from dilute exhaust, ft3.

(xii) VDM=Volume of methanol sam-
ple withdrawn from dilution air, ft3.

(xiii) AS=GC peak area of sample
drawn from dilute exhaust.

(xiv) AD=GC peak area of sample
drawn from dilution air.

(xv) AVS=Volume of absorbing rea-
gent (deionized water) in impinger
through which methanol sample from
dilute exhaust is drawn, ml.

(xvi) AVD = Volume of absorbing rea-
gent (deionized water) in impinger
through which methanol sample from
dilution air is drawn, ml.

(6)(i) HCHOmass = Formaldehyde emis-
sions corrected for background, in
grams per test phase.

(ii) DensityHCHO = Density of form-
aldehyde is 35.36 g/ft3 (1.249 kg/m3), at 68
°F (20 °C) and 760 mmHg (101.3 kPa)
pressure.

(iii)(A) HCHOconc = Formaldehyde
concentration of the dilute exhaust
corrected for background, in ppm.

(B) HCHOconc = CHCHOe ¥ CHCHOd (1 ¥
(1/DF))
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Where:
(iv)(A) CHCHOe = Formaldehyde con-

centration in dilute exhaust, in ppm.

(B)

C
C V Q T

V PHCHOe
FDE AE EF

SE B

=
× × × × ×

×

−4 069 10 2.

(v)(A) CHCHOd = Formaldehyde con-
centration in dilution air in ppm.

(B)

C
C V Q T

V PHCHOd
FDA AA DF

SA B

=
× × × × ×

×

−4 069 10 2.

(vi) CFDE = Concentration of DNPH
derivative of formaldehyde from dilute
exhaust sample in sampling solution,
µg/ml.

(vii) VAE = Volume of sampling solu-
tion for dilute exhaust formaldehyde
sample, ml.

(viii)(A) Q = Ratio of molecular
weights of formaldehyde to its DNPH
derivative.

(B) Q = 0.1429.
(ix) TEF = Temperature of formalde-

hyde sample withdrawn from dilute ex-
haust, °R.

(x) VSE = Volume of formaldehyde
sample withdrawn from dilute exhaust,
ft3.

(xi) PB = Barometric pressure during
test, mm Hg.

(xii) CFDA = Concentration of DNPH
derivative of formaldehyde from dilu-
tion air sample in sampling solution,
µg/ml.

(xiii) VAA = Volume of sampling solu-
tion for dilution air formaldehyde sam-
ple, ml.

(xiv) TDF = Temperature of formalde-
hyde sample withdrawn from dilution
air, °R.

(xv) VSA = Volume of formaldehyde
sample withdrawn from dilution air,
ft3.

(7)(i) DF = 13.4/[CO2e + (HCe + COe)
10¥ 4] for petroleum-fueled vehicles.

(ii)

DF

X
x y x y z

CO HC CO C Ce e e CH OHe HCHOe

=
+ + + −







+ + + +( ) −

100
2 3 76 4 2

102
4

3

/ . ( / / )

for methanol-fueled vehicles where fuel
composition is Cx Hy Oz as measured for
the fuel used.

(iii)(A) KH = Humidity correction fac-
tor.

(B) KH = 1/[1 ¥ 0.0047(H ¥ 75)].
(C) For SI units, KH = 1/[1 ¥ 0.0329(H ¥

10.71)].

Where:

(iv)(A) H = Absolute humidity in
grains (grams) of water per pound
(kilogram) of dry air.

(B) H = [(43.478)Ra × Pd]/[PB ¥ (Pd × Ra/
100)].

(C) For SI units, H = [(6.211)Ra × Pd]/
[PB ¥ (Pd × Ra/100)].

(v) Ra = Relative humidity of the am-
bient air, percent.
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(vi) Pd = Saturated vapor pressure,
mm Hg (kPa) at the ambient dry bulb
temperature.

(vii) PB = Barometric pressure, mm
Hg (kPa),

(viii)(A) Vmix = Total dilute exhaust
volume in cubic feet per test phase cor-
rected to standard conditions (528 °R
(293 °K) and 760 mm Hg (101.3 kPa)).

(B) For PDP–CVS,Vmix is:

V
V N P P

Tmix
o B

P

=
× × −( ) ×

×
4 528

760

(C) For SI units,

V
V N P P

Tmix
o B

P

=
× × −( ) ×

×
4 293

1013.

Where:
(ix) Vo = Volume of gas pumped by

the positive displacement pump, in
cubic feet (m3) per revolution. This vol-
ume is dependent on the pressure dif-
ferential across the positive displace-
ment pump.

(x) N = Number of revolutions of the
positive displacement pump during the
test phase while samples are being col-
lected.

(xi) PB = Barometric pressure, mm Hg
(kPa).

(xii) P4 = Pressure depression below
atmospheric measured at the inlet to
the positive displacement pump, in mm
Hg (kPa) (during an idle mode).

(xiii) Tp = Average temperature of di-
lute exhaust entering positive displace-
ment pump during test, °R(°K).

(d) For petroleum-fueled vehicles, ex-
ample calculation of mass values of ex-
haust emissions using positive dis-
placement pump:

(1) For the ‘‘transient’’ phase of the
cold start test assume the following:

Vo = 0.29344 ft3/rev; N = 10,485; R = 48.0
pct; Ra = 48.2 percent; PB = 762 mm Hg;
Pd = 22.225 mm Hg; P4 = 70 mm Hg; Tp

= 570 °R; HCe = 105.8 ppm, carbon equiv-
alent; NOxe = 11.2 ppm; COem = 306.6
ppm; CO2e = 1.43 percent; HCd = 12.1
ppm; NOxd = 0.8 ppm; COdm = 15.3 ppm;
CO2d = 0.032 percent; Dct = 3.598 miles.
Then:

(i) Vmix = (0.29344)(10,485)(762 ¥ 70)
(528)/(760)(570) = 2595.0 ft3 per test phase.

(ii) H=(43.478)(48.2)(22.225)/762 ¥
(22.225)(48.2/100) = 62 grains of water per
pound of dry air.

(iii) KH = 1/[1 ¥ 0.0047(62 ¥ 75)] =
0.9424

(iv) COe = [1 ¥ 0.01925(1.43) ¥
0.000323(48)](306.6) = 293.4 ppm.

(v) COd = [1 ¥ 0.000323(48)](15.3) = 15.1
ppm.

(vi) DF = 13.4/[1.43 + 10¥4(105.8 +
293.4)] = 9.116.

(vii) HCconc = 105.8 ¥ 12.1(1 ¥ 1/9.116) =
95.03 ppm.

(viii) HCmass = (2595)(16.33)(95.03/
1,000,000) = 4.027 grams per test phase.

(ix) NOxconc = 11.2 ¥ 0.8(1 ¥ 1/9.116) =
10.49 ppm.

(x) NOxmass = (2595)(54.16)(10.49/
1,000,000)(0.9424) = 1.389 grams per test
phase.

(xi) COconc = 293.4 ¥ 15.1(1 ¥ 1/9.116) =
280.0 ppm.

(xii) COmass = (2595)(32.97)(280/1,000,000)
= 23.96 grams per test phase.

(xiii) CO2conc = 1.43 ¥ 0.032(1 ¥ 1/9.116)
= 1.402 percent.

(xiv) CO2mass = (2595.0)(51.85)(1.402/100)
= 1886 grams per test phase.

(2) For the stabilized portion of the
cold start test assume that similar cal-
culations resulted in the following:

(i) HCmass = 0.62 grams per test phase.
(ii) NOxmass = 1.27 grams per test

phase.
(iii) COmass = 5.98 grams per test

phase.
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(iv) CO2mass = 2346 grams per test
phase.

(v) Ds = 3.902 miles.
(3) For the ‘‘transient’’ portion of the

hot start test assume that similar cal-
culations resulted in the following:

(i) HCmass = 0.51 gram per test phase.
(ii) NOxmass = 1.38 grams per test

phase.
(iii) COmass = 5.01 grams per test

phase.
(iv) CO2mass = 1758 grams per test

phase.
(v) Dht = 3.598 miles.
(4) Weighted mass emission results:
(i) HCwm = 0.43[(4.027 + 0.62)/(3.598 +

3.902)] + 0.57[(0.51 + 0.62)/(3.598 + 3.902)] =
0.352 grams per vehicle mile.

(ii) NOxwm = 0.43[(1.389 + 1.27)/(3.598 +
3.902)] + 0.57[(1.38 + 1.27)/(3.598 + 3.902)] =
0.354 grams per vehicle mile.

(iii) COwm = 0.43[(23.96 + 5.98)/(3.598 +
3.902)] + 0.57[(5.01 + 5.98)/(3.598 + 3.902)] =
2.55 grams per vehicle mile.

(iv) CO2wm = 0.43[(1886 + 2346)/(3.598 +
3.902) + 0.57[(1758 + 2346)/(3.598 + 3.902)] =
555 grams per vehicle mile.

(e) For methanol-fueled vehicle with
measured fuel composition of CH3.14 O0.6

example calculation of exhaust emis-
sions using positive displacement
pump:

(1) For the ‘‘transient’’ phase of the
cold start test assume the following:

Vo = 0.29344 ft3/rev; N = 10,485; R = 48.0
pct; Ra = 48.2 percent; PB = 762 mm Hg;
Pd = 22.225 mm Hg; P4 = 70 mm Hg; Tp

570 °R; FID HCe = 81.6 ppm, carbon
equivalent; r = 0.75; CCH30HR = 71 ug/ml;
TEM = 567 °R; ACH3OHR = 3660; VEM 1.18
ft3; ASl = 4460; AVsl = 25.2 ml; As2 = 360;
AVs2 = 24.9 ml; TDM = 532 °R; VDM = 1.17
ft3; ADl = 110; AVD1 = 25.0 ml; AD2 = 10;
AVD2 = 25.1 ml; CFDE = 20 ug/ml; VAE =
5.0 ml; Q = 0.1429; TEF = 569 °R; VSE = 0.30
ft3; CFDA = 1 ug/ml; VAA = 5.0 ml; TDF =
532 °R; VSA = 0.31 ft3; NOxe = 11.2 ppm;
COem = 306.6 ppm; CO2e = 1.43 pct; FID
HCd = 12.1 ppm; NOxd = 0.8 ppm; COdm =
15.3 ppm; CO2d = 0.032 percent; Dct =
3.598 miles.
Then:

(i) Vmix = (0.29344)(10,485)(762 ¥ 70)
(528)/(760)(570) = 2595.0 ft3 per test phase.

(ii) H = (43.478)(48.2)(22.225)/[762 ¥
(22.225 × 48.2/100)] = 62 grains of water
per pound of dry air.

(iii) KH = 1/[1 ¥ 0.0047(62 ¥ 75)] =
0.9424.

(iv) COe = [1 ¥ (0.01 + 0.005 × 3.14 ×
1.43) ¥ 0.000323(48))] × 306.6 = 291.9 ppm.

(v) COd = (1 ¥ 0.000323(48)) × 15.3 = 15.1
ppm.

(vi) CCH3OHe =
(3.813×10¥2)(71)(567)[(4460)(25.2) +
(360)(24.9)] / (3660)(762)(1.18) = 56.60 ppm.

(vii) DF = 100(1/[1 + (3.14/2) + 3.76(1 +
(3.14/4) ¥ (0.6/2))])/1.43 + 10¥4[(81.6 +
291.9 + (1 ¥ 0.75)(56.60)] = 8.350

(viii) CCH3OHd =
(3.813×10¥2)(71)(532)[(110)(25.0) +
(10)(25.1)] / (3660)(762)(1.17) = 1.32 ppm.

(ix) CH3OHconc=56.60¥1.32(1¥1/
8.350)=55.44 ppm.

(x) CH3OHmass=2595.0×37.71×(55.44/
1,000,000)=5.43 grams per test phase.

(xi) HCconc =
[81.6¥(0.75)(56.60)]¥[12.1¥(0.75)(1.32)]
(1¥1/8.530) = 29.34 ppm.

(xii) HCmass=(2594) (16.33) (29.34/
1,000,000)=1.24 grams per test phase.

(xiii) CHCHOe = 4.069 ×
10¥2(20)(5)(0.1429)(569)/(0.30)(762) = 1.4473
ppm.

(xiv) CHCHOd = 4.069 ×
10¥2(1)(5)(0.1429)(532)/(0.31)(762) = 0.0655
ppm.

(xv) HCHOconc=1.4473¥0.0655(1¥1/
8.350)=1.3896 ppm.

(xvi) HCHOmass=(2595)(35.36)(1.3896/
1,000,000)=0.1275 grams per test phase.

(xvii) THCE=1.24+(13.8756/
32.042)(5.43)+(13.8756/30.0262)(0.1275)=3.65
grams per test phase.

(xviii) NOxconc=11.2¥(0.8)(1¥1/
8.350)=10.50 ppm

(xix) NOxmass=(2595)(54.16)(10.50/
1,000,000)(0.9424)=1.390 grams per test
phase.

(xx) COconc=291.9¥15.1 (1¥1/
8.350)=278.61 ppm.

(xxi) COmass=(2595.0)(32.97)(278.69/
1,000,000)=23.84 grams per test phase.

(xxii) CO2conc=1.43¥0.032 (1¥1/
8.350)=1.402 percent.

(xxiii) CO2mass=(2595.0)(51.85)(1.402/
100)=1886 grams per test phase.

(2) For the stabilized portion of the
cold start test assume that similar cal-
culations resulted in the following:

(i) THCE=0.55 grams per test phase.
(ii) NOxmass=1.27 grams per test phase.
(iii) COmass=5.98 grams per test phase.
(iv) CO2mass=2346 grams per test phase.
(v) Ds=3.902 miles.
(3) For the ‘‘transient’’ portion of the

hot start test assume that similar cal-
culations resulted in the following:
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(i) THCE=0.67 grams as carbon equiv-
alent per test phase.

(ii) NOxmass=1.38 grams per test phase.
(iii) COmass=5.01 grams per test phase.
(iv) CO2mass=1758 grams per test phase.
(v) Dht=3.598 miles.
(4) Weighted emission results:
(i) THCEwm=0.43[(3.65+0.55)/

(3.598+3.902)]+0.57[(0.67+0.55)/
(3.598+3.902)]=0.334 grams as carbon
equivalent per mile.

(ii) NOxwm=0.43[(1.390+1.27)/
(3.598+3.902)]+0.57[1.38+1.27)/
(3.598+3.902)]=0.354 grams per vehicle
mile.

(iii) COwm=0.43[(23.84+5.98)/
(3.598+3.902)]+0.57[(5.01+5.98)/

(3.598+3.902)]=2.54 grams per vehicle
mile.

(iv) CO2wm=0.43[(1886+2346)/
(3.598+3.902)]+0.57[(1758+2346)/
(3.598+3.902)]=555 grams per vehicle
mile.

[54 FR 14535, Apr. 11, 1989, as amended at 59
FR 39649, Aug. 3, 1994]

§ 86.144–94 Calculations; exhaust emis-
sions.

The final reported test results shall
be computed by use of the following
formula:

(a) For light-duty vehicles and light
duty trucks:

Y
Y Y

D D

Y Y

D Dwm
ct s

ct s

ht s

ht s

=
+( )
+( )







+

+( )
+( )







0 0 57.43 .

Where:
(1) YWM = Weighted mass emissions of

each pollutant, i.e., THC, CO, THCE,
NMHC, NMHCE, CH4, NOX, or CO2, in
grams per vehicle mile.

(2) Yct=Mass emissions as calculated
from the ‘‘transient’’ phase of the cold
start test, in grams per test phase.

(3) Yht=Mass emissions as calculated
from the ‘‘transient’’ phase of the hot
start test, in grams per test phase.

(4) Ys=Mass emissions as calculated
from the ‘‘stabilized’’ phase of the cold
start test, in grams per test phase.

