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1. Executive Sunmary
1.1 Pur pose

On Novenber 5, 1992, the U S. Environmental Protection Agency (EPA) promul gated a
regul ationl for state-operated enhanced |nspection and Maintenance (I1/M prograns. This
regul ation established the M40 2 as the benchmark |/Mtest, against which any alternative
test nmust be found equivalent, or nearly so but with conpensating inprovenments in other
pr ogr am aspect s.

EPA perforned tests on over 1500 vehicles in Mesa, Arizona to eval uate a four-node,
st eady-state procedure utilizing two Accel eration Simulation Mdes 3. (This four-node test
procedure will herein be referred to as the “ASM test, although only the first two nodes
are strictly ASMnodes.) This evaluation was designed for determ ning whether the ASMis a
suitable alternative to the 1 M40 for enhanced I/Mtesting.

The ASMtest utilizes equipnent costing about half of the anticipated cost of the
equi pnent required for 1 M40 testing. This equipnent is |ess expensive because the ASM does
not involve transient driving and the equi pnent only approxi mates nmass em ssions via
pol | utant concentration measurenents. |In contrast, the IM40 is a transient test requiring
nor e expensi ve equi pnent measuring true nass em ssions during typical driving.
The purpose of this docunent is to provide:
- EPA's evaluation regarding the effectiveness of the ASMtest;

- a description of the anal ysis techni ques EPA used;

the data used in the eval uation; and

- a description of the test program

This is the only ASM study conducted in an official I/Mstation. The vehicles were
randomy sel ected and tested under the w dely varyi ng anbi ent conditions and preconditioni ng

1 Inspection/ Mai nt enance Program Requirenents; Final Rule 40 CFR Part 51, Federal Register,
Novenber 5,1992

2 WIliamM Pidgeon, and Natalie Dobie, “The IM40 Transient |/M Dynanoneter Driving
Schedul e and The Conposite I/ M Test Procedure,” EPA-AA-TSS-91-1, January 1991

3 Thomas C. Austin and Larry Sherwood, “Devel opnent of |nproved Loaded- Mbde Test Procedures
for Inspection and Maintenance Prograns,” Sierra Research, Inc. and California Bureau of
Aut oot i ve Repair, SAE Techni cal Paper No. 891120, May 1989.



that normally attend official I/Mtests. Many nore cars were tested than in any other ASM
study. Also, this is the only study to use one sanple to devel op the ASM node wei ghti ng
factors and an i ndependent sanple to evaluate their effectiveness. EPA strongly believes
that this study should be given far nore weight than all previous ASM studi es.

1.2 Fi ndi ngs

EPA s findings are based on performance conparisons between the ASM and the | M240
regarding five inportant considerations:

- their relative ability to fail malfunctioning vehicles (needi ng exhaust em ssi on
control systemrepairs) and to avoid failing properly functioning vehi cl es;

- their relative ability to distinguish repaired vehicles (exhaust-repairs) that are
sufficiently repaired fromthose that are insufficiently repaired,

- their relative ability to distinguish between functioning and mal functi oni ng
evaporative cani ster purge systens;

- their relative costs; and

- the adequacy of the ASMfor Enhanced I/M Prograns usi ng MBI LE5a

1.2.1 Ability to Correctly ldentify Vehicles Needi ng Repair

EPA comonly uses the rate of excess emssions identified during an I/Mtest to
objectively and quantitatively conpare I/Mtest procedures. Excess eni ssions are those FTP-
measur ed em ssions that exceed the certification em ssion standards for the vehicle under
consideration. For exanple, a vehicle certified to the 0.41 g/m HC standard whose FTP
result was 2.00 g/ m, would have excess enissions equalling 1.59 g/m HC (i.e., 2.00 - 0.41
= 1.59).

The excess enissions identification rate (DR equal s the sumof the excess em ssions
for the vehicles failing the I/Mtest divided by the total excess enissions. The nore
excess enmssions an |/Mtest identifies, the better the test.

