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Vehi cl es Under 8,500 Pounds G oss Vehicle Wi ght
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The Air Resources Board (ARB) staff, in a
cooperative effort with the United States Environnental
Protection Agency (U.S. EPA), investigated the
representiveness of the notor vehicle certification test
procedure as conpared to current conditions under which
nmotor vehicles are used. Specifically, the Federal Test
Procedure (FTP) was reviewed in the context of its
representation of current driving behavior and air-
conditioning (A/C) usage, and the associ ated exhaust
em ssions. It was found that a significant portion of
current driving conditions were not included in the FTP.

This notice provides the background of the ARB
regul at ory devel opnent to control these non-FTP exhaust
em ssions and the staff’s draft regulatory proposal. Due
to the coordinated efforts with the U S. EPA, staff is
proposing identical new test procedure elenents to the
recently adopted federal requirenments. Wile staff
proposes the sane federal em ssion standards for the new
test procedures applicable to California-certified “Tier
1" vehicles and transitional -l owem ssion vehicles
(TLEV), staff is proposing nore stringent em ssion
standards for | owem ssion vehicles (LEVS), ultra-|ow
em ssion vehicles (ULEVs), and super-ultra-|ow em ssion
vehi cl es (SULEVs).



BACKGROUND

To collect data on current driving behavior, driving
surveys were conducted in four nmajor netropolitan areas,
including the G eater Los Angeles Metropolitan Area,
during the Spring and Summer of 1992. The results of
this study are published in the “Final Technical Report
on Aggressive Driving Behavior for the Revised Federal
Test Procedure Notice of Proposed Rul emaking” by U S. EPA
on January 31, 1995. One of the conclusions in the study
was that driving representation in the FTP did not
i nclude 28 percent of current vehicle mles traveled and
13 percent of the current vehicle driving tine. Mst of
this underrepresented driving occurred during high speed
or high load type conditions. Consequently, the U S. EPA
and the ARB fornmed an Ad Hoc Commttee with the nenbers
of the Anerican Autonobile Manufacturers Association
(AAMR), the Association of International Autonobile
Manuf acturers (AlAM, to investigate options for
addressing revisions to the FTP.

Data were al so generated to determ ne the em ssion
i npact of A/ C usage through various test prograns.

Current FTP representation of the A/C usage is sinulated
by increasing the dynanoneter road-|oad horsepower by 10
percent. The test prograns to evaluate the A/C effect
are described in the U S. EPA “Final Technical Report on
Air Conditioning for the Federal Test Procedure Revisions
Noti ce of Proposed Rul emaki ng,” published January 31,
1995. As docunented in the report, a U S. EPA test
program conpared the FTP em ssion increase between 1) A/C
off wwth the 10 percent increase in dynanoneter |oad and
2) A/IC operating without the 10 percent increase in
dynanoneter |load. The results indicated that the 10
percent increase in dynanoneter |oad underrepresents the
actual A/Cload on the engine. To determ ne the em ssion
| evels attributable to A/ C usage on a hot sumrer day, a
not or vehicle industry test program using an
environnental test cell, showed significant em ssion

i ncreases associated with turning the A/C on. Mbst
significant were the oxides of nitrogen (NOx) em ssions,
whi ch increased, on average, by 92 percent when the A/IC
was turned on during the FTP test. The data fromthe
test progranms show that A/C em ssions are substantial and
under presented by the current FTP.



FEDERAL RULEMAKI NG

On Cctober 22, 1996, the U S. EPA pronul gated final
regul ati ons® for the adoption of standards and test
procedures to address aggressive driving, rapid speed
fluctuations, driving behavior followng startup, and air
condi ti oning usage. These new regul ations are applicable
to federally-certified “Tier 1" passenger cars, |i1ght
light-duty trucks (0 - 5750 pounds | oaded vehicle
wei ght), and heavy Iight-dutK trucks (over 3751 pounds
adj usted | oaded vehicle weight)2 These standards are
phased-in beginning in the 2000 nodel year. The primary
el emrent of the federal rul emaking was the adoption of a
Suppl enment al Federal Test Procedure (SFTP), which
i ncluded an aggressive new driving test and an A/ C test.
The aggressive driving test is based on a new USO6
driving schedule (shown in Figure 1). This high speed
and high acceleration test cycle was derived fromdriving
surveys conducted in 1992.

The new federal A/C test will be used to control
exhaust em ssions associated with real-world vehicle A/IC
usage. The A/C test is based on a new hot-start driving

Figure 1. USO06 Driving Schedule
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cycle, the SCO3 which is shown in Figure 2. The vehicle
woul d be tested in a full environnental chanmber with the
A/C on. The full environnmental chanber woul d sinul ate

t he anbi ent conditions the vehicle would experience on a
hot summer day.