(5) Dct=The measured driving distance
from the ‘‘transient’’ phase of the cold
start test, in miles.

(6) Dht=The measured distance from
the ‘‘transient’’ phase of the hot start
test, in miles.

(7) Ds=The measured driving distance
from the ‘‘stabilized’’ phase of the cold
start test, in miles.

(b) The mass of each pollutant for
each phase of both the cold start test
and the hot start test is determined
from the following:

(1) Total hydrocarbon mass:

HCmass=Vmix × DensityHC × (HCconc/
1,000,000)

(2) Oxides of nitrogen mass:
NOxmass=Vmix × DensityNO2 × KH ×

(NOxconc/1,000,000)
(3) Carbon monoxide mass:

COmass=Vmix × DensityCO × (COconc/
1,000,000)

(4) Carbon dioxide mass:
CO2mass=Vmix × DensityCO2 × (CO2conc/100)

(5) Methanol mass:
CH3OHmass=Vmix × DensityCH3OH ×

(CH3OHconc/1,000,000)
(6) Formaldehyde mass:

HCHOmass=Vmix × DensityHCHO ×
(HCHOconc/1,000,000)

(7) Total hydrocarbon equivalent
mass:
THCEmass = HCmass + 13.8756/32.042 ×

(CH3OHmass) + 13.8756/32.0262 ×
(HCHOmass)

(8) Non-methane hydrocarbon mass:

NMHCmass = Vmix × DensityNMHC ×
(NMHCconc/1,000,000)

(9) Non-methane hydrocarbon equiva-
lent mass:
NMHCEmass = NMHCmass + 13.8756/32.042 ×

(CH3OHmass) + 13.8756/30.0262 ×
(HCHOmass)

(10) Methane mass:
CH4mass=Vmix=DensityCH4=(CH4conc/

1,000,00)
(c) Meaning of symbols:
(1)(i) HCmass=Total hydrocarbon emis-

sions, in grams per test phase.
(ii) DensityHC=Density of total hydro-

carbon.
(A) For gasoline-fuel, diesel-fuel and

methanol fuel; DensityHC=16.33 g/
ft3¥carbon atom (0.5768 kg/m3¥carbon
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atom), assuming an average carbon to
hydrogen ratio of 1:1.85, at 68 °F (20 °C)
and 760 mm Hg (101.3 kPa) pressure.

(B) For natural gas and liquefied petro-
leum gas-fuel; DensityHC=1.1771
(12.011+H/C (1.008)) g/ft3¥carbon atom
(0.04157(12.011+H/C (1.008))kg/m3¥carbon
atom), where H/C is the hydrogen to
carbon ratio of the hydrocarbon com-
ponents of the test fuel, at 68 °F (20 °C)
and 760 mm Hg (101.3 kPa) pressure.

(iii)(A) HCconc=Total hydrocarbon
concentration of the dilute exhaust
sample corrected for background, in
ppm carbon equivalent, i.e., equivalent
propane × 3.

(B) HCconc=HCe¥HCd(1¥1/DF).

Where:
(iv)(A) HCe=Total hydrocarbon con-

centration of the dilute exhaust sample
or, for diesel-cycle (or methanol-fueled
vehicles, if selected), average hydro-
carbon concentration of the dilute ex-
haust sample as calculated from the in-
tegrated THC traces, in ppm carbon
equivalent.

(B) HCe=FID HCe¥(r)CCH3OHe.
(v) FID HCe=Concentration of total

hydrocarbon plus methanol in dilute
exhaust as measured by the FID, ppm
carbon equivalent.

(vi) r=FID response to methanol.
(vii) CCH3OHe=Concentration of meth-

anol in dilute exhaust as determined
from the dilute exhaust methanol sam-
ple in ppm carbon. For vehicles not
fueled with methanol, CCH3OHe equals
zero.

(viii)(A) HCd=Total hydrocarbon con-
centration of the dilution air as meas-
ured, in ppm carbon equivalent.

(B) HCd=FID HCd¥(r)CCH3OHd.
(ix) FID HCd=Concentration of total

hydrocarbon plus methanol in dilution
air as measured by the FID, ppm car-
bon equivalent.

(x) CCH3OHd=Concentration of meth-
anol in dilution air as determined from
dilution air methanol sample in ppm
carbon. For vehicles not fueled with
methanol, CCH3OHd equals zero.

(2)(i) NOxmass=Oxides of nitrogen
emissions, in grams per test phase.

(ii) DensityNO2=Density of oxides of
nitrogen is 54.16 g/ft3 (1.913 kg/m3) as-
suming they are in the form of nitro-
gen dioxide, at 68 °F (20 °C) and 760 mm
Hg (101.3kPa) pressure.

(iii)(A) NOxconc=Oxides of nitrogen
concentration of the dilute exhaust
sample corrected for background, in
ppm.

(B) NOxconc=NOxe¥NOxd(1¥(1/DF)).
Where:

(iv) NOxe=Oxides of nitrogen con-
centration of the dilute exhaust sample
as measured, in ppm.

(v) NOxd=Oxides of nitrogen con-
centration of the dilution air as meas-
ured, in ppm.

(3)(i) COmass=Carbon monoxide emis-
sions, in grams per test phase.

(ii) DensityCO = Density of carbon
monoxide is 32.97 g/ft3 (1.164 kg/m3), at
68 °F (20 °C) and 760 mm Hg (101.3 kPa)
pressure.

(iii)(A) COconc = Carbon monoxide con-
centration of the dilute exhaust sample
corrected for background, water vapor,
and CO2 extraction, in ppm.

(B) COconc = COe ¥ COd(1 ¥ (1/DF)).
Where:

(iv)(A) COe = Carbon monoxide con-
centration of the dilute exhaust vol-
ume corrected for water vapor and car-
bon dioxide extraction, in ppm.

(B) COe = (1 ¥ 0.01925CO2e–
0.000323R)COem for petroleum fuel with
hydrogen to carbon ratio of 1.85:1.

(C) COe=[1¥(0.01+0.005HCR)
CO2e¥0.000323R]COem for methanol-fuel
or natural gas-fuel or liquefied petro-
leum gas-fuel, where HCR is hydrogen-
to-carbon ratio as measured for the
fuel used.

(v) COem = Carbon monoxide con-
centration of the dilute exhaust sample
as measured, in ppm.

(vi) CO2e = Carbon dioxide concentra-
tion of the dilute exhaust sample, in
percent.

(vii) R = Relative humidity of the di-
lution air, in percent (see § 86.142(n)).

(viii)(A) COd = Carbon monoxide con-
centration of the dilution air corrected
for water vapor extraction, in ppm.

(B) COd = (1–0.000323R)COdm.
Where:

(ix) COdm = Carbon monoxide con-
centration of the dilution air sample as
measured, in ppm.

NOTE: If a CO instrument which meets the
criteria specified in § 86.111 is used and the
conditioning column has been deleted, COem

must be substituted directly for COe and
COdm must be substituted directly for COd.
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(4)(i) CO2mass = Carbon dioxide emis-
sions, in grams per test phase.

(ii) Density CO2 = Density of carbon
dioxide is 51.81 g/ft3 (1.830 kg/m3), at 68
°F (20 °C) and 760 mm Hg (101.3 kPa)
pressure.

(iii)(A) CO2conc = Carbon dioxide con-
centration of the dilute exhaust sample
corrected for background, in percent.

(B) CO2conc = CO2e ¥ CO2d(1 ¥ (1/DF)).
Where:

(iv) CO2d = Carbon dioxide concentra-
tion of the dilution air as measured, in
percent.

(5)(i) CH3OHmass = Methanol emissions
corrected for background, in grams per
test phase.

(ii) DensityCH3OH=Density of meth-
anol is 37.71 g/ft3-carbon atom (1.332 kg/
m3-carbon atom), at 68 °F (20 °C) and
760 mm Hg (101.3 kPa) pressure.

(iii)(A) CH3OHconc = Methanol con-
centration of the dilute exhaust cor-
rected for background, ppm.

(B) CH3OHconc = CCH3OHe ¥ CCH3OHd(1 ¥
(1/DF)).
Where:

(iv)(A) CCH3OHe=Methanol concentra-
tion in the dilute exhaust, ppm.

(B)

C
T C AV C AV

P VCH OHe
EM S S S S

B EM
3

2
1 1 2 23 813 10

=
× × ×( ) + ×( )[ ]

×

−.

(v)(A) CCH3OHd=Methanol concentra-
tion in the dilution air, ppm.

(B)

C
T C AV C AV

P VCH OHd
DM D D D D

B DM
3

2
1 1 2 23 813 10

=
× × ×( ) + ×( )[ ]

×

−.

(vi) TEM=Temperature of methanol
sample withdrawn from dilute exhaust,
°R.

(vii) TDM=Temperature of methanol
sample withdrawn from dilution air,
°R.

(viii) PB=Barometric pressure during
test, mm Hg.

(ix) VEM=Volume of methanol sample
withdrawn from dilute exhaust, ft3.

(x) VDM=Volume of methanol sample
withdrawn from dilution air, ft3.

(xi) CS=GC concentration of sample
drawn from dilute exhaust, µg/ml.

(xii) CD=GC concentration of sample
drawn from dilution air, µg/ml.

(xiii) AVS=Volume of absorbing rea-
gent (deionized water) in impinger
through which methanol sample from
dilute exhaust is drawn, ml.

(xiv) AVD=Volume of absorbing rea-
gent (deionized water) in impinger
through which methanol sample from
dilution air is drawn, ml.

(xv) 1=first impinger.
(xvi) 2=second impinger.
(xvii) 1 = first impinger.
(xviii) 2 = second impinger.
(6)(i) HCHOmass = Formaldehyde emis-

sions corrected for background, in
grams per test phase.

(ii) DensityHCHO=Density of formalde-
hyde is 35.36 g/ft3- carbon atom (1.249
kg/m3-carbon atom), at 68 °F (20 °C) and
760 mm Hg (101.3 kPa) pressure.

(iii)(A) HCHOconc = Formaldehyde
concentration of the dilute exhaust
corrected for background, in ppm.

(B) HCHOconc = CHCHOe ¥ CHCHOd (1¥ (1/
DF)).

Where:
(iv)(A) CHCHOe = Formaldehyde con-

centration in dilute exhaust, in ppm.
(B)

C
C V Q T

V PHCHOe
FDE AE EF

SE B

=
× × × × ×

×

−4 069 10 2.
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(v)(A) CHCHOd = Formaldehyde con-
centration in dilution air in ppm.

(B)

C
C V Q T

V PHCHOd
FDA AA DF

SA B

=
× × × × ×

×

−4 069 10 2.

(vi) CFDE = Concentration of DNPH
derivative of formaldehyde from dilute
exhaust sample in sampling solution,
µg/ml.

(vii) VAE = Volume of sampling solu-
tion for dilute exhaust formaldehyde
sample, ml.

(viii)(A) Q = Ratio of molecular
weights of formaldehyde to its DNPH
derivative.

(B) Q = 0.1429.
(ix) TEF = Temperature of formalde-

hyde sample withdrawn from dilute ex-
haust, °R.

(x) VSE = Volume of formaldehyde
sample withdrawn from dilute exhaust,
ft3.

(xi) PB = Barometric pressure during
test, mm Hg.

(xii) CFDA = Concentration of DNPH
derivative of formaldehyde from dilu-
tion air sample in sampling solution,
µg/ml.

(xiii) VAA = Volume of sampling solu-
tion for dilution air formaldehyde sam-
ple, ml.

(xiv) TDF = Temperature of formalde-
hyde sample withdrawn from dilution
air, °R.

(xv) VSA = Volume of formaldehyde
sample withdrawn from dilution air,
ft3.

(7)(i) DF = 13.4/[CO2e + (HCe + COe)
10¥4] for petroleum-fueled vehicles.

(ii) For methanol-fueled vehicles,
where fuel composition is Cx Hy Oz as
measured, or calculated, for the fuel
used:

DF

x
x y x y z

CO HC CO CH OH HCHOe e e e e

= + + + −
+ + + +( ) × −

( )
/ . ( / / )

100
2 3 76 2 2

102 3
4

(iii)

DF

x

x y x y

CO NMHC CH COe e e e

=
×

+ + +
+ + +( ) × −

100
2 3 76 4

102 4
4

/ . ( / )

for natural gas-fueled or liquefied pe-
troleum gas-fueled vehicles where fuel
composition is Cx Hy as measured for
the fuel used.

(iv)(A) KH=Humidity correction fac-
tor.

(B) KH=1/[1¥0.0047(H¥75)].
(C) For SI units, KH=1×[1–

0.0329(H×10.71)].

Where:
(v)(A) H=Absolute humidity in grains

(grams) of water per pound (kilogram)
of dry air.

(B) H=[(43.478)Ra × Pd]/[PB¥(Pd × Ra/
100)].

(C) For SI units, H=[(6.211)Ra × Pd]/
[PB×(Pd × Ra/100)].

(vi) Ra=Relative humidity of the am-
bient air, percent.

(vii) Pd=Saturated vapor pressure,
mm Hg (kPa) at the ambient dry bulb
temperature.

(viii) PB=Barometric pressure, mm
Hg (kPa).

(ix)(A) Vmix=Total dilute exhaust vol-
ume in cubic feet per test phase cor-
rected to standard conditions (528°R
(293 °K) and 760 mm Hg (101.3 kPa)).

(B) For PDP–CVS, Vmix is:
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V
V N P P

T
mix

O B

P

=
× × −( ) ×

×
4 528

760
(C) For SI units,

V
V N P P

Tmix
o B

p

=
× × −( ) ×

×
4 293

1013.

Where:
(x) Vo=Volume of gas pumped by the

positive displacement pump, in cubic
feet (m3) per revolution. This volume is
dependent on the pressure differential
across the positive displacement pump.

(xi) N=Number of revolutions of the
positive displacement pump during the
test phase while samples are being col-
lected.

(xii) PB=Barometric pressure, mm Hg
(kPa).

(xiii) P4=Pressure depression below
atmospheric measured at the inlet to
the positive displacement pump, in mm
Hg (kPa) (during an idle mode).

(xiv) Tp=Average temperature of di-
lute exhaust entering positive displace-
ment pump during test, °R(°K).

(8)(i) NMHCconc=HCconc¥(rCH4 × CH4conc).
(ii) DensityNMHC=The density of non-

methane hydrocarbon.
(A) For gasoline-fuel and diesel-fuel;

DensityNMHC=16.33 g/ft3-carbon atom
(0.5768 kg/m3-carbon atom), assuming
an average carbon to hydrogen ratio of
1:1.85 at 68 °F (20 °C) and 760 mm Hg
(101.3 kPa) pressure.

(B) For natural gas and liquefied pe-
troleum gas fuel; Den-
sityNMHC=1.1771(12.011+H/C(1.008))g/ft3-
carbon atom (0.04157(12.011+H/
C(1.008))kg/m3-carbon atom), where H/C
is the hydrogen to carbon ratio of the
non-methane hydrocarbon components
of the test fuel, at 68 °F (20 °C) and 760
mm Hg (101.3 kPa) pressure.

(iii)(A) CH4conc = Methane concentra-
tion of the dilute exhaust sample cor-
rected for background, in ppm carbon
equivalent.

(B) CH4conc = CH4e ¥ CH4d(1 ¥ 1/DF)
Where:

(iv) CH4e = Methane exhaust bag con-
centration in ppm carbon equivalent.

(v) CH4d = Methane concentration of
the dilution air in ppm carbon equiva-
lent.

(vi) rCH4=HC FID response to methane
for natural gas-fueled vehicles as meas-
ured in § 86.121(d). For all other vehicles
rCH4=1.

(9)(i) CH4mass=Methane emissions, in
grams per test phase.