EPA uses IDR instead of merely conparing the nunber of vehicles that correctly fail and
correctly pass. The IDR better contrasts the relative nmerits of conpeting I/ Mtest
procedures because failing vehicles with high emssions is nore inportant than failing those
that are only slightly above their certification standards. For exanple, take two I/ M
procedures that correctly failed 100 of the 500 vehicles that had FTP em ssions greater than
their certification standards, but only 50 cars failed both tests. |If the fifty cars that
failed Test A were high FTP emtters, and the other 50 cars that failed Test B had FTP



em ssions only slightly above their standards, obviously Test A would be preferred, and its
IDR would reflect its better performance. Test A s better perfornmance is not evident in
conparing the nunber of vehicles that correctly fail.

The ASM does not find high emtting vehicles as well as the 1 M240. Sone high enitters
whi ch coul d be caught with the I M40 give | ow ASM scores. Table 1.2.1 shows the percent
decrease in the excess emssions identification rate that woul d acconpany substituting the
ASM for the I M240. For exanple, an | M40-based |/Mprogramis HC and NOx IDRs will suffer
nearly a 20% decrease by substituting the ASMtest at the sane failure rate (18% that is
produced by EPA s recomrended cutpoints for biennial I/Mprograns.

Table 1.2.1 Loss in ldentification Effectiveness Wth ASM Test

Scenari o HC CO NOx
Failure Rate Held at 18% 19. 0% 9. 5% 18. 5%
(0.8/15/2.0 + 0.50/12.0 1 M40
Cut poi nt s)
Best IDRs with Ecs Hel d 14. 0% 14. 3% 17.5%
Bel ow 5%
. 92.2-74.7
These val ues are %differences. For exanple: % * 100 = 19. 0%

Source: Table 5.3.1, Section 5.3

An aggressive I/Mprogram tolerating both higher failure rates and higher false-failure
rates woul d relinquish about 15%of its inspection effectiveness by substituting the ASM
test.

Additional related findings are |isted bel ow

. The ASMfails cars that are actually clean nore often than the 1 M240. About 1 in 10
cars failed by the ASMdid not appear to need repair, conpared to about 1 in 30 for
the 1 M240. EPA knows fromother testing that nore preconditioning can elimnate | M40
errors; we are not sure whether it can for ASMfail ures.

. Maki ng ASM cut points nore stringent in an attenpt to get the sane effectiveness as the
I M40 increases the failure rate and/or the error rate beyond what EPA believes any
I /Mprogramwould want or is willing to commt to in binding regulation form

The conparative ability to identify vehicles needing repair is fully discussed in
Section 5.3. Wiy IDRs and associated criteria are inportant, howthe criteria are derived,
and the tradeoffs associated with increasing cutpoint stringency to increase |IDRs are
di scussed in Section 5. 2.



1.2.2 Ability to Distinguish Sufficiently Repaired Vehicles From
I nsufficiently Repaired Vehicles

Vehicles that do fail the ASMtest and get repaired, can pass ASMcutpoints with repairs
that are not as effective as the repairs needed to pass | M40 cutpoints, even when repaired
in good faith. A so, the ASMnodes are prone to "adjust to pass/readjust after” strategies
like the idle and 2500/idle tests.

Several of the 17 cars which failed the Arizona test and the ASMwere repaired in | ocal
shops, after which they passed the Arizona and ASMtest but still had high | M40 em ssions.
This is the sane pattern seen in 2500/idle |I/Mprograns. Repair anal yses are discussed in
Section 5. 6.