! Vol. 61 F.R 54851 (October 22, 1996).

2 The federal heavy |ight-duty truck category is the sane as
the California mediumduty vehicle category under 8500 pounds gross
vehi cl e wei ght rating.
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Figure 2. SCO03 Driving Schedule
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Conposi t e non-net hane hydrocar bon ( NVHC) Plus oxi des
of nitrogen (NOx) em ssion standards were devel oped for
conpliance with the SFTP tests rather than the
traditional stand-al one NVHC and NOx standards. The
standards adopted for NVHC plus NOx em ssions, as well as
for CO em ssions, were based on useful life.

Al so adopted as part of the SFTP regul ations are
provisions to use a 48-inch single-roll dynanoneter
with electronic control of power absorption.
Dynanonet er i nprovenents are needed due to the higher
Pomer absorption requirenents of the USO6 cycle. The

arge rolls and electronic inertia sinulation in these
new dynanoneters provide a nore realistic
representation of actual road |oad forces conpared to
the current dynanoneter systens which use small 8-inch
rolls, mechanical inertia sinulation, and hydrokinetic
power absorption. The federal requirenments for the
use of the 48-inch single-roll dynanoneter are
applicable to vehicles subjected to the SFTP

requi renents. For these vehicles, both FTP and SFTP
testing would be conducted with the inproved
dynanonet er system

TEST PROGRAMS
Several test prograns were conducted by the ARB

and jointly by AAVA and AIAM to investigate the SFTP
em ssion levels of current production and future



vehicles. The SFTP tests are described in detai

under “Description of the Staff Proposal.” The data
fromthe test prograns were used to determ ne a single
set of SFTP em ssion standards for LEVs, ULEVs, and
SULEVs. In the ARB test programs, over thirty
production vehicles were tested. AAMA and Al AM
supported the standard-setting process by providing
SFTP data on over twenty LEV-prototypes. These data
provi ded insight into the SFTP em ssion
characteristics of future vehicles.

Si nce the begi nning of these test prograns in
1996, ARB staff and notor vehicle industry
representatives have nmet on a regular basis to discuss
the test prograns and the generated data. During the
execution of the ARB test program manufacturers
provi ded i nput on test vehicle information, US06 and
A/ C testing concerns, and other related issues.

Anal ysis of the test data was conducted by al
parties, affording numerous discussions of test data
Interpretation in the context of the ARB SFTP
standard-setting.

ARB Test Prograns

ARB conducted two test progranms using rental
vehi cles. Al though the conposite FTP em ssions of the
majority of the test vehicles are higher than those
expected for a typical LEV, the warmed-up FTP
em ssions (Bags 2 and 3), which are better indicators
of whether the vehicle would perform LEV-1ike on the
SFTP conditions, were LEV-1ike on nost of the test
vehicles. Based on the warned-up FTP em ssions, 80
percent of the test vehicles in the USO6 test program
were considered LEV-1ike while 60 percent of the
vehicles were LEV-like in the A/IC test program

To reduce SFTP em ssions, an em ssion control
techni que known as “rich-bias” calibration was used.
“Rich-bias” calibration refers to nodifying the engine
calibration for specific speed and | oad points such
that the engine is operating with slightly nore fuel
than is needed for stoichionetric conbustion. The
“rich-bias” allows for better NOx catal ytic conversion
efficiency conpared to stoichionmetric conditions.
Various “rich-bias” set points were tested until an
optimal set point was found which exhibited the | owest
US06 or A/ C NVHC plus NOx emi ssions. During A/IC
testing on several vehicles, stable NVHC pl us NOx
em ssions were not obtainable using the “rich-bias”
calibration due to On-Board D agnostics |
interference. These vehicles were not included in the
standard-setting process and will not be discussed in
thi s docunent.

In 1996, the ARB tested el even passenger cars,
one light-duty truck, and six nmediumduty vehicles to
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determne their |owmleage USO6 em ssion |evels.

(See Appendix A.) The average uncontrolled and NVHC
pl us NOx em ssions are shown in Table 1. The

optim zed em ssion |levels using the “rich-bias”
calibration are also shown in Table 1. The optim zed
passenger car NWVHC plus NOx em ssions averaged

0.095 g/m conpared to the average baseline of

0.255 g/m, a reduction of 63 percent. Simlar trends
were observed on the light-duty trucks and the nmedi um
duty vehicl es.