(ii) DensityCH4=Density of methane is
18.89 g/ft3-carbon atom (0.6672 kg/m3-
carbon atom), at 68 °F (20 °C) and 760
mm Hg (101.3 kPa) pressure.

(d) For petroleum-fueled vehicles, ex-
ample calculation of mass values of ex-
haust emissions using positive dis-
placement pump:

(1) For the ‘‘transient’’ phase of the
cold start test assume the following: Vo

= 0.29344 ft3rev; N = 10,485; R = 48.0 pct;
Ra = 48.2 percent; PB = 762 mm Hg; Pd =
22.225 mm Hg; P4 = 70 mm Hg; Tp = 570
°R; HCe = 105.8 ppm, carbon equivalent;
NOxe = 11.2 ppm; COem = 306.6 ppm; CO2e

= 1.43 percent; CH4e = 10.74 ppm; HCd =
12.1 ppm; NOxd = 0.8 ppm; COdm = 15.3
ppm; CO2d = 0.032 percent; CH4d = 2.20
ppm; Dct = 3.598 miles.
Then:

(i) Vmix = (0.29344)(10,485)(762-70)(528)/
(760)(570) = 2595.0 ft3 per test phase.

(ii) H = (43.478)(48.2)(22.225)/762 ¥
(22.225)(48.2/100) = 62 grains of water per
pound of dry air.

(iii) KH = 1/[1 ¥ 0.0047(62-75)] = 0.9424.
(iv) COe = [1-0.01925(1.43) ¥

0.000323(48)](306.6) = 293.4 ppm.
(v) COd = [1 ¥ 0.000323(48)](15.3) = 15.1

ppm.
(vi) DF = 13.4/[1.43 + 10¥4(105.8 +

293.4)] = 9.116.
(vii) HCconc = 105.8-12.1(1 ¥ 1/9.116) =

95.03 ppm.
(viii) HCmass = (2595)(16.33)(95.03/

1,000,000) = 4.027 grams per test phase.
(ix) NOxconc = 11.2 ¥ 0.8(1 ¥ 1/9.116) =

10.49 ppm.
(x) NOxmass = (2595)(54.16)(10.49/

1,000,000)(0.9424) = 1.389 grams per test
phase.

(xi) COconc = 293.4 ¥ 15.1(1 ¥ 1/9.116) =
280.0 ppm.

(xii) COmass = (2595)(32.97)(280/1,000,000)
= 23.96 grams per test phase.

(xiii) CO2conc = 1.43 ¥ 0.032(1 ¥ 1/9.116)
= 1.402 percent.

(xiv) CO2mass = (2595.0)(51.85)(1.402/100)
= 1886 grams per test phase.

(xv) CH4conc = 10.74 ¥ 2.2 (1 ¥ 1/9.116)
= 8.78 ppm.

(xvi) NMHCconc = 95.03 ¥ 8.78 = 86.25
ppm.
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(xvii) NMHCmass = (2595)(16.33)(86.25)/
1,000,000 = 3.655 grams per test phase.

(2) For the stabilized portion of the
cold start test assume that similar cal-
culations resulted in the following:

(i) HCmass = 0.62 gram per test phase.
(ii) NOxmass = 1.27 grams per test

phase.
(iii) COmass = 5.98 grams per test

phase.
(iv) CO2mass = 2346 grams per test

phase.
(v) Ds = 3.902 miles.
(vi) NMHCmass = 0.50 gram per test

phase.
(3) For the ‘‘transient’’ portion of the

hot start test assume that similar cal-
culations resulted in the following:

(i) HCmass = 0.51 gram per test phase.
(ii) NOxmass = 1.38 grams per test

phase.
(iii) COmass = 5.01 grams per test

phase.
(iv) CO2mass = 1758 grams per test

phase.
(v) Dht = 3.598 miles.
(vi) NMHCmass = 0.44 grams per test

phase.
(4) Weighted mass emission results:
(i) HCwm = 0.43[(4.027 + 0.62)/(3.598 +

3.902)] + 0.57[(0.51 + 0.62)/(3.598 + 3.902)] =
0.352 gram per vehicle mile.

(ii) NOxwm = 0.43[(1.389 + 1.27)/(3.598 +
3.902)] + 0.57[(1.38 + 1.27)/(3.598 + 3.902)] =
0.354 gram per vehicle mile.

(iii) COwm = 0.43[(23.96 + 5.98)/(3.598 +
3.902)] + 0.57[(5.01 + 5.98)/(3.598 + 3.902)] =
2.55 grams per vehicle mile.

(iv) CO2wm = 0.43[(1886 + 2346)/(3.598 +
3.902) + 0.57[(1758 + 2346)/(3.598 + 3.902)] =
555 gram per vehicle mile.

(v) NMHCwm = 0.43[(3.655 + 0.50)/(3.598
+ 3.902)] + 0.57[(0.44 + 0.50)/(3.598 + 3.902)]
= 0.310 gram per vehicle mile.

(e) For methanol-fueled vehicles with
measured fuel composition of CH3.487

O0.763, example calculation of exhaust
emissions using positive displacement
pump:

(1) For the ‘‘transient’’ phase of the
cold start test assume the following:
V0=0.29344 ft3 rev; N=25,801; R=37.5 pct;
Ra=37.5 percent; PB=725.42 mm Hg;
Pd=22.02 mm Hg; P4=70 mm Hg; Tp 570
deg.R; FID HCe=14.65 ppm, carbon
equivalent; r=0.788; TEM=527.67 deg.R;
VEM=0.2818 ft3; CS1=7.101; AVS1=15.0 ml;
CS2=0.256; AVS2=15.0 ml; TDM=527.67
deg.R; VDM=1.1389 ft3; CD1=0.439;

AVD1=15.0 ml; CD2=0.0; AVD2=15.0 ml;
CFDE=8.970 µ g/ml; VAE=5.0 ml; Q=0.1429;
TEF=527.67 deg.R; VSE=0.2857 ft3;
CFDA=0.39 µ g/ml; VAA=5.0 ml; TDF=527.67
deg.R; VSA=1.1043 ft3; NOXe=5.273 ppm;
COem=98.8 ppm; CO2e=0.469 pct;
CH4e=2.825 ppm; FID HCd=2.771 ppm;
NOXd=0.146 ppm; COdm=1.195 ppm;
CO2d=0.039 percent; CH4d=2.019 ppm;
Dct=3.583 miles.(Q P=’04’≤
Then:

(i) Vmix=(0.29344)(25,801)(725.42–70)(528)/
(760)(570)=6048.1.0 ft3 per test phase.

(ii) H=(43.478)(37.5)(22.02)/[725.42-
(22.02x37.5/100)]=50 grains of water per
pound of dry air.

(iii) KH=1/[1–0.0047(50–75)]=0.8951.
(iv) COe=[1-

(0.01+0.005×3.487)×0.469)¥0.000323(37.5))
×98.8=96.332 ppm.

(v) COd=(1–0.000323(37.5))×1.195=1.181
ppm.

(vi) CCH3OHe =
(3.813×10¥2)(527.67)[(7.101)(15.0) +
(0.256)(15.0)]/(725.42)(0.2818) = 10.86 ppm.

(vii) HCe=14.65¥(0.788)(10.86)=6.092.
(viii) DF = 100(1/[1 + (3.487/2) + 3.76(1 +

(3.487/4) ¥ (0.763/2))])/0.469 + (6.092 +
96.332 + 10.86 + 0.664)(10¥4) = 24.939.

(ix) CCH3OHd = (3.813 ×
10¥2)(527.67)[(0.439)(15.0) + (0.0)(15.0)]/
(725.42)(1.1389) = 0.16 ppm.

(x) CH3OHconc=10.86¥0.16(1–1/
24.939)=10.71 ppm.

(xi) CH3OHmass=6048.1×37.71×(10.71/
1,000,000)=2.44 grams per test phase.

(xii) HCconc=[14.65 ¥ (0.788)(10.86)] ¥
[2.771 ¥ (0.788)(0.16)] (1–1/24.94)=3.553
ppm.

(xiii) HCmass=(6048.1)(16.33)(3.553/
1,000,000)=0.35 grams per test phase.

(xiv) CHCHOe = 4.069 ×
10¥2(8.970)(5.0)(0.1429)(527.67)/
(0.2857)(725.42) = 0.664 ppm.

(xv) CHCHOd = 4.069 ×
10¥2(0.39)(5.0)(0.1429)(527.67)/
(1.1043)(725.42) = 0.0075 ppm.

(xvi) HCHOconc=0.664–0.0075(1–1/
24.939)=0.6568 ppm.

(xvii) HCHOmass=(6048.1)(35.36)(0.6568/
1,000,000)=0.1405 grams per test phase.

(xviii) THCE=0.35+(13.8756/
32.042)(2.44)+(13.8756/ 30.0262)(0.1405)=1.47
grams per test phase.

(xix) NOXconc=5.273¥(0.146)(1–1/
24.939)=5.13 ppm.

(xx) NOXmass=(6048.1)(54.16)(5.13/
1,000,000)(0.8951)=1.505 grams per test
phase.
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(xxi) COconc=96.332¥1.181(1–1/
24.939)=95.2 ppm.

(xxii) COmass=(6048.1)(32.97)(95.2/
1,000,000)=18.98 grams per test phase.

(xxiii) CO2conc=0.469–0.039(1–1/
24.939)=0.432 percent.

(xxiv) CO2mass=(6048.1)(51.85)(0.432/
100)=1353 grams.

(xxv) CH4conc=2.825–2.019(1–1/
24.939)=0.89 ppm.

(xxvi) NMHCconc=3.553 ppm¥0.89
ppm=2.67 ppm.

(xxvii) NMHCmass=(6048.1)(16.33)(2.67/
1,000,000)=0.263 grams per test phase.

(xxviii) NMHCEmass=0.263+(13.8756/
32.042)(2.44)+(13.8756/ 30.0262)(0.1405)=1.39
grams per test phase.

(2) For the stabilized portion of the
cold start test assume that similar cal-
culations resulted in the following:

(i) THCE=0.143 grams per test phase.
(ii) NOXmass=0.979 grams per test

phase.
(iii) COmass=0.365 grams per test phase.
(iv) CO2mass=1467 grams per test phase.
(v) Ds=3.854 miles.
(vi) NMHCE=0.113 grams per test

phase.
(3) For the ‘‘transient’’ portion of the

hot start test assume that similar cal-
culations resulted in the following:

(i) THCE=0.488 grams as carbon
equivalent per test phase.

(ii) NOXmass=1.505 grams per test
phase.

(iii) COmass=3.696 grams per test phase.
(iv) CO2mass=1179 grams per test phase.
(v) Dht=3.577 miles.
(vi) NMHCE=0.426 grams per test

phase.
(4) Weighted emission results:
(i) THCEwm = (0.43) × (1.473 + 0.143)/

(3.583 + 3.854) + (0.57) × (0.488 + 0.143)/
(3.577 + 3.854) = 0.142 grams as carbon
equivalent per mile.

(ii) NOxwm = (0.43) × (1.505 + 0.979)/
(3.583 + 3.854) + (0.57) × (1.505 + 0.979)/
3.577 + 3.854) = 0.344 grams per mile.

(iii) COwm = (0.43) × (18.983 + 0.365)/
(3.583 + 3.854) + (0.57) × (3.696 + 0.365)/
(3.577 + 3.854) = 1.43 grams per mile.

(iv) CO2wm = (0.43) × (1353 + 1467)/(3.583
+ 3.854) + (0.57) × (1179 + 1467)/(3.577 +
3.854) = 366 grams per mile.

(v) NMHCEwm = (0.43) × (1.386 + 0.113)/
(3.583 + 3.854) + (0.57) × (0.426 + 0.113)/
(3.577 + 3.854) = 0.128 grams per mile.

[56 FR 25777, June 5, 1991, as amended at 59
FR 39649, Aug. 3, 1994; 59 FR 48511, Sept. 21,
1994; 60 FR 34349, June 30, 1995; 62 FR 47122,
Sept. 5, 1997]

§ 86.145–82 Calculations; particulate
emissions.

(a) The final reported test results for
the mass particulate (Mp) in grams/
mile shall be computed as follows.
Mp = 0.43(Mp1 + Mp2)/(Dct + Ds) +

0.57(Mp3 + Mp2)/(Dht + Ds)
where:

(1) Mp1 = Mass of particulate deter-
mined from the ‘‘transient’’ phase of
the cold start test, in grams per test
phase. (See § 86.110–82(c)(1) for deter-
mination.)

(2) Mp2 = Mass of particulate deter-
mined from the ‘‘stabilized’’ phase of
the cold start test, in grams per test
phase. (See § 86.110–82(c)(1) for deter-
mination.)

(3) Mp3 = Mass of particulate deter-
mined from the ‘‘transient’’ phase of
the hot start test, in grams per test
phase. (See § 86.110–82(c)(1) for deter-
mination).

(4) Dct = The measured driving dis-
tance from the ‘‘transient’’ phase of
the cold start test, in miles.

(5) Ds = The measured driving dis-
tance from the ‘‘stabilized’’ phase of
the cold start test, in miles.

(6) Dht = The measured driving dis-
tance from the ‘‘transient’’ phase of
the hot start test, in miles.

(b) The mass of particulate for each
phase of testing is determined as fol-
lows:

M V V
P

V

P

V
DFpj mix epi

ei

epi

b

bp

= +[ ] − −












( / )1 1

where:
(1) j = 1, 2 or 3 depending on which

phase the mass of particulate is being
determined for (i.e., the ‘‘transient’’
phase of the cold start test, the ‘‘sta-
bilized’’ phase of the cold start test, or
the ‘‘transient’’ phase of the hot start
test).

(2) Vmix = Total dilute exhaust vol-
ume in cubic meters per test, corrected
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to standard conditions 528°R (293K) and
29.92 in Hg (101.3 kPa). Vmix is further
defined in § 86.144.

(3) Pe = mass of particulate per test
on the exhaust filter(s), grams.

(4) Pb = mass of particulate on the
‘‘background’’ filter, grams.

(i) The background particulate level,
Pb, inside the dilution air filter box at
EPA is very low. Pb will be assumed =
0, and background particulate samples
will not be taken with each exhaust
sample. It is recommended that back-
ground particulate checks be made pe-
riodically to verify the low level.

(ii) Any manufacturer may make the
same assumption without prior EPA
approval.

(iii) If Pb is assumed = 0, then no
background correction is made. The
equation for particulate mass emis-
sions then reduces to:

M
V V P

Vpj
mix ep e

ep

i i i

i

=
+ ×

(6) Vep = total volume of sample
pulled through the filter, cubic feet at
standard conditions.

V
V P P

T
ep

ap bar ip

ip

=
× +( ) ×

×

528

29 92.

where:
(i) Vap = corrected (according to pro-

cedure specified in § 85.120) dilute ex-
haust sample volume, cubic feet.

(ii) Pbar = barometric pressure, in Hg.
(iii) Pip = pressure elevation above

ambient measured at the inlet to the
dilute exhaust sample gas meter or
flow instrument, in Hg. (For most gas
meters with unrestricted discharge Pip

is negligible and can be assumed = 0.)
(iv) Tip = average temperature of the

dilute exhaust sample at the inlet to
the gas meter or flow instrument, °R.

(7) Vbp = total volume of the back-
ground sample, cubic feet at standard
conditions. (Vbp is not required if Pb is
assumed = 0.) It is calculated using the
following formula:

V
V P P

Tbp
ap bar ib

ib

=
× +( ) ×

×
528

29 92.

where:
(i) Vab = corrected (according to pro-

cedure specified in § 85.120) background
sample volume, cubic feet.

(ii) Pbar = barometric pressure, in.
Hg.

(iii) Pib = pressure elevation above
ambient measured at the inlet to the
background gas meter or flow instru-
ment, in Hg. (For most gas meters with
unrestricted discharge Pib is negligible
and can be assumed = 0.)