1.2.3 Ability to Distinguish Between Functioning and Mal functi oni ng
Evapor ative Cani ster Purge Systens

In purge testing, the ASMand the | M40 should do equally well in identifying
mal f uncti oni ng purge systens, so their conparative ability to fail vehicles with
mal f uncti oni ng purge systens has not been an issue. Therefore, the research issue has been
whet her, and how many properly functioning vehicles would fail. That is, EPAis nore
concerned with errors-of-commssion than with errors-of-omssion. About 4-6%of the
vehicles failed the ASM evaporative canister purge systemtest but were actually properly
functioning. This is about 38%to 52%of all cars that failed the ASM pur ge.
About 1% of the vehicles failed the |1 M40 purge systemtest, but were actually properly
functioning. This is about 12%to 18%of all cars that failed the | M40 purge.

Unli ke transient | M40 testing, which requires vehicles to operate through a w de range
of speeds and | oads, the four steady-state nmodes of the ASM do not provide a purge
opportunity for a significant portion of the fleet. The purge systemtest results are
di scussed in Section 5.7.

1.2.4 Test Costs

The 180 seconds required for this four-node ASMtest is the same as woul d be needed for
the IM240 if special algorithnms are used to pass obviously clean cars and fail obviously
dirty cars early in the cycle. So, the ASM does not save test time or reduce the nunber of
| anes required. A shorter test based on fewer than four nodes woul d have even | ess benefit.

The only cost advantage for this ASMtest is that up to about half the equi pment cost
can be avoi ded by not having variable inertia capability in the dynanoneter and | ow



concentration measurement capability in the gas analysis instrunents. This savi ngs works out
to about 75 cents per test in a centralized program Test costs are discussed in Section 7.

1.2.5 Adequacy of the ASM for Enhanced |/ M Prograns

The MBI LEGa anal ysis results show that even in a maxi nrum annual program covering all
wei ght classes, with ASM purge, and pressure testing of all nodel years and conprehensive
anti-tanpering i nspections, the ASMtest yields insufficient benefits to neet the
performance standard for HC, GO or NOX.



2. Backgr ound

EPA began devel opment of a transient |/Mtest procedure, named the |1 M40, during 1989.
EPA publ i shed a Notice of Proposed Rul emaking on July 13, 1992 whi ch proposed a perfornance
standard for enhanced I/ M prograns that assumed the use of the 1 M40 test procedure.

n May 8, 1992, ARQO Products Conpany rel eased a report 4 recommendi ng that an
alternative to the 1 M40 be allowed for enhanced I/ M prograns. The operating nmodes for
ARCO s alternative procedure were not conclusively determ ned, but the nmodes were based on
“Accel eration Sinulation Mdde” procedures devel oped by the California Bureau of Autonotive
Repair and Sierra Research, Inc.

In contrast to ARCO s report whi ch was somewhat anbi guous on whi ch nodes shoul d be
included in the alternative test, the earlier BAR/ Sierra report 5 had recommended an ASM |/ M
test that included the traditional 2500/idle test (2 nodes) with two | oaded dynanonet er
nodes, at 15 nph and at 25 nph. The authors concluded that these two dynanoneter nodes were

needed for NOx correlation with the FTP °, and that the 2500/idl e nodes were necessary for
good HZ CO correl ati on.

ARCO s report, which reached different conclusions, was based on test results fromfive
newer vehicles that were tested with and wi thout inplanted nal functions, resulting in 30
tests. ARCO s conclusions are directly quoted bel ow

1. An enhanced IM program utilizing steady-state exhaust emission testing is as effective in
identifying cars needing repair asis the EPA’s proposed IM 240 test. Because the cost of the
IM240 equipment is four times that of an enhanced I/M test, the enhanced I/M test is far
more cost effective.

2. Canister purging can be tested as effectively in an enhanced I/M test asin an 1M 240 test.

3. The current BAR90 exhaust emissions test conditions of idle and 2500 rpm/no load are not
effective in identifying most malfunctions in state-of-the-art automobiles.

4 Kenneth L. Boekhaus, Brian K Sullivan, and Charles E. Gang, “Evaluation of Enhanced
| nspecti on Techni ques on State-of-the-Art Autonobiles,” ARCO Products Conpany, MNay 8, 1992.