From | ate-1996 to the begi nning of 1997, staff
guantified the em ssions from A/ C usage on LEV-Ilike
vehicles. A second test programwas conducted on
ei ght passenger cars, and eight light-duty trucks and
medi um duty vehicles. (See Appendix B.) An A/C
simul ati on was used to mmc vehicle exhaust em ssions
during A/ C usage on a hot sumer day. Although this
si mul ati on does not consistently correlate well wth
the full environmental chanber, it is generally
bel i eved that sinulation averages aPproxinater 80 to
85 percent of the full environnental A/ C-on em ssions.
The light-duty truck and nmedi umduty vehicle portion
of the test program was conducted in an expedited
manner; consequently, duplicate tests at the opti nal
setting were not perforned. 1In addition, optinma
em ssion results of several vehicles were not
possi ble. (See Appendix B, Table 3.) As shown in
Tabl e 1, the average baseline passenger car A/ C-on
NVHC plus NOx em ssions on the SCO3 cycle were
0.360 g/m. Using the “rich-bias” strategy, the
passenger car NWVHC plus NOx em ssions averaged
0.131 g/m, a 64 percent reduction. Mdest NVHC pl us
NOx reductions were observed on the light-duty trucks
and nedi um duty vehi cl es.

Manuf act urer Test Prograns

Manuf acturers provided | owm | eage SFTP data on
LEV-prototype light-duty trucks and nmedi um duty
vehicles. US0O6 data were generated on five nmedium
duty vehicles from 3751-5750 pounds test wei ght and
four medi umduty vehicles from 5751-8500 pounds test



wei ght. The A/C test was al so conducted on four

light-duty truck, three mediumduty vehicles from

3751-5750 pounds test weight and one nmedi um duty

vehicle from 5751-8500 pounds test weight. The NVHC

plus NOx emi ssion results are shown in Table 2 bel ow.
In general, the manufacturer LEV-prototypes

emtted higher SFTP NVHC plus NOx em ssion | evels than

the optim zed em ssions of the ARB test vehicles.

This was due to several reasons. First, different

| evel s of em ssion optimzations were perfornmed on the

Table 1. ARB Test Prograns: Conparison of US06 and
A/ C Average Baseline and Optim zed NVHC pl us NOx
Em ssions (g/m)

US06 A C
Vehicle | Weight (Ibs.)
d ass Baseline | Optimzed | Baseline | Optim zed
PC Al 0. 255 0. 095 0. 360 0.131
LDT 3,751-5,750 LVW | 0. 418 0. 156 0. 277 0. 166
MDV 3,751-5,750 TW 0. 326 0. 155 0. 091 0. 091
MDV 5, 751- 8,500 TW 0. 558 0. 267 0. 420 0. 313

A “LVWW is |oaded vehicle weight, which is the vehicle's curb
wei ght plus 300 pounds.
B “TW is test weight, which is the average of the vehicle's curb

wei ght and the gross vehicl e weight.

Table 2. Manufacturer Test Progranms. US06 and A/ C
NVHC pl us NOx Emi ssions (g/m)
Vehicle C ass Wei ght (I bs.) US06 A C
LDT 3,751-5,750 LW | - 0.273
MDV 3,751-5, 750 TW 0. 382 0. 380
VDV 5, 751- 8,500 TW 0. 623 0. 301

A “LVW is |oaded vehicle weight, which is the vehicle's curb

wei ght plus 300 pounds.
B “TW is test weight, which is the average of the vehicle's curb
wei ght and the gross vehicl e weight.

manuf acturer vehicles. Sonme of the test vehicles were
not optimzed in terns of the SFTP conditions while

ot hers had various degrees of em ssion optim zation.
Secondly, sone of the vehicles in the USO6 test
program were tested at a higher inertial weights than
required for the USO6 test, and thus overstated

em ssions. Finally, two of the test vehicles were
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tested at significantly higher mleage than the other
test vehicl es.