(iv) Tib = average temperature of the
background sample at the inlet to the
gas meter or flow instrument, °R.

(8) DF = dilution factor. (DF is not
required if Pb is assumed = 0.)

[45 FR 14523, Mar. 5, 1980, as amended at 46
FR 50494, Oct. 13, 1981, and 47 FR 49807, Nov.
2, 1982]

§ 86.146–96 Fuel dispensing spitback
procedure.

(a) The vehicle is fueled at a rate of
10 gal/min to test for fuel spitback
emissions. All liquid fuel spitback
emissions that occur during the test
are collected in a bag made of a mate-
rial impermeable to hydrocarbons or
methanol. The bag shall be designed
and used so that liquid fuel does not
spit back onto the vehicle body, adja-
cent floor, etc., and it must not impede
the free flow of displaced gasoline
vapor from the orifice of the filler pipe.
The bag must be designed to permit
passage of the dispensing nozzle
through the bag. If the bag has been
used for previous testing, sufficient
time shall be allowed for the bag to dry
out. The dispensing nozzle shall be a
commercial model, not equipped with
vapor recovery hardware.

(b) Ambient temperature levels en-
countered by the test vehicle shall be
not less than 68 °F nor more than 86 °F.
The temperatures monitored during
testing must be representative of those
experienced by the test vehicle. The ve-
hicle shall be approximately level dur-
ing all phases of the test sequence to
prevent abnormal fuel distribution.

(c) Measure and record the mass of
the bag to be used for collecting
spitback emissions to the nearest 0.01
gram.

(d) Drain the fuel tank(s) and fill
with test fuel, as specified in § 86.113, to
10 percent of the reported nominal fuel
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tank capacity. The fuel cap(s) shall be
installed immediately after refueling.

(e) The vehicle shall be soaked at 80±6
°F (27±3 °C) for a minimum of six hours,
then placed, either by being driven or
pushed, on a dynamometer and oper-
ated through one Urban Dynamometer
Driving Schedule (specified in § 86.115
and appendix I of this part). The test
vehicle may not be used to set dyna-
mometer horsepower.

(f) Following the preconditioning
drive, the vehicle shall be moved or
driven at minimum throttle to the re-
fueling area.

(g) All areas in proximity to the vehi-
cle fuel fill orifice and the dispenser
nozzle itself shall be completely dry of
liquid fuel.

(h) The fuel filler neck shall be snug-
ly fitted with the vented bag to capture
any fuel emissions. The fuel nozzle
shall be inserted through the bag into
the filler neck of the test vehicle to its
maximum penetration. The plane of
the nozzle’s handle shall be perpendicu-
lar to the floor of the laboratory.

(i) The fueling procedure consists of
dispensing fuel through a nozzle, inter-
rupted by a series of automatic shut-
offs. A minimum of 3 seconds shall
elapse between any automatic shutoff
and subsequent resumption of dispens-
ing. Dispensing may not be manually
terminated, unless the test vehicle has
already clearly failed the test. The ve-
hicle shall be fueled according to the
following procedure:

(1) The fueling operation shall be
started within 4 minutes after the vehi-
cle is turned off and within 8 minutes
after completion of the preconditioning
drive. The average temperature of the
dispensed fuel shall be 65±5 °F (18±3 °C).

(2) The fuel shall be dispensed at a
rate of 9.8±0.3 gallons/minute (37.1±1.1
L/min) until the automatic shutoff is
activated.

(3) If the automatic shutoff is acti-
vated before the nozzle has dispensed
an amount of fuel equal to 70 percent of
the tank’s nominal capacity, the dis-
pensing may be resumed at a reduced
rate. Repeat as necessary until the noz-
zle has dispensed an amount of fuel
equal to at least 70 percent of the
tank’s nominal capacity.

(4) Once the automatic shutoff is ac-
tivated after the nozzle has dispensed

an amount of fuel equal to 70 percent of
the tank’s nominal capacity, the fuel
shall be dispensed at a rate of 5±1 gal-
lons/minute (19±4 ƒ/min) for all subse-
quent dispensing. Dispensing shall be
restarted two additional times.

(5) If the nozzle has dispensed an
amount of fuel less than 85 percent of
the tank’s nominal capacity after the
two additional dispensing restarts, dis-
pensing shall be resumed, and shall
continue through as many automatic
shutoffs as necessary to achieve this
level. This completes the fueling proce-
dure.

(j) Withdraw the nozzle from the ve-
hicle and the bag, holding the tip of the
nozzle upward to avoid any dripping
into the bag.

(k) Within 1 minute after completion
of the fueling event, the bag shall be
folded to minimize the vapor volume
inside the bag. The bag shall be folded
as quickly as possible to prevent evapo-
ration of collected emissions.

(l) Within 5 minutes after completion
of the fueling event, the mass of the
bag and its contents shall be measured
and recorded (consistent with para-
graph (c) of this section). The bag shall
be weighed as quickly as possible to
prevent evaporation of collected emis-
sions.

[58 FR 16045, Mar. 24, 1993, as amended at 60
FR 43898, Aug. 23, 1995]

§ 86.150–98 Refueling test procedure;
overview.

(a) The refueling emissions test pro-
cedure described in this and subsequent
sections is used to determine the con-
formity of vehicles with the refueling
emissions standards set forth in sub-
part A of this part for light-duty vehi-
cles and light-duty trucks. The refuel-
ing emissions test procedure may be
performed as an individual test or in
combination with the evaporative and
exhaust emissions test sequences of
§ 86.130–96.

(b) The refueling emissions test is de-
signed to measure hydrocarbon emis-
sions resulting from the generation or
displacement of fuel tank vapor during
vehicle refueling. The refueling emis-
sions shall be measured by the enclo-
sure technique.

(c) All emission control systems in-
stalled on or incorporated in a new
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motor vehicle shall be functioning dur-
ing all procedures in this subpart ex-
cept:

(1) In cases of component malfunc-
tion or failure; and

(2) during certain specified fuel drain
and fill operations, at which times the
refueling emission control canister is
disconnected. Maintenance to correct
component malfunction or failure shall
be authorized in accordance with
§ 86.098–25.

(d) For liquefied petroleum gas-fueled
vehicles only. Refueling test procedures
for light-duty vehicles and light-duty
trucks operated on liquefied petroleum
gas are described in § 86.157.

[59 FR 16296, Apr. 6, 1994, as amended at 59
FR 48511, Sept. 21, 1994]

§ 86.151–98 General requirements; re-
fueling test.

(a) The refueling emissions proce-
dure, shown in Figure B98–12, starts
with the stabilizing of the vehicle and
the loading of the refueling emissions
canister(s) to breakthrough, and con-
tinues with the vehicle drive for purg-
ing of the canister, followed by the re-
fueling emissions measurement. The
test is conducted following §§ 86.152–98
through 86.154–98 in order.

(b) Ambient temperature levels en-
countered by the test vehicle through-
out the test sequence shall not be less
than 68 °F (20 °C) nor more than 86 °F
(30 °C).

(c) The vehicle shall be approxi-
mately level during all phases of the
test sequence to prevent abnormal fuel
distribution.
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[59 FR 16296, Apr. 6, 1994]

§ 86.152–98 Vehicle preparation; refuel-
ing test.

(a) Provide additional fittings and
adapters, as required, to accommodate
a fuel drain at the lowest point possible
in the tank(s) as installed on the vehi-
cle. The canister shall not be removed
from the vehicle, unless access to the
canister in its normal location is so re-
stricted that purging and loading can
only reasonably be accomplished by re-
moving the canister from the vehicle.

Special care shall be taken during this
step to avoid damage to the compo-
nents and the integrity of the fuel sys-
tem. A replacement canister may be
temporarily installed during the soak
period while the canister from the test
vehicle is preconditioned.

(b) Provide valving or other means to
allow the venting of the refueling
vapor line to the atmosphere rather
than to the refueling emissions can-
ister(s) when required by this test pro-
cedure.
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(c) For preconditioning that involves
loading the vapor collection canister(s)
with butane, provide valving or other
means as necessary to allow loading of
the canister(s).

[59 FR 16298, Apr. 6, 1994, as amended at 60
FR 43898, Aug. 23, 1995]

§ 86.153–98 Vehicle and canister pre-
conditioning; refueling test.

(a) Vehicle and canister precondition-
ing. Vehicles and vapor storage can-
isters shall be preconditioned in ac-
cordance with the preconditioning pro-
cedures for the supplemental two-diur-
nal evaporative emissions test speci-
fied in § 86.132–96 (a) through (j). For ve-
hicles equipped with non-integrated re-
fueling emission control systems, the
canister must be loaded using the
method involving butane loading to
breakthrough (see § 86.132–96(j)(1)).

(b) Seal test. The Administrator may
choose to omit certain canister load
and purge steps, and replace them with
a bench purge of the refueling can-
ister(s), in order to verify the adequacy
of refueling emission control system
seals. Failure of this seal test shall
constitute a failure of the refueling
emission control test. For integrated
systems, this bench purge may be per-
formed after the exhaust testing in
order to obtain exhaust emission test
results. Non-integrated system seal
testing shall be performed using para-
graph (b)(1) of this section.

(1) Without the exhaust emission test.
The Administrator may conduct the
canister preconditioning by purging
the canister(s) with at least 1200 can-
ister bed volumes of ambient air (with
humidity controlled to 50±25 grains of
water vapor per pound of dry air) main-
tained at a nominal flow rate of 0.8 cfm
directly following the preconditioning
drive described in § 86.132–96 (c) through
(e). In this case, the canister loading
procedures and the vehicle driving pro-
cedures described in § 86.132–96 (f)
through (j) and in paragraphs (c)
through (d) of this section shall be
omitted, and the 10 minute and 60
minute time requirements of paragraph
(e) of this section shall apply to time
after completion of the bench purge. In
the case of multiple refueling can-
isters, each canister shall be purged
separately.

(2) With the exhaust emission test. The
Administrator may conduct the can-
ister preconditioning by purging the
canister(s) directly after the exhaust
test (see paragraph (c)(1) of this sec-
tion). The canister shall be purged with
at least 1200 canister bed volumes of
ambient air (with humidity controlled
to 50±25 grains of water vapor per
pound of dry air) maintained at a
nominal flow rate of 0.8 cfm. In this
case, the vehicle driving procedures de-
scribed in paragraphs (c)(2) through (d)
of this section shall be omitted, and
the 10 minute and 60 minute time re-
quirements of paragraph (e) of this sec-
tion shall apply to time after comple-
tion of the bench purge. In the case of
multiple refueling canisters, each can-
ister shall be purged separately.

(c) Canister purging; integrated sys-
tems. (1) Vehicles to be tested for ex-
haust emissions only shall be processed
according to §§ 86.135–94 through 86.137–
96. Vehicles to be tested for refueling
emissions shall be processed in accord-
ance with the procedures in §§ 86.135–94
through 86.137–96, followed by the pro-
cedures outlined in paragraph (c)(2) of
this section.

(2) To provide additional opportunity
for canister purge, conduct additional
driving on a dynamometer, within one
hour of completion of the hot start ex-
haust test, by operating the test vehi-
cle through one UDDS, a 2 minute idle,
two NYCCs, another 2 minute idle, an-
other UDDS, then another 2 minute
idle (see § 86.115–78 and appendix I of
this part). Fifteen seconds after the en-
gine starts, place the transmission in
gear. Twenty seconds after the engine
starts, begin the initial vehicle accel-
eration of the driving schedule. The
transmission shall be operated accord-
ing to the specifications of § 86.128–79
during the driving cycles. The vehicle’s
air conditioner (if so equipped) shall be
turned off. Ambient temperature shall
be controlled as specified in § 86.151–98.
It is not necessary to monitor and/or
control in-tank fuel temperatures.

(i) The fixed-speed fan specified in
§ 86.135–94(b) may be used for engine
cooling. If a fixed-speed fan is used, the
vehicle’s hood shall be opened.

(ii) Alternatively, the roadspeed-
modulated fan specified in § 86.107–
96(d)(1) may be used for engine cooling.
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If a road-speed modulated fan is used,
the vehicle’s hood shall be closed.

(d) Canister purging; non-integrated
systems. Within one hour of completion
of canister loading to breakthrough,
the fuel tank(s) shall be further filled
to 95 percent of nominal tank capacity
determined to the nearest one-tenth of
a U.S. gallon (0.38 liter) with the fuel
specified in § 86.113–94. During this fuel-
ing operation, the refueling emissions
canister(s) shall be disconnected. Fol-
lowing completion of refueling, the re-
fueling emissions canister(s) shall be
reconnected. Special care shall be
taken during this step to avoid damage
to the components and the integrity of
the fuel system. Vehicle driving to
purge the refueling canister(s) shall be
performed using either the chassis dy-
namometer procedure or the test track
procedure, as described in paragraphs
(d)(1) and (d)(2) of this section. The Ad-
ministrator may choose to shorten the
vehicle driving for a partial refueling
test as described in paragraph (d)(3) of
this section. For vehicles equipped
with dual fuel tanks, the required vol-
ume of fuel shall be driven out of one
tank, the second tank shall be selected
as the fuel source, and the required vol-
ume of fuel shall be driven out of the
second tank.

(1) Chassis dynamometer procedure. (i)
Vehicle driving on a chassis dynamom-
eter shall consist of repeated drives
with the UDDS until 85 percent of fuel
tank capacity has been consumed.
Driving in testing performed by manu-
facturers may be terminated before 85
percent of the fuel tank capacity has
been consumed, provided that driving
is not terminated partway through a
UDDS cycle. Driving in testing per-
formed by the Administrator may be
terminated after the same number of
UDDS cycles as driven in the manufac-
turer’s certification testing.

(ii) Except with the advance approval
of the Administrator, the number of
UDDSs required to consume 85 percent
of tank fuel capacity (total capacity of
both tanks when the vehicle is
equipped with dual fuel tanks) shall be
determined from the fuel economy on
the UDDS applicable to the test vehicle
and from the number of gallons to the
nearest 0.1 gallon (0.38 liter) that con-
stitutes 85 percent of tank volume. If

this ‘‘fuel consumed point’’ occurs
partway through a UDDS cycle, the
cycle shall be completed in its en-
tirety.

(iii) For vehicles equipped with dual
fuel tanks, fuel switching from the
first tank to the second tank shall
occur at the 10 percent volume of the
first tank regardless of the point in the
UDDS cycle at which this occurs.

(iv) If necessary to accommodate
work schedules, the engine may be
turned off and the vehicle parked on
the dynamometer. The vehicle may be
parked off of the dynamometer to fa-
cilitate maintenance or repairs if re-
quired.

(v) During the driving on the dyna-
mometer, a cooling fan(s) shall be posi-
tioned as described in § 86.135–94(b).

(2) Test track procedure. (i) Vehicle
driving on a test track shall consist of
repeated drives with the UDDS until 85
percent of fuel tank capacity has been
consumed. Driving performed by manu-
facturers may be terminated before 85
percent of the fuel tank capacity has
been consumed, provided that driving
is not terminated partway through a
UDDS cycle. Driving performed by the
Administrator may be terminated after
the same number of UDDS cycles as
driven in the manufacturer’s certifi-
cation testing.

(ii) If the distance from the emission
laboratory to the test track is less
than 5 miles (8.05 km) the vehicle may
be driven to the test track at a speed
not to exceed 25 mph. If the distance is
greater than 5 miles (8.05 km) the vehi-
cle shall be moved to the test track
with the engine off.

(iii) Except with the advance ap-
proval of the Administrator, the num-
ber of UDDSs required to consume 85
percent of tank fuel capacity (total ca-
pacity of both tanks when the vehicle
is equipped with dual fuel tanks) shall
be determined from the fuel economy
on the UDDS applicable to the test ve-
hicle and from the number of gallons to
the nearest 0.1 gallon (0.38 liter) that
constitutes 85 percent of tank volume.
If this ‘‘fuel consumed point’’ occurs
partway through a UDDS cycle, the
cycle shall be completed in its en-
tirety.