DESCRI PTI ON OF THE STAFF PROPOSAL

Staff proposes the adoption of the new SFTP which
consi sts of an aggressive driving test procedure and
the A/C simulation test procedure for California-
certified vehicles. See Appendix Cto E for the
regul atory text of staff’s proposal. Staff is
proposi ng identical US0O6 and A/C test procedure
requi renents as adopted by the U S. EPA

For LEVs, ULEVs, and SULEVs, staff proposes a
single set of SFTP NMHC plus NOx em ssion standards at
4,000 mles. Due to uncertainties associated with
SFTP em ssions deterioration at high m|eage on LEV-

i ke vehicles, staff is not proposing SFTP useful life
standards at this tine. Although SFTP em ssions may
be nore sensitive to deterioration of em ssion control
conponents than the FTP em ssions, the LEV FTP exhaust
deterioration will be a good indicator of SFTP

em ssion deterioration. Since manufacturers are
liable for their vehicles to conply with FTP useful
life em ssion standards, staff expects that SFTP

em ssion deterioration will be indirectly controll ed.
In addition, with On-Board Di agnostics Il nonitoring
of the exhaust conponents and em ssions, a | ow m | eage
standard for USO6 and A/C em ssions wll be protective
of SFTP em ssion benefits. Staff reconmends
revisiting the regulations, if necessary, in the
future when in-use vehicles certified to these
standards and test procedures are avail able for
testing and eval uati on.

USO6 Test Procedure

The USO6 exhaust test, using the driving schedul e
shown in Figure 1, is conducted as a hot-stabilized
test, such that the vehicle is running fully warnmed-up
with the critical em ssion control conponents (e.g.,
the catalytic converter and the oxygen sensor(s)) at
typi cal operating tenperatures. Since the test does
not include start-up em ssions, the engine is not
turned of f between the preconditioning drive and the
exhaust test. Several vehicle ﬁreconditioning options
are allowed in order for the vehicle to reach the hot
stabilized condition. Imedi ately follow ng the
preconditioning drive, the official US06 exhaust test
I' S conduct ed.

Adj ustnents to the USO6 test cycle are all owed
for those vehicles for which sone of the US06
accel erations may be too severe. One such adjustnent
is for | ow powered vehicles. Five w ndows, varying
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from 14 to 30 seconds, have been identified where

adj ustnents can be allowed. |If the vehicle is at

w de-open throttle for at |east eight seconds wthin
each w ndow, a dynam c | oad dynanoneter adjustnent is
applied to decrease its dynanoneter | oad such that the
vehicle is operating at |ess than w de-open throttle.
Once the wi ndow ends, the dynam c | oad adj ustnent can
not be applied. A second adjustnent is for nmedium
duty vehicles. Fromthe driving surveys, it was
determ ned that, on average, these vehicles tend to be
driven at | ower speeds, and |ess aggressively at

hi gher speeds than passenger cars. Thus, a | ower US06
dynanoneter inertia test weight than the FTP is

al l owed; the USO6 inertia weight will be based on the
curb weight plus 300 pounds. (For FTP testing, the
dynanoneter i1nertia weight is determned by the test
wei ght, the average of the curb weight and the gross
vehicle weight.) For FTP testing, the use of the test
wei ght to determ ne the dynanoneter inertia weight is
unchanged.

Consistent with the federal SFTP requirenent, a
mnimumair-fuel ratio calibration is required to
prevent excessive CO em ssions during conmanded fue
enrichment. This requirenent specifies that the air-
fuel ratio may not, at any tinme, be richer than the
| eanest air-fuel mxture required to obtain maxi num
engine torque (ternmed “l ean best torque”), with a
tol erance of six percent of the |ean best torque fuel
consunption. |If additional enrichnment beyond | ean
best torque is required for engine or em ssion control
har dware protection, the manufacturer may submt a
request for ARB approval.

A C Test Procedure

The A/ C exhaust test is conducted as a hot-start
test using the new SC03 cycle (shown in Figure 2),
such that the vehicle is fully warnmed up with the
critical em ssion control conponents (e.g., the
catal ytic converter and the oxygen sensor(s)) at
typi cal operating tenperatures. The test is conducted
ina full environnmental chanber with the A/C turned
on. The full environnental chanber sinulates the
anbi ent conditions of a hot sumrer day. The facility
anbi ent specifications include a high anbi ent
tenperature (95°F), solar heat |oad (850 watts per
square neter), humdity (100 grains of water per pound
of dry air), and wnd effects (proportional-speed
cooling fan requirenents).

8 uUs EPA Fi nal Techni cal Report on Aggressive Driving
Behavi or for the Revised Federal Test Procedure Notice of Proposed
Rul emaki ng. January 31, 1995.
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As an alternative, an A/AC simulation in the
standard test cell can be used if it is denonstrated
to correlate with the full environnmental chanber. To
account for variability, the mninumcriteria are that
the vehicle’s A/C-on em ssions using the sinulation
must be at |east 85 percent of the NOx em ssions and
95 percent of the fuel econony associated with the
full environmental chanber. To obtain approval to use
an alternative procedure, the manufacturer nust submt
a description of the sinulation; additional required
instrunmentation, if any; data denonstrating the
correlation between the sinulation and the ful
envi ronnent al chanber; and any vehicle-specific
par anet er s.

The Executive Oficer would have the authority to
conduct testing either before or after certification
to confirmthat the sinmulation correlates with the
full environmental chanber. During testing, if the
sel ected vehicles fail the correlation criteria, the
manuf acturer can provide additional data to
denonstrate that the sinulation correlates to the ful
envi ronnental chanber. |If this can not be
denonstrated, the manufacturer nmust submt an
engi neering evaluation of the cause of the inproper
sinmul ation and the extent of the vehicles affected.
The manufacturer will be given an opportunity to
correct the failed sinmulation. Oherw se, no further
A/ C testing using the sinmulation will be accepted.
VWiile there is no penalty for failing the correlation
denonstration, enforcenent testing may be conducted
with either the full environnmental chanber or the
corrected sinulation.

In the first three years of the SFTP phase-in
(2001 to 2003 MY), manufacturers may use two A/ C
simulations in a standard test cell w thout ful
envi ronnment al chanber correlation approval. Al though
t hese sinul ati ons have been shown to correlate with
the full environmental chanber on some vehicles, the
si mul ati ons have not consistently net the correl ation
criteria specified above. By allow ng the use of
these sinulations, additional tine is provided for
manuf acturers to deveIoP an adequate sinulation which
correlates with the full environnental chanber.
Beginning in the 2004 MY, only sinulations which have
been adequately proven to correlate with the ful
envi ronnent al chanber will be all owed.

US06 _and A/ C St andards

Staff proposes the standards shown in Table 3
applicable to gasoline, diesel, alternative fuel, and
hybrid electric passenger cars, light-duty trucks, and
medi um duty vehi cl es under 8,501 pounds gross vehicle
wei ght rating (GWWR), certified to the LEV, ULEV, and
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SULEV FTP exhaust em ssion standards. These proposed
SFTP standards are applicable at 4,000 mles. The

st andards were devel oped based on the results of the
ARB and the notor vehicle industry test

prograns descri bed above. Staff evaluated the test
data in the context of whether the vehicle was LEV-
i ke and made appropriate adjustnments to the
conpliance margin factor. (The conpliance margin
factor allows for a headroom between the vehicle

em ssion |l evels and the em ssion standards to account
for various sources of em ssion variability.)

For Tier 1 vehicles and TLEVs, staff proposes the
federal gasoline SFTP em ssion standards for
California-certified gasoline, diesel, and alternative
fuel vehicles. The U S. EPA allows higher SFTP
em ssion standards for diesel passenger cars and
light-duty trucks, and exenpts the heavier diesel
vehicles and alternative fuel vehicles. Gven the
ARB' s historical fuel-neutral policy, staff proposes
aPPIying the sanme standard to vehicles certified on
a fuels. These standards are applicable for the
useful life, as defined by U S. EPA
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Tabl e 3. US06 and A/C 4,000 Ml e Standards for
LEVs, ULEVs, and SULEVs

Vehicle |Wight (Ibs.) Us06 A C
Type (grammle) (grammle)
NIVHC+NOX (00 NIVHC+NOX
PC Al l 0.14 8.0 0. 20
LDT 0- 3,750 LW¢ 0.14 8.0 0. 20
3, 751-5, 750 LVW 0. 25 10.5 0. 27
MDV 3,751-5,750 TW 0. 40 10.5 0.31
5, 751- 8, 500 TW 0. 60 11.8 0. 44

A “LVW is | oaded vehicle weight, which is the vehicle' s curb

wei ght plus 300 pounds.

B “TW is test weight, which is the average of the vehicle's curb
wei ght and the gross vehicl e weight.

¢ Applicable to nediumduty vehicles under 8,500 pounds gross
vehi cl e wei ght rating

| npl enent ati on Schedul e

Table 4 is the proposed inplenentation schedul e
apBIicabIe to gasoline, diesel, alternative fuel, and
hybrid electric passenger cars, light-duty trucks, and
medi um duty vehi cl es under 8,501 pounds GWR,
certified to the LEV, ULEV, and SULEV FTP exhaust
em ssion standards. For each manufacturer, conpliance
wi th the nodel -year phase-in percentages is based on
the total nunber of vehicles produced and delivered
for sale in California in the specific vehicle
category during the specific nodel year. Snall vol une
manuf acturers need not conply wth the SFTP
requi renent until the final year of the phase-in
schedul e.