(iv) The vehicle shall be driven at a
speed not to exceed 25 mph from the
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test track to the laboratory provided
the distance from the test track to the
laboratory does not exceed 5 miles (8.05
km). If the distance from the test track
to the emission laboratory is greater
than 5 miles (8.05 km) the vehicle shall
be moved from the test track with the
engine off.

(v) For vehicles equipped with dual
fuel tanks, fuel switching from the
first tank to the second tank shall
occur at the 10 percent volume of the
first tank regardless of the point in the
UDDS cycle at which this occurs.

(vi) If necessary to accommodate
work schedules, the engine may be
turned off and the vehicle parked on
the test track. The vehicle may be
parked off of the test track to facili-
tate maintenance or repairs if required.
If the vehicle is moved from the test
track, it shall be returned to the track
with the engine off when mileage accu-
mulation is to be resumed.

(3) Drive schedule for partial refueling
test. The Administrator may conduct a
partial refueling test involving a short-
ening of the drive procedures described
in paragraphs (d) (1) and (2) of this sec-
tion and a modified soak and refueling
procedure as described in paragraph (e)
of this section and § 86.154–98(e)(7)(i).
The drive shall be performed as de-
scribed in paragraph (d) (1) or (2) of this
section except that the drive shall be
terminated when at least 10 percent
but no more than 85 percent of the fuel
tank nominal capacity has been con-
sumed and not partway through a
UDDS cycle. The amount of fuel con-
sumed in the drive shall be determined
by multiplying the number of UDDSs
driven by the mileage accumulated per
UDDS and dividing by the fuel econ-
omy for the UDDS applicable to the
test vehicle.

(e) Vehicle cool down—(1) Partial re-
fueling test. If the Administrator is con-
ducting the non-integrated system par-
tial refueling test, after the driving
procedure specified in paragraph (d)(3)
of this section, the vehicle shall be
parked (without starting the engine)
and soaked at 80±3 °F (27±1.7 °C) for a
minimum of 1 hour and a maximum of
6 hours.

(2) For all other refueling emission tests.
Within 10 minutes of completion of re-
fueling emissions canister stabilization

(see paragraph (c) or (d) of this sec-
tion), the refueling emissions can-
ister(s) shall be disconnected. Within 60
minutes of completion of refueling
emissions canister stabilization (see
paragraph (c) or (d) of this section), the
vehicle fuel tank(s) shall be drained,
the fuel tank(s) fueled to 10 percent of
nominal tank capacity determined to
the nearest one-tenth of a U.S. gallon
(0.38 liter) with the specified fuel, and
the vehicle parked (without starting
the engine) and soaked at 80±3 °F
(27±1.7 °C) for a minimum of 6 hours
and a maximum of 24 hours.

[59 FR 16298, Apr. 6, 1994, as amended at 60
FR 43898, Aug. 23, 1995]

§ 86.154–98 Measurement procedure;
refueling test.

(a) The refueling test measurement
procedure described in this section im-
mediately follows the vehicle and can-
ister preconditioning described in
§ 86.153–98.

(b) The refueling emission enclosure
shall be purged for several minutes im-
mediately prior to the test. Warning: If
at any time the concentration of hy-
drocarbons, of methanol, or of meth-
anol and hydrocarbons exceeds 15,000
ppm C, the enclosure should be imme-
diately purged. This concentration pro-
vides a 4:1 safety factor against the
lean flammability limit.

(c)(1) The FID (or HFID) hydrocarbon
analyzer, and additional analyzer, if
needed, shall be zeroed and spanned im-
mediately prior to the test.

(2) For methanol-fueled vehicles
only, impingers charged with known
volumes of pure deionized water shall
be placed in the methanol sampling
system.

(d) If not already on, the enclosure
mixing fan and the spilled fuel mixing
blower shall be turned on at this time.

(e) The refueling emission measure-
ment portion of the refueling test shall
be performed as follows:

(1) The line from the fuel tank(s) to
the refueling emissions canister(s)
shall be connected.

(2) The test vehicle, with the engine
shut off, shall be moved into the enclo-
sure. The test vehicle windows and lug-
gage compartment shall be opened if
not already open.
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(3) An electrical ground shall be at-
tached to the vehicle. The vehicle fuel
filler cap shall be removed and the en-
closure door shall be closed and sealed
within two minutes of cap removal.
The FID (or HFID) trace shall be al-
lowed to stabilize.

(4) The dispensed fuel temperature
recording system shall be started.

(5)(i) Within 10 minutes of closing
and sealing the doors, analyze enclo-
sure atmosphere for hydrocarbons and
record. This is the initial (time=0 min-
utes) hydrocarbon concentration, CHCi,
required in § 86.143–96.

(ii) For methanol-fueled vehicles
only, measure the initial concentration
of methanol as described in § 86.133–
96(i)(6).

(6) Within one minute of obtaining
the initial FID (or HFID) reading, and
methanol reading if applicable, the fuel
nozzle shall be inserted into the filler
neck of the test vehicle, to its maxi-
mum penetration, and the refueling op-
eration shall be started. The plane of
the nozzle’s handle shall be approxi-
mately perpendicular to the floor of
the laboratory. The fuel shall be dis-
pensed at a temperature of 67±1.5 °F
(19.4±0.8 °C) and at a dispensing rate of
9.8±0.3 gal/min (37.1±1.1 liter/min). In
testing conducted by the Adminis-
trator, a lower dispensing rate (no
lower than 4.0 gal/min (15.1 liter/min))
may be used.

(7)(i) Partial refueling test. If the Ad-
ministrator conducts the non-inte-
grated system partial refueling test,
the fuel flow shall continue until the
amount of fuel pumped is equal to the
fuel consumed during the driving, as
determined in accordance with § 86.153–
98(d)(3). The final volume of fuel dis-
pensed must be within one-tenth of a
U.S. gallon (0.38 liter) of the targeted
amount. If automatic nozzle shut-off
occurs prior to this point, the nozzle
shall be reactivated within 15 seconds
and fuel dispensing continued as need-
ed. A minimum of 3 seconds shall
elapse between any automatic shutoff
and subsequent resumption of dispens-
ing.

(ii) For all other refueling tests. The
fuel flow shall continue until the re-
fueling nozzle automatic shut-off is ac-
tivated. The amount of fuel dispensed
must be at least 85 percent of nominal

fuel tank volume, determined to the
nearest one-tenth of a U.S. gallon (0.38
liter). If automatic nozzle shut-off oc-
curs prior to this point, the nozzle
shall be reactivated within 15 seconds
and fuel dispensing continued as need-
ed. A minimum of 3 seconds shall
elapse between any automatic shutoff
and subsequent resumption of dispens-
ing. Dispensing may not be manually
terminated, unless the test vehicle has
already clearly failed the test.

(8)(i) The final reading of the evapo-
rative enclosure FID analyzer shall be
taken 60±5 seconds following the final
shut-off of fuel flow. This is the final
hydrocarbon concentration, CHCf, re-
quired in § 86.143–96. The elapsed time,
in minutes, between the initial and
final FID (or HFID) readings shall be
recorded.

(ii) For methanol-fueled vehicles only.
Measure the final concentration of
methanol as described in § 86.133–
96(m)(2).

(9) For vehicles equipped with more
than one fuel tank, the procedures de-
scribed in this section shall be per-
formed for each fuel tank.

[59 FR 16299, Apr. 6, 1994, as amended at 60
FR 43898, Aug. 23, 1995]

§ 86.155–98 Records required; refueling
test.

The following information shall be
recorded with respect to each test:

(a) Test number.
(b) System or device tested (brief de-

scription).
(c) Date and time of day.
(d) Instrument operated.
(e) Operator.
(f) Vehicle: ID number, manufac-

turer, model year, engine family, evap-
orative/refueling emission family, re-
fueling emission control system, re-
fueling emissions canister continuous
drive purge miles and number of
UDDSs driven for non-integrated sys-
tems, fuel system (including fuel
tank(s) capacity and location), basic
engine description (including displace-
ment, number of cylinders, turbo-
charger (if used), and catalyst usage),
engine code, and odometer reading.

(g) All pertinent instrument informa-
tion including nozzle and fuel delivery
system description. As an alternative,
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a reference to a vehicle test cell num-
ber may be used, with advance ap-
proval of the Administrator, provided
test cell calibration records show the
pertinent instrument information.

(h) Recorder charts: Identify zero,
span, and enclosure gas sample traces.

(i) Enclosure barometric pressure and
ambient temperature: a central labora-
tory barometer may be used, provided
that individual test cell barometric
pressures are shown to be within ±0.1
percent of the barometric pressure at
the central barometer location.

(j) Temperatures: Soak area; dis-
pensed fuel, initial and final.

(k) Fuel dispensing rate(s).
(l) Dispensed fuel volume.
(m) For methanol-fueled vehicles:
(1) Volume of sample passed through

the methanol sampling system and the
volume of deionized water in each im-
pinger.

(2) The methanol concentration in
the reference sample and the peak area
from the GC analysis of the reference
sample.

(3) The peak area of the GC analyses
of the test samples (methanol).

(n) All additional information nec-
essary for the calculations specified in
§ 86.156–98.

[59 FR 16300, Apr. 6, 1994]

§ 86.156–98 Calculations; refueling test.
(a) The calculation of the net hydro-

carbon mass change and methanol
mass change (if applicable) in the en-
closure is used to determine refueling
mass emissions. The mass is calculated
from initial and final hydrocarbon and
methanol (if applicable) concentrations
in ppm carbon, initial and final enclo-
sure ambient temperatures, initial and
final barometric pressures, and net en-
closure volume using the equations of
§ 86.143–96. For vehicles with multiple
tanks, the results for each tank shall
be calculated and then summed to de-
termine overall refueling emissions.

(b) The final results for comparison
with the refueling control emission
standard shall be computed by dividing
the total refueling mass emissions by
the total gallons of fuel dispensed in
the refueling test (see § 86.154–
98(e)(7)(ii)).

(c) The results of all emission tests
shall be rounded, in accordance with

ASTM E 29–67 (reapproved 1980) (as ref-
erenced in § 86.094–28(a)(4)(i)(B)(2)(ii)) to
the number of decimal places con-
tained in the applicable emission
standard expressed to one additional
significant figure.

[59 FR 16300, Apr. 6, 1994]

§ 86.157–98 Refueling test procedures
for liquefied petroleum gas-fueled
vehicles.

(a) Equipment. (1) The sampling and
analytical system shall meet the speci-
fications in § 86.107–98(a) through (i).

(2) The refueling equipment nozzle
specifications shall meet the require-
ments described in § 80.32.

(b) General requirements. (1) The re-
fueling test procedure for light-duty
liquefied petroleum gas-fueled vehicles
and trucks starts with the pre-
conditioning of the vehicle followed by
a refueling emissions measurement.
The test is conducted by following
paragraphs (c) through (f) of this sec-
tion in order.

(2) Ambient temperature levels en-
countered by the test vehicle through-
out the test sequence shall not be less
than 68 °F (20 °C) nor more than 86 °F
(30 °C).

(3) The vehicle shall be approxi-
mately level during all phases of the
test sequence to prevent abnormal fuel
distribution.

(c) Vehicle preconditioning. (1) The ve-
hicle fuel tanks are to be filled with
fuel that meets the specifications in
§ 86.113. Fuel tanks shall be filled to 10
percent of nominal fuel tank capacity,
determined to the nearest one-tenth of
a U.S. gallon (0.38 liter).

(2) The vehicle shall be parked (with-
out starting the engine) within the
temperature range specified in para-
graph (a)(2) of this section for a mini-
mum of one hour and a maximum of six
hours.

(d) Measurement procedure. (1) The
steps prior to the actual refueling
event described in § 86.154–98(b) through
(e)(5) shall be performed.

(2) Within one minute of obtaining
the initial FID (or HFID) reading, the
dispensed fuel nozzle shall be attached
to the vehicle fuel receptacle, and the
refueling operation shall be started. If
the vehicle is equipped with a fixed liq-
uid level gauge or other gauge or valve
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which could be opened to release fuel
or fuel vapor during refueling, and has
not received an exemption as outlined
in §§ 86.098–28(h), 86.001–28(h) or 86.004–
28(h), the fixed level gauge or other
gauges or valves shall be opened after
the dispensing nozzle is attached, but
prior to the start of the refueling oper-
ation. The dispensed fuel must be at a
temperature stabilized to approxi-
mately the same temperature as the
vehicle was in paragraph (c)(2) of this
section. The dispensing rate must be
typical of in-use dispensing rates for
liquefied petroleum gas into light-duty
vehicles and trucks.

(3) The fuel flow shall continue until
the amount of fuel dispensed is at least
85 percent of nominal fuel tank capac-
ity, determined to the nearest one-
tenth of a U.S. gallon (0.38 liter).

(4) Following the fuel shut-off the
fixed liquid level gauge or other gauges
or valves, if open, shall be closed and
the nozzle disconnected.

(5) The final reading of the evapo-
rative enclosure FID (or HFID) ana-
lyzer shall be taken 60 ±5 seconds fol-
lowing the disconnect of the refueling
nozzle. This is the final hydrocarbon
concentration, CHCf, required in § 86.143.
The elapsed time, in minutes, between
the initial and final FID (or HFID)
readings shall be recorded.

(6) For vehicles equipped with more
than one fuel tank, the procedures de-
scribed in this section shall be per-
formed for each fuel tank.

(e) Records required. (1) Test: test
number, system or device tested (brief
description), date and time of day, in-
strument operated, operator, enclosure
barometric pressure and temperature,
recorder charts (identify zero, span,
and enclosure gas traces), fuel dispens-
ing rate(s) and dispensed fuel volume.

(2) Vehicle: ID number, manufac-
turer, model year, engine family, evap-
orative/refueling emission family, fuel
tank(s) capacity, basic fuel system de-
scription and odometer reading.

(3) All pertinent instrument informa-
tion including nozzle and fuel delivery
system description. As an alternative,
a reference to a vehicle test cell num-
ber may be used, with advance ap-
proval of the Administrator, provided
test cell calibration records show the
pertinent instrument information.

(4) All additional information nec-
essary for the calculations specified in
paragraph (f) of this section.

(f) Calculations. (1) The calculation of
the net hydrocarbon mass change in
the enclosure is used to determine re-
fueling mass emissions. The mass is
calculated from initial and final hydro-
carbon concentrations in ppm carbon,
initial and final enclosure ambient
temperatures, initial and final baro-
metric pressures and net volume using
the equations of § 86.143. For vehicles
with multiple tanks, the results for
each tank shall be calculated and then
summed to determine overall refueling
emissions.

(2) The final results for comparison
with the refueling control emission
standard shall be computed by dividing
the total refueling mass emissions by
the total gallons of fuel dispensed in
the refueling test (see paragraph (d)(3)
of this section).

(3) The results of all emission tests
shall be rounded, in accordance with
ASTM E 29–67 to the number of decimal
places contained in the applicable
emission standard expressed to one ad-
ditional significant figure. This proce-
dure has been incorporated by ref-
erence (see § 86.1).

[59 FR 48511, Sept. 21, 1994]

§ 86.158–00 Supplemental Federal Test
Procedures; overview.

The procedures described in §§ 86.158–
00, 86.159–00, 86.160–00, and 86.166–00 dis-
cuss the aggressive driving (US06) and
air conditioning (SC03) elements of the
Supplemental Federal Test Procedures
(SFTP). These test procedures consist
of two separable test elements: A se-
quence of vehicle operation that tests
exhaust emissions with a driving
schedule (US06) that tests exhaust
emissions under high speeds and accel-
erations (aggressive driving); and a se-
quence of vehicle operation that tests
exhaust emissions with a driving
schedule (SC03) which includes the im-
pacts of actual air conditioning oper-
ation. These test procedures (and the
associated standards set forth in sub-
part A of this part) are applicable to
light-duty vehicles and light-duty
trucks.