For vehicles certified to Tier 1 and TLEV FTP
exhaust em ssion standards, staff proposes the sane
phase-in schedul e as the federal SFTP phase-in
schedule. As with the federal program small volune
manuf acturers woul d have to conply with the SFTP
requirenents in the final year of the phase-in
schedul e.
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Tabl e 4.

SFTP Phase-In Schedul e for

LEVs, ULEVs, and SULEVs
Model Year PC, LDT (0-3750 | LDT (3751-5750 | MDV (under 8501
| bs. LVW | bs. LVW | bs. GVWR)

2001 25 25

2002 50 50

2003 85 85 25

2004 100 100 50

2005 and 100 100 100
subsequent
Singl e-Rol | Dynanonet er Requi r enent

Staff proposes the phase-in of the inproved
dynanonet er requirenents according to the California
SFTP schedule. (See Table 4.)

In-Use Liability

Staff proposes the new vehicle audit requirenents
be applied to confirm conpliance with the USO6 and the
A/ C em ssions beginning in the 2002 MY. Under Section
2101, Title 13, California Code of Regul ations, the
Executive Oficer has the authority to randomy sel ect
a reasonabl e nunber of vehicles representing any
California vehicle engine famly to inspect and
conpliance test. These vehicles are to be nade
aval l abl e fromthe manufacturer and delivered to the
ARB' s Haagen-Smt Laboratory in El Monte. The vehicle
test results will be used to determ ne conpliance with
t he proposed standards and test procedures.

During the first six nonths of the first-year
i npl emrentation of the proposed standards and test
procedures, staff proposes to allow manufacturers to
submt data generated on new 2001 MY production
vehicles certified to the proposed standards and test
procedures. These data will be used to determ ne the
accuracy of testing new vehicles at essentially zero
m | eage to determ ne conpliance with the proposed
4,000 m|e standards. The data would be revi ewed
jointly by manufacturers and ARB staff, and probl ens
associated wth the testing identified and resol ved.

Staff is not proposing an assenbl y-1ine conponent
to the conpliance requirenents of the proposed
regulations. In addition, a useful life requirenent
is not proposed. However, if indications of
significant deterioration of USO6 or A/C em ssions are

-13-



found, staff anticipates revisiting the useful life
standards and in-use conpliance liability.

COVMENTS

Interested parties are encouraged to provide
coments on the proposed standards and test
Brocedures. Staff I's requesting that witten coments
e received no later than May 6, 1997. Witten
comment s shoul d be addressed to:

Al r Resources Board

Attn: M. Mchael Carter, Chief

Em ssi on Research and O f-Road Controls Branch
9528 Tel star Avenue

El Monte, CA 91731-2990

St af f anticiﬁates proposi ng the SFTP rul emaki ng
to the Board at the July 24, 1997 hearing. |If you
have any questions or comments regarding this item

pl ease contact Ms. Susan Kwan, Air Resources Engi neer,
Em ssi on Research Section, at (818) 575-6621.

Si ncerely,

Robert H. Cross, Chief
Mobil e Source Control Division
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Appendi x A

USO6 Test Program

Table 1. Test Vehicle Description

Test Vehicle Model Engi ne Inertia Test M | eage

Year Di spl acenent (L) Wei ght (I bs) (Mles)
Passenger Cars
Dodge Intrepid 1996 3.5 3, 750 4,500
Honda Accord 1995 2.2 3, 250 7, 600
Honda Givic (LEV) 1996 1.6 2,750 4,200
Honda G vic (TLEV) 1994 1.5 2,625 3, 500
Mazda 626 1995 2.5 3, 250 10, 600
Mazda 929 1995 3.0 3, 750 18, 800
Mercury G and 1995 4.6 4, 000 5, 800
Mar qui s
N ssan Maxi ma 1996 3.0 3, 500 4,100
Ni ssan Sentra 1996 1.6 2,750 8, 800
Pl ynmout h Neon 1995 2.0 2,750 20, 800
Pontiac Grand Am 1995 2.3 3, 250 19, 400
LDT (3751-5750 pounds | oaded vehicl e wei ght)
Chevrol et Astrovan 1996 4.3 4,750 22,400
MDV (3571-5750 pounds test weight)
Chevrol et 1500 P/ U 1997 5.0 4,750 5, 100
Ford F150 P/ U 1996 4.9 5, 250 15, 900
MDV (5751- 8500 pounds test weight)
Chevrol et Subur ban 1996 5.7 6, 500 23, 200
Dodge Ram Van 1996 5.9 6, 000 28, 000
Ford E-250 Van 1996 5.8 6, 500 7, 800
Ford E-350 Van 1996 7.5 8, 000 16, 300




Tabl e 2. Baseline USO6 Em ssions (g/m)

Test Vehicle NIVHC CO NOx NIVHC+NOx
Passenger Cars
Dodge Intrepid 0. 009 0.073 0. 092 0.101
Honda Accord 0. 009 1.018 0. 033 0. 042
Honda Givic (LEV) 0. 042 14.778 0. 022 0. 064
Honda G vic (TLEV)* 0. 083 1.964 0. 065 0. 148
Mazda 626 0. 022 3.251 0. 036 0. 058
Mazda 929 0. 040 3.120 0. 859 0. 899
Mercury G and 0. 005 0. 489 0.113 0.118
Mar qui s*
N ssan Maxi ma 0. 057 3.744 0. 490 0. 547
Ni ssan Sentra 0. 029 6. 586 0. 536 0. 565
Pl ymout h Neon* 0. 006 0. 392 0.195 0. 201
Pontiac Grand Am 0. 042 4. 650 0. 025 0. 067
Aver age 0.031 3.64 0.22 0. 255
LDT (3751-5750 pounds | oaded vehicl e wei ght)
Chevrol et Astrovan 0. 029 1. 257 0. 389 0.418
MDV (3571-5750 pounds test weight)
Chevrol et 1500 P/ U 0.011 0.177 0. 553 0.564
Ford F150 P/ U 0.04 12. 54 0. 048 0. 088
Aver age 0. 026 6. 359 0. 301 0. 326
MDV (5751- 8500 pounds test weight)
Chevrol et Subur ban 0. 085 6. 65 0. 388 0.473
Dodge Ram Van 0. 036 4.98 0. 604 0. 64
Ford E-250 Van 0. 027 5. 46 0. 947 0.974
Ford E-350 Van 0.081 13.63 0. 064 0. 145
Aver age 0. 057 7. 680 0.501 0. 558

* Tested with stoichionetric calibration




Table 3. Optimzed “Rich-Bias” US06 Em ssions (g/m)

Test Vehicle NIVHC CO NOx NIVHC+NOx
Passenger Cars
Dodge Intrepid 0. 008 0. 044 0. 050 0. 058
Honda Accord 0. 009 1.018 0. 033 0. 042
Honda G vic ( LEV) 0. 042 14.778 0. 022 0. 064
Honda G vic (TLEV)* 0. 083 1.964 0. 065 0. 148
Mazda 626 0. 022 3.251 0. 036 0. 058
Mazda 929 0. 033 3.126 0.118 0.151
Mercury G and 0. 015 1. 467 0. 039 0. 054
Mar qui s*
N ssan Maxi ma 0. 053 1.995 0. 090 0. 143
Ni ssan Sentra 0. 024 5. 065 0. 163 0. 187
Pl ymout h Neon* 0. 007 1.167 0. 070 0.077
Pontiac Grand Am 0. 042 4. 650 0. 025 0. 067
Aver age 0.031 3.502 0. 065 0. 095
LDT (3751-5750 pounds | oaded vehicl e wei ght)
Chevrol et Astrovan 0.091 3.72 0. 065 0. 156
MDV (3571-5750 pounds test weight)
Chevrol et 1500 P/ U 0.014 0. 387 0. 208 0. 222
Ford F150 P/ U 0.04 12. 54 0. 048 0. 088
Aver age 0. 027 6. 464 0.128 0. 155
MDV (5751- 8500 pounds test weight)
Chevrol et Subur ban 0. 105 7.23 0. 200 0. 305
Dodge Ram Van 0. 058 7.66 0. 349 0. 407
Ford E-250 Van 0. 009 2.73 0. 201 0.21
Ford E-350 Van 0.081 13.63 0. 064 0. 145
Aver age 0. 063 7.813 0.204 0. 267

* Tested with stoichionetric calibration



Appendi x B
A/ C Test Program

Table 1. Test Vehicle Description

Test Vehicle Model Engi ne Inertial Test M | eage

Year Di spl acenent (L) (1 bs) (Ml es)
Passenger Cars
Dodge Intrepid 1996 3.5 3, 750 4,900
Ford Taurus FFV 1996 4.0 3, 750 6, 400
Honda Accord 1996 2.2 3, 250 3, 300
Honda Givic (LEV) 1996 1.6 2,750 4, 300
Mazda (Prototype)* - - - -
Pl ymout h Neon 1996 2.0 2,875 7, 300
Ponti ac Bonneville 1996 3.8 3, 750 16, 300
Pontiac Grand AM 1996 2.4 3, 250 10, 200
LDT (3751-5750 pounds | oaded vehicl e wei ght)
Chevrol et Astrovan 1996 4.3 4,750 20, 900
Chevrol et Bl azer 1997 4.3 4,500 4,500
Ford Aerostar 1997 3.0 4,000 3, 800
Ford Expl orer 1996 4.0 4,750 10, 900
MDV (3571-5750 pounds test weight)
Ford F-150 P/ U 1996 4.9 5, 250 17, 300
MDV (5751- 8500 pounds test weight)
Chevrol et Subur ban 1996 5.7 6, 500 23,700
Ford E-250 Van 1996 5.8 6, 500 8, 200
Ford E-350 Van 1996 7.5 8, 000 16, 400