(a) Vehicles are tested for the ex-
haust emissions of THC, CO, NOX, CH4,
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and CO2. For diesel-cycle vehicles, THC
is sampled and analyzed continuously
according to the provisions of § 86.110.

(b) Each test procedure follows the
vehicle preconditioning specified in
§ 86.132–00.

(c) US06 Test Cycle. The test proce-
dure for emissions on the US06 driving
schedule (see § 86.159–00) is designed to
determine gaseous exhaust emissions
from light-duty vehicles and light-duty
trucks while simulating high speed and
acceleration on a chassis dynamometer
(aggressive driving). The full test con-
sists of preconditioning the engine to a
hot stabilized condition, as specified in
§ 86.132–00, and an engine idle period of
1 to 2 minutes, after which the vehicle
is accelerated into the US06 cycle. A
proportional part of the diluted ex-
haust is collected continuously for sub-
sequent analysis, using a constant vol-
ume (variable dilution) sampler or crit-
ical flow venturi sampler.

(d) SC03 Test Cycle. The test proce-
dure for determining exhaust emissions
with the air conditioner operating (see
§ 86.160–00) is designed to determine
gaseous exhaust emissions from light-
duty vehicles and light-duty trucks
while simulating an urban trip during
ambient conditions of 95 °F, 100 grains
of water/pound of dry air (approxi-
mately 40 percent relative humidity),
and a solar heat load intensity of 850
W/m2. The full test consists of vehicle
preconditioning (see § 86.132–00 para-
graphs (o) (1) and (2)), an engine key-off
10 minute soak, an engine start, and
operation over the SC03 cycle. A pro-
portional part of the diluted exhaust is
collected continuously during the en-
gine start and the SC03 driving cycle
for subsequent analysis, using a con-
stant volume (variable dilution) sam-
pler or critical flow venturi sampler.

(e) The emission results from the ag-
gressive driving test (§ 86.159–00), air
conditioning test (§ 86.160–00), and a
FTP test (§ 86.130–00 (a) through (d) and
(f)) (conducted on a large single roll or
equivalent dynamometer) are analyzed
according to the calculation methodol-
ogy in § 86.164–00 and compared to the
applicable SFTP emission standards in
subpart A of this part (§§ 86.108–00 and
86.109–00).

(f) These test procedures may be run
in any sequence that maintains the ap-

plicable preconditioning elements spec-
ified in § 86.132–00.

[61 FR 54894, Oct. 22, 1996]

§ 86.159–00 Exhaust emission test pro-
cedures for US06 emissions.

(a) Overview. The dynamometer oper-
ation consists of a single, 600 second
test on the US06 driving schedule, as
described in appendix I, paragraph (g),
of this part. The vehicle is
preconditioned in accordance with
§ 86.132–00, to bring it to a warmed-up
stabilized condition. This precondition-
ing is followed by a 1 to 2 minute idle
period that proceeds directly into the
US06 driving schedule during which
continuous proportional samples of
gaseous emissions are collected for
analysis. If engine stalling should
occur during cycle operation, follow
the provisions of § 86.136–90 (engine
starting and restarting). For gasoline-
fueled Otto-cycle vehicles, the compos-
ite samples collected in bags are ana-
lyzed for THC, CO, CO2, CH4, and NOX.
For petroleum-fueled diesel-cycle vehi-
cles, THC is sampled and analyzed con-
tinuously according to the provisions
of § 86.110. Parallel bag samples of dilu-
tion air are analyzed for THC, CO, CO2,
CH4, and NOX.

(b) Dynamometer activities. (1) All offi-
cial US06 tests shall be run on a large
single roll electric dynamometer, or an
approved equivalent dynamometer con-
figuration, that satisfies the require-
ments of § 86.108–00.

(2) Position (vehicle can be driven)
the test vehicle on the dynamometer
and restrain.

(3) Required US06 schedule test dyna-
mometer inertia weight class selec-
tions are determined by the test vehi-
cles test weight basis and correspond-
ing equivalent weight as listed in the
tabular information of § 86.129–94(a) and
discussed in § 86.129–00 (e) and (f).

(4) Set the dynamometer test inertia
weight and roadload horsepower re-
quirements for the test vehicle (see
§ 86.129–00 (e) and (f). The
dynamometer’s horsepower adjustment
settings shall be set to match the force
imposed during dynamometer oper-
ation with actual road load force at all
speeds.

(5) The vehicle speed as measured
from the dynamometer rolls shall be
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used. A speed vs. time recording, as
evidence of dynamometer test validity,
shall be supplied on request of the Ad-
ministrator.

(6) The drive wheel tires may be in-
flated up to a gauge pressure of 45 psi
(310 kPa), or the manufacturer’s rec-
ommended pressure if higher than 45
psi, in order to prevent tire damage.
The drive wheel tire pressure shall be
reported with the test results.

(7) The driving distance, as measured
by counting the number of dynamom-
eter roll or shaft revolutions, shall be
determined for the test.

(8) Four-wheel drive vehicles will be
tested in a two-wheel drive mode of op-
eration. Full-time four-wheel drive ve-
hicles will have one set of drive wheels
temporarily disengaged by the vehicle
manufacturer. Four-wheel drive vehi-
cles which can be manually shifted to a
two-wheel mode will be tested in the
normal on-highway two-wheel drive
mode of operation.

(9) During dynamometer operation, a
fixed speed cooling fan with a maxi-
mum discharge velocity of 15,000 cfm
will be positioned so as to direct cool-
ing air to the vehicle in an appropriate
manner with the engine compartment
cover open. In the case of vehicles with
front engine compartments, the fan
shall be positioned within 24 inches (61
centimeters) of the vehicle. In the case
of vehicles with rear engine compart-
ments (or if special designs make the
above impractical), the cooling fan(s)
shall be placed in a position to provide
sufficient air to maintain vehicle cool-
ing. The Administrator may approve
modified cooling configurations or ad-
ditional cooling if necessary to satis-
factorily perform the test. In approving
requests for additional or modified
cooling, the Administrator will con-
sider such items as actual road cooling
data and whether such additional cool-
ing is needed to provide a representa-
tive test.

(c) The flow capacity of the CVS
shall be large enough to virtually
eliminate water condensation in the
system.

(d) Practice runs over the prescribed
driving schedule may be performed at
test point, provided an emission sample
is not taken, for the purpose of finding
the appropriate throttle action to

maintain the proper speed-time rela-
tionship, or to permit sampling system
adjustment.

(e) Perform the test bench sampling
sequence outlined in § 86.140–94 prior to
or in conjunction with each series of
exhaust emission measurements.

(f) Test activities. (1) The US06 con-
sists of a single test which is directly
preceded by a vehicle preconditioning
in accordance with § 86.132–00. Follow-
ing the vehicle preconditioning, the ve-
hicle is idled for not less than one
minute and not more than two min-
utes. The equivalent dynamometer
mileage of the test is 8.0 miles (1.29
km).

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

(i) Immediately after completion of
the preconditioning, idle the vehicle.
The idle period is not to be less than
one minute or not greater than two
minutes.

(ii) With the sample selector valves
in the ‘‘standby’’ position, connect
evacuated sample collection bags to
the dilute exhaust and dilution air
sample collection systems.

(iii) Start the CVS (if not already
on), the sample pumps, the tempera-
ture recorder, the vehicle cooling fan,
and the heated THC analysis recorder
(diesel-cycle only). The heat exchanger
of the constant volume sampler, if
used, petroleum-fueled diesel-cycle
THC analyzer continuous sample line
should be preheated to their respective
operating temperatures before the test
begins.

(iv) Adjust the sample flow rates to
the desired flow rate and set the gas
flow measuring devices to zero.

(A) For gaseous bag samples (except
THC samples), the minimum flow rate
is 0.17 cfm (0.08 liters/sec).

(B) For THC samples, the minimum
FID (or HFID in the case of diesel-cycle
vehicles) flow rate is 0.066 cfm (0.031 li-
ters/sec).

(C) CFV sample flow rate is fixed by
the venturi design.

(v) Attach the exhaust tube to the
vehicle tailpipe(s).

(vi) Start the gas flow measuring de-
vice, position the sample selector
valves to direct the sample flow into
the exhaust sample bag, the dilution
air sample bag, turn on the petroleum-
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fueled diesel-cycle THC analyzer sys-
tem integrator, mark the recorder
chart, and record both gas meter or
flow measurement instrument read-
ings, (if applicable).

(vii) Place vehicle in gear after start-
ing the gas flow measuring device, but
prior to the first acceleration. Begin
the first acceleration 5 seconds after
starting the measuring device.

(viii) Operate the vehicle according
to the US06 driving schedule, as de-
scribed in appendix I, paragraph (g), of
this part. Manual transmission vehi-
cles shall be shifted according to the
manufacturer recommended shift
schedule, subject to review and ap-
proval by the Administrator. For fur-
ther guidance on transmissions see
§ 86.128–00.

(ix) Turn the engine off 2 seconds
after the end of the last deceleration.

(x) Five seconds after the engine
stops running, simultaneously turn off
gas flow measuring device No. 1 (and
the petroleum-fueled diesel hydro-
carbon integrator No. 1 and mark the
petroleum-fueled diesel hydrocarbon
recorder chart if applicable) and posi-
tion the sample selector valves to the
‘‘standby’’ position. Record the meas-
ured roll or shaft revolutions and the
No. 1 gas meter reading or flow meas-
urement instrument.

(xi) As soon as possible, transfer the
exhaust and dilution air bag samples to
the analytical system and process the
samples according to § 86.140–94 obtain-
ing a stabilized reading of the bag ex-
haust sample on all analyzers within 20
minutes of the end of the sample col-
lection phase of the test.

(xii) Immediately after the end of the
sample period, turn off the cooling fan,
close the engine compartment cover,
disconnect the exhaust tube from the
vehicle tailpipe(s), and drive the vehi-
cle from dynamometer.

(xiii) The CVS or CFV may be turned
off, if desired.

[61 FR 54894, Oct. 22, 1996]

EFFECTIVE DATE NOTE: At 61 FR 54894, Oct.
22, 1996, § 86.159–00 was added. This section
contains information collection and record-
keeping requirements and will not become
effective until approval has been given by
the Office of Management and Budget.

§ 86.160–00 Exhaust emission test pro-
cedure for SC03 emissions.

(a) Overview. The dynamometer oper-
ation consists of a single, 594 second
test on the SCO3 driving schedule, as
described in appendix I, paragraph (h),
of this part. The vehicle is
preconditioned, in accordance with
§ 86.132–00 of this subpart, to bring the
vehicle to a warmed-up stabilized con-
dition. This preconditioning is followed
by a 10 minute vehicle soak (engine off)
that proceeds directly into the SC03
driving schedule, during which contin-
uous proportional samples of gaseous
emissions are collected for analysis.
The entire test, including the pre-
conditioning driving, vehicle soak, and
SC03 official test cycle, is either con-
ducted in an environmental test facil-
ity or under test conditions that simu-
lates testing in an environmental test
cell (see § 86.162–00 (a) for a discussion
of simulation procedure approvals).
The environmental test facility must
be capable of providing the following
nominal ambient test conditions of: 95
°F air temperature, 100 grains of water/
pound of dry air (approximately 40 per-
cent relative humidity), a solar heat
load intensity of 850 W/m2, and vehicle
cooling air flow proportional to vehicle
speed. Section 86.161–00 discusses the
minimum facility requirements and
corresponding control tolerances for
air conditioning ambient test condi-
tions. The vehicle’s air conditioner is
operated or appropriately simulated for
the duration of the test procedure (ex-
cept for the vehicle 10 minute soak), in-
cluding the preconditioning. For gaso-
line-fueled Otto-cycle vehicles, the
composite samples collected in bags
are analyzed for THC, CO, CO2, CH4,
and NOX. For petroleum-fueled diesel-
cycle vehicles, THC is sampled and
analyzed continuously according to the
provisions of § 86.110. Parallel bag sam-
ples of dilution air are analyzed for
THC, CO, CO2, CH4, and NOX.

(b) Dynamometer activities. (1) All offi-
cial air conditioning tests shall be run
on a large single roll electric dyna-
mometer or an equivalent dynamom-
eter configuration that satisfies the re-
quirements of § 86.108–00.

(2) Position (vehicle can be driven)
the test vehicle on the dynamometer
and restrain.
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(3) Required SC03 schedule test dyna-
mometer inertia weight class selec-
tions are determined by the test vehi-
cles test weight basis and correspond-
ing equivalent weight as listed in the
tabular information of § 86.129–00(a) and
discussed in § 86.129–00 (e) and (f).

(4) Set the dynamometer test inertia
weight and roadload horsepower re-
quirements for the test vehicle (see
§ 86.129–00 (e) and (f)). The
dynamometer’s horsepower adjustment
settings shall be set such that the force
imposed during dynamometer oper-
ation matches actual road load force at
all speeds.

(5) The vehicle speed as measured
from the dynamometer rolls shall be
used. A speed vs. time recording, as
evidence of dynamometer test validity,
shall be supplied at request of the Ad-
ministrator.

(6) The drive wheel tires may be in-
flated up to a gauge pressure of 45 psi
(310 kPa), or the manufacturer’s rec-
ommended pressure if higher than 45
psi, in order to prevent tire damage.
The drive wheel tire pressure shall be
reported with the test results.

(7) The driving distance, as measured
by counting the number of dynamom-
eter roll or shaft revolutions, shall be
determined for the test.

(8) Four-wheel drive vehicles will be
tested in a two-wheel drive mode of op-
eration. Full-time four-wheel drive ve-
hicles will have one set of drive wheels
temporarily disengaged by the vehicle
manufacturer. Four-wheel drive vehi-
cles which can be manually shifted to a
two-wheel mode will be tested in the
normal on-highway two-wheel drive
mode of operation.

(c) Vehicle and test activities for testing
in a full environmental cell. The SFTP
air conditioning test in an environ-
mental test cell is composed of the fol-
lowing sequence of activities. Alter-
native procedures which appropriately
simulate full environmental cell test-
ing may be approved under the provi-
sions of §§ 86.162–00(a) and 86.163–00.

(1) Drain and fill the vehicle’s fuel
tank to 40 percent capacity with test
fuel. If a vehicle has gone through the
drain and fuel sequence less than 72
hours previously and has remained
under laboratory ambient temperature

conditions, this drain and fill operation
can be omitted (see § 86.132–00(c)(2)(ii)).

(2)(i) Position the variable speed
cooling fan in front of the test vehicle
with the vehicle’s hood down. This air
flow should provide representative
cooling at the front of the test vehicle
(air conditioning condenser and engine)
during the SC03 driving schedule. See
§ 86.161–00(e) for a discussion of cooling
fan specifications.

(ii) In the case of vehicles with rear
engine compartments (or if this front
location provides inadequate engine
cooling), an additional cooling fan
shall be placed in a position to provide
sufficient air to maintain vehicle cool-
ing. The fan capacity shall normally
not exceed 5300 cfm (2.50 m3/s). If, how-
ever, it can be demonstrated that dur-
ing road operation the vehicle receives
additional cooling, and that such addi-
tional cooling is needed to provide a
representative test, the fan capacity
may be increased or additional fans
used if approved in advance by the Ad-
ministrator.

(3) Close all vehicle windows.
(4) Connect the emission test sam-

pling system to the vehicle’s exhaust
tail pipe(s).

(5)(i) Set the environmental test cell
ambient test conditions to the condi-
tions defined in § 86.161–00.

(ii) Turn on the solar heating system.
(iii) All vehicle test phases of pre-

conditioning, soak, and the official
SC03 test cycle are to be performed in
this set of ambient test conditions.

(6) Set the air conditioning system
controls as follows:

(i) A/C mode setting at Maximum.
(ii) Airflow setting at Recirculate, if

so equipped.
(iii) Fan setting at Highest setting.
(iv) A/C Temperature setting at full

cool (for automatic systems set at 72
°F).

(v) Air conditioning controls should
be placed in the ‘‘on’’ position prior to
vehicle starting so that the air condi-
tioning system is active whenever the
engine is running.

(7) Start the vehicle (with air condi-
tioning system on) and conduct a pre-
conditioning cycle as discussed in
§ 86.132–00(o)(1).

(i) If engine stalling should occur
during any air conditioning test cycle
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operation, follow the provisions of
§ 86.136–90 (Engine starting and restart-
ing).

(ii) For manual transmission vehi-
cles, the vehicle shall be shifted ac-
cording the provisions of § 86.128–00.

(8) Following the preconditioning
cycle, the test vehicle (and con-
sequently the air conditioning system)
and cooling fan(s) are turned off and
the vehicle is allowed to soak in the
ambient conditions of paragraph (c)(5)
of this section for 10 # 1 minutes.

(9) Start engine (with air condi-
tioning system also running). Fifteen
seconds after the engine starts, place
vehicle in gear.

(10) Twenty seconds after the engine
starts, begin the initial vehicle accel-
eration of the driving schedule.

(11) Operate the vehicle according to
the SC03 driving schedule, as described
in appendix I, paragraph (h), of this
part.

(12) Turn the engine off 2 seconds
after the end of the last deceleration.

(d) Exhaust Emission Measurement Ac-
tivities. The following activities are
performed, when applicable, in order to
meet the timing of the vehicle test and
environmental facility activities.

(1) Perform the test bench sampling
calibration sequence outlined in
§ 86.140–94 prior to or in conjunction
with each series of exhaust emission
measurements.

(2) With the sample selector valves in
the ‘‘standby’’ position, connect evacu-
ated sample collection bags to the di-
lute exhaust and dilution air sample
collection systems.

(3) Start the CVS (if not already on),
the sample pumps, the temperature re-
corder, the vehicle cooling fan, and the
heated THC analysis recorder (diesel-
cycle only). The heat exchanger of the
constant volume sampler, if used, pe-
troleum-fueled diesel-cycle THC ana-
lyzer continuous sample line should be
preheated to their respective operating
temperatures before the test begins.

(4) Adjust the sample flow rates to
the desired flow rate and set the gas
flow measuring devices to zero.

(i) For gaseous bag samples (except
THC samples), the minimum flow rate
is 0.17 cfm (0.08 liters/sec).

(ii) For THC samples, the minimum
FID (or HFID in the case of diesel-cycle

vehicles) flow rate is 0.066 cfm (0.031 1/
sec).

(iii) CFV sample flow rate is fixed by
the venturi design.

(5) Attach the exhaust tube to the ve-
hicle tailpipe(s).

(6) Start the gas flow measuring de-
vice, position the sample selector
valves to direct the sample flow into
the exhaust sample bag, the dilution
air sample bag, turn on the petroleum-
fueled diesel-cycle THC analyzer sys-
tem integrator, mark the recorder
chart, and record both gas meter or
flow measurement instrument read-
ings, if applicable.

(7) Start the engine (with air condi-
tioning system also running). Fifteen
seconds after the engine starts, place
vehicle in gear.

(8) Twenty seconds after the engine
starts, begin the initial vehicle accel-
eration of the driving schedule.

(9) Operate the vehicle according to
the SC03 driving schedule.

(10) Turn the engine off 2 seconds
after the end of the last deceleration.

(11) Five seconds after the engine
stops running, simultaneously turn off
gas flow measuring device No. 1 (and
the petroleum-fueled diesel hydro-
carbon integrator No. 1 and mark the
petroleum-fueled diesel hydrocarbon
recorder chart if applicable) and posi-
tion the sample selector valves to the
‘‘standby’’ position. Record the meas-
ured roll or shaft revolutions and the
No. 1 gas meter reading or flow meas-
urement instrument).

(12) As soon as possible, transfer the
exhaust and dilution air bag samples to
the analytical system and process the
samples according to § 86.140 obtaining
a stabilized reading of the bag exhaust
sample on all analyzers within 20 min-
utes of the end of the sample collection
phase of the test.

(13) Immediately after the end of the
sample period, turn off the cooling fan,
close the engine compartment cover,
disconnect the exhaust tube from the
vehicle tailpipe(s), and drive the vehi-
cle from dynamometer.

(14) The CVS or CFV may be turned
off, if desired.

(e) NOX humidity correction. Cal-
culated NOX exhaust emissions from
air conditioning tests conducted in an
environmental test cell at a nominal
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100 grains of water/pound of dry air are
to be corrected for humidity to 100
grains of water/pound of dry air (see
the relationship of § 86.164–00(d)).

[61 FR 54895, Oct. 22, 1996]

EFFECTIVE DATE NOTE: At 61 FR 54895, Oct.
22, 1996, § 86.160–00 was added. This section
contains information collection and record-
keeping requirements and will not become
effective until approval has been given by
the Office of Management and Budget.

§ 86.161–00 Air conditioning environ-
mental test facility ambient re-
quirements.

The goal of an air conditioning test
facility is to simulate the impact of an
ambient heat load on the power re-
quirements of the vehicle’s air condi-
tioning compressor while operating on
a specific driving cycle. The environ-
mental facility control elements that
are discussed are ambient air tempera-
ture and humidity, minimum test cell
size, solar heating, and vehicle frontal
air flow.

(a) Ambient air temperature. (1) Ambi-
ent air temperature is controlled, with-
in the test cell, during all phases of the
air conditioning test sequence to 95 ± 2
°F on average and 95 ± 5eg;F as an in-
stantaneous measurement.

(2) Air temperature is recorded con-
tinuously at a minimum of 30 second
intervals. Records of cell air tempera-
tures and values of average test tem-
peratures are maintained by the manu-
facturer for all certification related
programs.

(b) Ambient humidity. (1) Ambient hu-
midity is controlled, within the test
cell, during all phases of the air condi-
tioning test sequence to an average of
100 ± grains of water/pound of dry air.

(2) Humidity is recorded continu-
ously at a minimum of 30 second inter-
vals. Records of cell humidity and val-
ues of average test humidity are main-
tained by the manufacturer for all cer-
tification related programs.

(c) Minimum test cell size. (1) The rec-
ommended minimum environmental
exhaust emission test cell size is width
20 feet, length 40 feet, and height 10
feet.

(2) Test cells with smaller size di-
mensions may be approved by the Ad-
ministrator if it can be shown that all

of the ambient test condition perform-
ance requirements are satisfied.

(d) Solar heat loading. (1)(i) Accept-
able types of radiant energy emitters
that may be used for simulating solar
heat load are:

(A) Metal halide;
(B) Quartz halogen with dichroic mir-

rors; and
(C) Sodium iodide.
(ii) The Administrator will approve

other types of radiant energy emitters
if the manufacturer can show they sat-
isfy the requirements of this section.

(2) The height of the minimal cell
size will dictate the type of radiant en-
ergy source that will satisfy the spec-
tral distribution and uniformity defini-
tions of this section.

(3) Radiant energy specifications. (i)
Simulated solar radiant energy inten-
sity is determined as an average of the
two points measured at:

(A) Centerline of the test vehicle at
the base of the windshield.

(B) Centerline of the vehicle at the
base of the rear window (truck and van
location defined as bottom of vertical
window or where an optional window
would be located).

(ii) The radiant energy intensity set
point is 850 ±45 watts/square meter.

(iii) The definition of an acceptable
spectral distribution is contained in
the following table:

DEFINITION OF THE SPECTRAL DISTRIBUTION

Band width (nanometers)

Percent of total
spectrum

Lower limit
(percent)

Upper limit
(percent)

<320 ........................................... 0 0
320–400 ..................................... 0 7
400–780 ..................................... 45 55
>780 ........................................... 35 53

Note: Filter the UV region between 280 and 320 wave
lengths.

(iv) The angle of incidence of radiant
energy is defined as 90 degrees from the
test cell floor.

(v) The requirements for measuring
the uniformity of radiant energy are:

(A) The radiant energy uniformity
tolerance is ±15 percent of the radiant
energy intensity set point of 850 watts/
square meter.

(B) The uniformity of radiant energy
intensity is measured at each point of
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a 0.5 meter grid over the entire foot-
print of the test vehicle at the ele-
vation of one meter including the foot-
print edges.

(C) Radiant energy uniformity must
be checked at least every 500 hours of
emitter usage or every six months de-
pending on which covers the shorter
time period; and every time major
changes in the solar simulation hard-
ware occur.

(vi) The radiant energy intensity
measurement instrument specifica-
tions (minimum) are:

(A) Sensitivity of 9 microvolts per
watt/square meter;

(B) Response time of 1 second;
(C) Linearity of ±0.5 percent; and
(D) Cosine of ±1 percent from normal-

ization 0–70 degree zenith angle.
(e) Vehicle frontal air flow. The Ad-

ministrator will approve frontal air
flow based on ‘‘blower in box’’ tech-
nology as an acceptable simulation of
environmental air flow cooling for the
air conditioning compressor and en-
gine, provided the following require-
ments are satisfied.

(1) The minimum air flow nozzle dis-
charge area must be equal or exceed
the vehicle frontal inlet area. Optimum
discharge area is 18 square feet (4.25 x
4.25), however, other sizes can be used.

(2) Air flow volumes must be propor-
tional to vehicle speed. With the above
optimum discharge size, the fan vol-
ume would vary from 0 cubic feet/
minute (cfm) at 0 mph to approxi-
mately 95,000 cfm at 60 mph. If this fan
is also the only source of cell air cir-
culation or if fan operational mechan-
ics make the 0 mph air flow require-
ment impractical, air flow of 2 mph or
less will be allowed at 0 mph vehicle
speed.

(3) The fan air flow velocity vector
perpendicular to the axial flow velocity
vector shall be less than 10 percent of
the mean velocity measured at fan
speeds corresponding to vehicle speeds
of 20 and 40 mph.

(4)(i) Fan axial air flow velocity is
measured two feet from nozzle outlet
at each point of a one foot grid over
the entire discharge area.

(ii) The uniformity of axial flow tol-
erance is 20 percent of the fan speeds
corresponding to vehicle speeds of 20
and 40 mph.

(5) The instrument used to verify the
air velocity must have an accuracy of 2
percent of the measured air flow speed.

(6) The fan discharge nozzle must be
located 2 to 3 feet from the vehicle and
0 to 6 inches above the test cell floor
during air conditioning testing. This
applies to non-wind tunnel environ-
mental test cells only.

(7) The design specifications dis-
cussed in paragraphs (e)(1) through
(e)(5) of this section must be verified
by the manufacturer prior to conduct-
ing certification air conditioning tests.

[61 FR 54897, Oct. 22, 1996]

EFFECTIVE DATE NOTE: At 61 FR 54897, Oct.
22, 1996, § 86.161–00 was added. This section
contains information collection and record-
keeping requirements and will not become
effective until approval has been given by
the Office of Management and Budget.

§ 86.162–00 Approval of alternative air
conditioning test simulations and
descriptions of AC1 and AC2.

The alternative air conditioning test
procedures AC1 and AC2 are approved
by the Administrator for all light-duty
vehicles and light-duty trucks only for
the model years of 2000, 2001, and 2002.
To obtain Administrator approval of
other simulation test procedures a
manufacturer must satisfy the require-
ments of paragraph (a) of this section
and meet the requirements of § 86.163–
00. Air conditioning tests AC1 and AC2
are simulations of the environmental
test cell air conditioning test discussed
in § 86.160–00. AC1 simulates, in stand-
ard test cell ambient conditions and
with the air conditioning off, the ex-
haust emission results of air condi-
tioning operation in an environmental
test cell by adding additional power re-
quirements to roadload dynamometer
requirements. AC2 simulates, in stand-
ard test cell ambient conditions and
with the air conditioning controls in
the heat position, the exhaust emission
results of air conditioning operation in
an environmental test cell by adding a
heat load to the passenger compart-
ment. The only differences between the
test activities described in § 86.160–00
and those for AC1 and AC2 occur as the
result of how the effect of the environ-
mental cell ambient test conditions,
defined in § 86.160–00(c)(5)(i), are simu-
lated in a standard test cell nominal
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ambient conditions of 76 °F and 50
grains of water/pound of dry air. Para-
graph (a) of this section discusses the
procedure by which a manufacturer can
obtain Administrator approval of other
air conditioning test simulation proce-
dures. Paragraph (b) of this section de-
scribes the AC1 test procedure and
paragraph (c) of this section describes
the AC2 test procedure.

(a) Upon petition from a manufac-
turer or upon the Agency’s own initia-
tive, the Administrator will approve a
simulation of the environmental cell
for air conditioning test (SC03) de-
scribed in § 86.160–00 providing that the
procedure can be run by the Adminis-
trator for SEA and in-use enforcement
testing and providing that the criteria
of paragraphs (a)(1)(2), and (3) of this
section are satisfied.

(1) In deciding whether approvals will
be granted, the Administrator may
consider data showing how well the
simulation matches environmental cell
test data for the range of vehicles to be
covered by the simulation including
items such as the tailpipe emissions,
air conditioning compressor load, and
fuel economy.

(2) The Administrator has approved
test procedures AC1 and AC2 for only
the model years of 2000, 2001, and 2002.

(3) Excluding the AC1 and AC2 proce-
dures described in paragraphs (b) and
(c) of this section for model years 2000,
2001, and 2002, for any simulation ap-
proved under paragraph (a) of this sec-
tion, the manufacturer must agree to
be subject to an ongoing yearly cor-
relation spot check as described in
§ 86.163–00.

(4) Once a simulation is approved and
used by a manufacturer for testing for
a given vehicle, EPA agrees to use the
simulation test procedure for all offi-
cial testing conducted on that vehicle
by the Agency for certification, SEA,
and recall purposes, excluding spot
check testing and vehicles which fail
the spot check criteria as described in
§ 86.163–00.

(5) EPA will moniter the aggregate
results of spot check testing and full
environmental test cells. If EPA deter-
mines, based on such aggregate results,
that any simulation (other than the
AC1 and AC2 procedures described in
paragraphs (b) and (c) of this section

for the 2000, 2001, and 2002 model years)
is producing test results consistantly
below those from a full environmental
test cell, EPA may review its approval
of the simulation.

(b) AC1 test procedure. (1) Section
86.160–00(a) is applicable to the AC1 test
procedure except for the discussion of
the environmental test requirements.
The AC1 test procedure simulates the
effect of air conditioning operation in
the environmental cell test conditions
by adding the measured horsepower of
the air conditioning system compres-
sor, converted to an equivalent
roadload component, to the normal dy-
namometer roadload horsepower.

(2) Section 86.160–00(b) is applicable
to the AC1 test procedure except that
the dynamometer horsepower settings
procedure of § 86.160–00(b)(4) is expanded
to include a horsepower increase ad-
justment.

(i) The following describes one ac-
ceptable method of obtaining the re-
quired compressor horsepower and the
corresponding roadload equivalent
horsepower adjustment. Air compres-
sor horsepower is measured during a
SC03 air conditioning test cycle while
operating in an environmental test cell
as described in § 86.160–00.

(A) Install an air conditioning (A/C)
compressor with a strain-gauged input
shaft that measures shaft torque in
foot pounds. Other measurement tech-
niques that produce data that can be
shown will estimate A/C compressor
horsepower are also acceptable.

(B) Obtain the engine crankshaft to
A/C compressor pulley diameter (D)
ratio (ACPR) as:
ACPR=D(crankshaft pulley)/D(A/C pul-

ley)
(C) Record the following parameters,

as a function of accumulated time (t),
at least once per second from second 0
to second 600 while driving the SC03
cycle with the air conditioning system
operating.