* Confidential

i nformati on




Table 2. Baseline SCO3 A/C-On Em ssions (g/ m)

Test Vehicle NIVHC CO NOx NIVHC+NOX
Passenger Cars

Dodge Intrepid 0. 052 1.180 0.222 0.274
Ford Taurus FFV 0. 015 1. 380 0. 066 0. 081
Honda Accord 0. 008 0. 240 0.162 0.170
Honda G vic (LEV) 0.021 1. 440 0. 082 0.103
Mazda (Prototype) 0. 004 0.170 0. 533 0. 537
Pl ymout h Neon 0. 007 1.980 0. 303 0. 310
Ponti ac Bonneville 0. 002 0. 230 0.614 0.616
Pontiac Grand AM 0.014 1. 350 0.776 0.790
Aver age 0. 015 0. 996 0. 345 0. 360
LDT (3751-5750 pounds | oaded vehicl e wei ght)

Chevrol et Astrovan 0. 030 0. 851 0. 270 0. 300
Chevrol et Bl azer 0. 048 0. 447 0.129 0.177
Ford Aerostar* 0. 006 0. 066 0. 427 0. 433
Ford Expl orer 0. 009 0. 490 0.190 0. 199
Aver age 0. 023 0. 464 0. 254 0.277
MDV (3571-5750 pounds test weight)

Ford F-150 P/ U 0. 024 0. 460 0. 067 0. 091
MDV (5751- 8500 pounds test weight)

Chevr ol et Subur ban 0. 087 1. 500 0. 460 0. 547
Ford E-250 Van 0. 007 0. 196 0. 660 0. 667
Ford E-350 Van 0. 039 3. 040 0. 008 0. 047
Aver age 0. 044 1.579 0. 376 0.420

* The A/ C system was somewhat underl| oaded using the AC2 sinulation
met hod, as the “Defrost” setting was necessary to return hot air
to the air-conditioning system



Tabl e 3.

Optimzed SCO3 A/C-On Emissions (g/ m)

Test Vehicle NIVHC CO NOx NIVHC+NOX
Passenger Cars

Dodge Intrepid 0. 063 1. 600 0. 096 0. 159
Ford Taurus FFV 0. 015 1. 380 0. 066 0. 081
Honda Accord 0. 007 0. 290 0.117 0.124
Honda Civic (LEV) 0.021 1. 440 0. 082 0.103
Mazda (Prototype) 0. 002 0. 095 0. 061 0. 063
Pl ymout h Neon 0. 010 2.390 0.183 0.193
Ponti ac Bonneville 0. 032 1. 540 0.137 0. 169
Pontiac Grand AM 0. 040 1.760 0.116 0. 156
Aver age 0. 024 1.312 0. 107 0.131
LDT (3751-5750 pounds | oaded vehicle weight)*

Chevrol et Astrovan 0.170 3.710 0. 050 0. 220
Chevrol et Bl azer 0. 045 0. 491 0. 106 0. 151
Ford Aerostar** 0.013 0.271 0. 133 0. 146
Ford Expl orer 0. 030 1.510 0.117 0. 147
Aver age 0. 065 1. 496 0.10 0. 166
MDV (3571-5750 pounds test weight)*

Ford F-150 P/ U 0. 024 0. 460 0. 067 0. 091
MDV (5751- 8500 pounds test weight)*

Chevr ol et Subur ban 0. 087 1. 500 0. 460 0. 547
Ford E-250 Van 0.016 0. 650 0. 329 0. 345
Ford E-350 Van 0. 039 3. 040 0. 008 0. 047
Aver age 0. 047 1.730 0. 27 0. 313

* The LDT and MDV portion of the test

expedi t ed manner,
not perforned.

** The A/ C system was sonewhat

program was conducted in an
and duplicate tests at the optinmal setting were

under | oaded using the AC2 sinulation
met hod, as the “Defrost” setting was necessary to return hot air
to the air-conditioning system