(1) Engine revolutions/minute
(ERPMt).

(2) Compressor input torque in foot
pounds (CTt).

(D) For each second of data recorded
from paragraph (b)(2)(i)(C) of this sec-
tion, calculate compressor horsepower
(CHPt) as:
CHPt=(CTt)(ERPMt)(ACPR)/5252
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(E) For each second of accumulated
time and the data of paragraph (b)(2)(i)
(B) and (D) of this section, determine a
value of air conditioning compressor
roadload force (ACRFt) that is equiva-
lent to the air conditioning compressor
force on the engine as:
ACRFt=(CHPt)(375)/Vt.
where:
Vt equals vehicle SC03 cycle speed in miles

per hour for each accumulated second of
time, and 375 is a units constant to convert
(ACRFt) to foot pounds of force.

(F) Values of (ACRFt) at each second
of time are added to the corresponding
roadload dynamometer force require-
ments of § 86.129–00(e) to obtain an ap-
proximation of the force generated by
the vehicle engine during a SC03 test in
an environmental test cell.

(ii) The method by which the values
of (ACRFt) additional dynamometer
load is applied by the dynamometer to
the vehicle tire surface will vary with
dynamometer design and its force sim-
ulation capabilities. If the dynamom-
eter has grade simulation capabilities,
increasing load by simulating varying
grades is one acceptable method of ap-
plying (ACRFt) values.

(iii) For those calculated values of
(ACRFt) which exceed the force capac-
ity of the dynamometer being used for
simulation test, replace the calculated
values with the maximum road force
capacity of the dynamometer. The Ad-
ministrator would normally not expect
(ACRFt) values to exceed dynamometer
capability for time periods of more
than a second.

(iv) Values of (ACRFt) for application
to AC1 testing should be an average of
at least two runs unless the manufac-
turer can demonstrate to the Adminis-
trator that one run repeatability is ac-
ceptable.

(v) Values of (ACRFt) for application
to AC1 testing are to be obtained for
each vehicle and engine family com-
bination. If only one vehicle configura-
tion is selected to represent an engine
family, the selected configuration is
the vehicle expected to produce the
highest air conditioning load require-
ments. A manufacturer may petition
the Administrator to reduce the num-
ber of (ACRFt) test vehicles for their
product line, if they can show that the
highest air conditioning loads are cov-

ered with a lesser number than one per
family.

(vi) Test results, calculations, and
dynamometer setting values associated
with making these roadload determina-
tions are to be retained by the manu-
facturer as part of their certification
records.

(3) Perform the SC03 air conditioning
test sequence as described in § 86.160–
00(c) with the following exceptions:

(i) The variable speed cooling fan of
§ 86.160–00(c)(2)(ii) is replaced with the
fixed speed cooling fan requirements of
§ 86.159–00(b).

(ii) The position of vehicle windows is
optional.

(iii) The nominal ambient air test
conditions of § 86.160–00(b)(5)(i) (A) and
(B) are replaced with 76 °F and 50
grains of water/pound of dry air and
the solar heat load of § 86.160–
00(b)(5)(i)(C) is omitted.

(iv) The air conditioning system is
not operated during the SC03 test
cycle. Operation of the air conditioning
during preconditioning test cycles is
optional.

(4) Section 86.160–00(d) is applicable
to the AC1 test procedure.

(5) NOX humidity correction. Cal-
culated NOX exhaust emissions from
air conditioning tests conducted in a
standard test cell at a nominal 50
grains of water/pound of dry air are
corrected for humidity to 75 grains of
water/pound of dry air (see the rela-
tionship of § 86.144–94(c)(7)(iv)(B)).

(c) AC2 test procedure. (1) section
86.160–00(a) is applicable the AC2 test
procedure except for the discussion of
the environmental test requirements.
The AC2 test procedure simulates the
effect of air conditioning operation in
the environmental cell test conditions
by adding heat from the vehicle’s heat-
ing system to the interior of the pas-
senger compartment.

(2) Section 86.160–00(b) is applicable
to the AC2 test procedure.

(3) Section 86.160–00(c) is applicable
except for the following:

(i) Section 86.160–00(c)(3) is applicable
except the drivers side front window is
left open and all the others are closed.

(ii) The nominal ambient air test
conditions of § 86.160–00(b)(5)(i) (A) and
(B) are replaced with 76 °F and 50
grains of water/pound of dry air and
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the solar heat load of § 86.160–
00(b)(5)(i)(C) is omitted.

(iii) The control position instruction
of § 86.160–00(c)(6)(iv) is replaced with
set the A/C temperature control to the
highest warm position (maximum for
automatic systems).

(4) Section 86.160–00(d) is applicable
to the AC2 test procedure.

(5) NOx humidity correction. Calculated
NOX exhaust emissions from air condi-
tioning tests conducted in a standard
test cell at a nominal 50 grains of
water/pound of dry air are corrected for
humidity to 75 grains of water/pound of
dry air (see the relationship of § 86.144–
94(c)(7)(iv)(B)).

[61 FR 54898, Oct. 22, 1996]

EFFECTIVE DATE NOTE: At 61 FR 54898, Oct.
22, 1996, § 86.162–00 was added. This section
contains information collection and record-
keeping requirements and will not become
effective until approval has been given by
the Office of Management and Budget.

§ 86.162–03 Approval of alternative air
conditioning test simulations.

(a) Upon petition from a manufac-
turer or upon the Agency’s own initia-
tive, the Administrator will approve a
simulation of the environmental cell
for air conditioning test (SC03) de-
scribed in § 86.160–00 providing that the
procedure can be run by the Adminis-
trator for SEA and in-use enforcement
testing and providing that the follow-
ing criteria are met:

(1) In deciding whether approvals will
be granted, the Administrator will con-
sider data showing how well the sim-
ulation matches environmental cell
test data for the range of vehicles to be
covered by the simulation including
items such as the tailpipe emissions,
air conditioning compressor load, and
fuel economy.

(2) For any simulation approved
under paragraph (a) of this section, the
manufacturer must agree to be subject
to an ongoing yearly correlation spot
check as described in § 86.163–00.

(3) Once a simulation is approved and
used by a manufacturer for testing for
a given vehicle, EPA agrees to use the
simulation test procedure for all offi-
cial testing conducted on that vehicle
by the Agency for certification, SEA,
and recall purposes, excluding spot
check testing and vehicles which fail

the spot check criteria as described in
§ 86.163–00.

(4) EPA will moniter the aggregate
results of spot check testing and full
environmental test cells. If EPA deter-
mines, based on such aggregate results,
that any simulation is producing test
results consistantly below those from a
full environmental test cell, EPA may
review its approval of the simulation.

(b) [Reserved]

[61 FR 54899, Oct. 22, 1996]

EFFECTIVE DATE NOTE: At 61 FR 54899, Oct.
22, 1996, § 86.162–03 was added. This section
contains information collection and record-
keeping requirements and will not become
effective until approval has been given by
the Office of Management and Budget.

§ 86.163–00 Spot check correlation pro-
cedures for vehicles tested using a
simulation of the environmental
test cell for air conditioning emis-
sion testing.

This section is applicable for vehicles
which are tested using a simulation of
the environmental test cell approved
under the provisions of § 86.162–00(a).

(a) The Administrator may select up
to five emission data vehicles (one
emission data vehicle for small volume
manufacturers), including vehicles sub-
mitted for running change approval,
each model year for any manufacturer
undergoing the spot checking proce-
dures of this section.

(b) Testing conducted under this sec-
tion (including testing performed in an
environmental test cell) will be consid-
ered as official data as described in
§ 86.091–29 and used in determining com-
pliance with the standards. Such test-
ing must comply with all applicable
emission standards of subpart A of this
part. Retests for the purpose of emis-
sion compliance will be allowed using
the procedures described in § 86.091–29.

(c) Spot check procedures. (1) Subject
to the limitations of paragraphs (a) and
(d)(2)(iii) of this section, the Adminis-
trator may require that one or more of
the test vehicles which use a simula-
tion rather than actual testing in an
environmental test cell for air condi-
tioning emission testing be submitted
at a place the Administrator will des-
ignate for air conditioning emission
testing in an environmental test cell as
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described in § 86.160–00. The Adminis-
trator may order this testing to be con-
ducted at a manufacturer facility. All
manufacturers which use a simulation
instead of environmental cell testing
must have access to an environment
test cell meeting the requirements of
§ 86.161–00 to perform this testing.

(2) An air conditioning emission test
will be performed as described in
§ 86.162–00 in a full environmental test
cell.

(i) The results of the original simula-
tion test and the full environmental
test cell required in paragraph (c)(1) of
this section are compared. In order to
pass the spot check, the test results
must pass both the following two cri-
teria:

(A) The NOX emission results of the
simulation test must be at least 85% of
the NOX emission results of the envi-
ronmental chamber test.

(B) The fuel consumption of the sim-
ulation test must be at least 95% of the
fuel consumption of the environmental
chamber test.

(ii) If either of two criteria of para-
graph (c)(2)(i) of this section were not
met, a retest is allowed. The manufac-
turer may elect to conduct either a
retest of the simulation procedure or
the environmental chamber testing. In
order to pass the spot check, the test
results must pass both the following
two criteria using the retest test re-
sult.

(A) The NOX emission results of the
simulation test must be at least 85% of
the NOX emission results of the envi-
ronmental chamber test.

(B) The fuel consumption of the sim-
ulation test must be at least 95% of the
fuel consumption of the environmental
chamber test.

(iii) If either of the two criteria of
paragraph (c)(2)(ii) of this section were
not met, a second retest is allowed.
The procedure not selected for the first
retest must be used for the second
retest, yielding two test results for
each procedure. In order to pass the
spot check, the test results must pass
both the following two criteria using
the average test result for each proce-
dure:

(A) The NOX emission results of the
simulation test must be at least 85% of

the NOX emission results of the envi-
ronmental chamber test.

(B) The fuel consumption of the sim-
ulation test must be at least 95% of the
fuel consumption of the environmental
chamber test.

(iv) If the spot check criteria have
not passed after any of the initial test,
the first retest, or the second retest
the spot check is considered failed.

(d) Consequences of failing a spot
check. (1) If the emission results of the
testing using the environmental test
chamber passes all the applicable
standards, those test results may be
used to obtain a certificate of conform-
ity.

(2) The Administrator will allow up
to 60 days for the manufacturer to sup-
ply additional data addressing the cor-
relation of the simulation with a full
environmental test cell.

(i) If that data prove to the satisfac-
tion of the Administrator that the sim-
ulation produces results that correlate
sufficiently with the environmental
test chamber, the Administrator may
allow the continued use of the simula-
tion.

(ii) Otherwise, the Administrator will
determine that the simulation fails to
meet adequate correlation levels with
full environmental testing. As a con-
sequence of this finding, all future air
conditioning emission testing on the
population of vehicles represented by
the failing-spot-check test vehicle
(which may include past model year
configurations) will be conducted using
an environment chamber or a different
(or corrected) approved simulation pro-
cedure.

(iii) For each vehicle that fails a spot
check, the Administrator may select
up to two additional vehicles to test
for the spot check that do not count
against the five vehicle limit of para-
graph (a) of this section.

(e) EPA will monitor the aggregate
results of spot check testing and full
environmental test cells. If EPA deter-
mines, based on such aggregate results,
that any simulation (other than the
AC1 and AC2 procedures described in
paragraphs (b) and (c) of this section
for the 2000, 2001, and 2002 model years)
is producing test results consistently
below those from a full environmental

VerDate 25<JUN>98 07:53 Jul 29, 1998 Jkt 179152 PO 00000 Frm 00527 Fmt 8010 Sfmt 8010 Y:\SGML\179152T.XXX pfrm03 PsN: 179152T



532

40 CFR Ch. I (7–1–98 Edition)§ 86.164–00

test cell, EPA may review its approval
of the simulation.

[61 FR 54899, Oct. 22, 1996]

§ 86.164–00 Supplemental Federal Test
Procedure calculations.

(a) The provisions of § 86.144–94 (b)
and (c) are applicable to this section
except that the NOX humidity correc-
tion factor of § 86.144–94(c)(7)(iv) must
be modified when adjusting SC03 envi-
ronmental test cell NOX results to 100
grains of water (see paragraph (d) of
this section). These provisions provide
the procedures for calculating mass
emission results of each regulated ex-
haust pollutant for the test schedules
of FTP, US06, and SC03.

(b) The provisions of § 86.144–94(a) are
applicable to this section. These provi-
sions provide the procedures for deter-
mining the weighted mass emissions
for the FTP test schedule (Ywm).

(c)(1) When the test vehicle is
equipped with air conditioning, the
final reported test results for the SFTP
composite (NMHC+NOX) and optional
composite CO standards shall be com-
puted by the following formulas.

(i) YWSFTP=0.35(YFTP)+0.37(YSC03)
0.28(YUS06)
Where:

(A) YWSFTP=Mass emissions per mile
for a particular pollutant weighted in
terms of the contributions from the
FTP, SC03, and US06 schedules. Values
of YWSFTP are obtained for each of the
exhaust emissions of NMHC, NOX, and
CO.

(B) YFTP=Weighted mass emissions
per mile (Ywm) based on the measured
driving distance of the FTP test sched-
ule.

(C) YSC03=Calculated mass emissions
per mile based on the measured driving
distance of the SC03 test schedule.

(D) YUS06=Calculated mass emissions
per mile based on the measured driving
distance of the US06 test schedule.

(ii) Composite (NMHC+NOX) =
YWSFTP(NMHC) + YWSFTP(NOX)
Where:

(A) YWSFTP(NMHC)=results of para-
graph (c)(1)(i) of this section for NMHC.

(B) YWSFTP(NOX)=results of paragraph
(c)(1)(i) of this section for NOX.

(2) When the test vehicle is not
equipped with air conditioning, the re-

lationship of paragraph (c)(1)(i) of this
section is:

(i) YWSFTP=0.72(YFTP)+0.28(YUS06)
Where:

(A) YWSFTP=Mass emissions per mile
for a particular pollutant weighted in
terms of the contributions from the
FTP and US06 schedules. Values of
YWSFTP are obtained for each of the ex-
haust emissions of NMHC, NOX, and
CO.

(B) YFTP=Weighted mass emissions
per mile (Ywm) based on the measured
driving distance of the FTP test sched-
ule.

(C) YUS06=Calculated mass emissions
per mile based on the measured driving
distance of the US06 test schedule.

(ii) Composite (NMHC+NOX) =
YWSFTP(NMHC) + YWSFTP(NOX)
Where:

(A) YWSFTP(NMHC)=results of para-
graph (c)(2)(i) of this section for NMHC.

(B) YWSFTP(NOX)=results of paragraph
(c)(2)(i) of this section for NOX.

(d) The NOX humidity correction fac-
tor for adjusting NOX test results to
the environmental test cell air condi-
tioning ambient condition of 100 grains
of water/pound of dry air is:

KH (100)=0.8825/[1–0.0047(H–75)]
Where:
H=measured test humidity in grains of

water/pound of dry air.

[61 FR 54900, Oct. 22, 1996]

Subpart C—Emission Regulations
for 1994 and Later Model Year
Gasoline-Fueled New Light-
Duty Vehicles and New Light-
Duty Trucks; Cold Tempera-
ture Test Procedures

SOURCE: 57 FR 31916, July 17, 1992, unless
otherwise noted.

§ 86.201–94 General applicability.
(a) This subpart describes procedures

for determining the cold temperature
carbon monoxide (CO) emission from
1994 and later model year new gasoline-
fueled light-duty vehicles and light-
duty trucks.

(b) All of the provisions of this sub-
part are applicable to testing con-
ducted at a nominal temperature of 20
°F (¥7 °C).
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