5 Austin and Sherwood.
* The Federal Test Procedure (FTP) is a nass em ssions test created to determ ne whet her
prot otype vehicles conply with EPA standards, thus allow ng production vehicles to be
certified for sale in the United States. The FTP has becone the “gol d standard” for

determ ning vehicle emssion levels, so it is also used to determne the em ssion | evels of
“in-use” vehicles. The FTP is too costly to use for 1/M because vehicles nmust be naintai ned
in a closely controlled environnent for over 13 hours. The FTP driving cycle includes 31

m nutes of actual driving which takes 41 ninutes to conplete due to a 10 mi nute engi ne shut -
of f between the second and third nodes of this 3 node test.



4. The ASM5015 steady-state test condition is effective in identifying malfunctions for HC,
CO and NOx and should be included in any enhanced I/M test developed.

5. Further development work is needed to develop one or more other steady-state test
conditions to complement the ASM5015 test.

6. The IM240 test correlates better with the FTP test in predicting absolute emissions levels
than does the ASM5015 test. With one or more additional steady-state test conditions,
steady-state testing would likely correlate as well as the IM 240 test.

7. The BAR 90 Test Analyzer System, with NOx analyzer, can be used for enhanced I/M
testing incorporating a steady-state dynamometer.®

On Novenber 5, 1992, EPA pronulgated the final I/Mrule establishing the | M40 as the
benchrmark 1/ Mtest, against which any alternative test nust be found equivalent. The | M40
is atransient test which neasures true nass em ssions during typical driving. |In contrast,
the Accel eration Simulation Mdde procedures only approxi mate nmass em ssions via pol | utant
concentration measurements during several steady-state nodes. A BAR90 HC and CO anal yzer
with an NO anal yzer is sufficient. Em ssions neasurenents are not nmade during the
accel erations and decel erati ons between the steady-state driving nmodes because such
nmeasur enents require nore expensive equi pnent including a constant volunme sanpler to dilute
t he exhaust and neasure flow, and anal yzers capabl e of accurately nmeasuring the resulting
| ow concentration sanpl es.

The purpose of EPA's alternative I/Mtest procedure study is to eval uate whether the
| M40’ s performance as an I/Mtest can be attained, or nearly so, by a multi-node, steady-
state procedure (including two ASM nodes) that utilizes equipment costing about half of the
antici pated cost of the equipnent required for | M40 testing.

Due to wi despread interest and the need for states to nove forward with specific testing
pl ans, EPA prepared to initiate a test programto eval uate a steady-state | oaded I/Mtest as
a potential alternative to the 1 M40 for enhanced I/M EPA s alternative test study focused
on the Acceleration Simulation Mde procedures.

EPA needed to sel ect a practicable nunber of steady-state operating nodes, but there was
di sagreenent anong the proponents of steady-state testing for enhanced /M ARCO concl uded
that the 2500 rpm & idl e nodes are not effective for identifying nmost nal functions. In
contrast, BAR/ Sierra recommended an |/ Mtest consisting of the follow ng nodes: 5015, 2525,
2500 rpm and idle.

EPA' s desire to evaluate a single steady-state procedure agreeable to all interested
parties led to a conference call with the interested parties on July 27, 1992. The

6 Boekhaus, et al.



participants included: ARCO Sierra Research, California Bureau of Autonotive Repair,
Al en Test Products/ SAVER EPA' s Testing Contractor (Autonotive Testing Labs), and EPA

The parties reached a consensus that the steady-state test to be eval uated shoul d
i ncl ude four nmodes (a fifth nmode was only to be perforned on the first 50 cars with
aut onati c transni ssions):

- 15 nph (ASM 5015) *

- 25 nph (ASM 2525) **

- 50 nph at road | oad hor sepower

- idle (automatic transm ssions using Drive rather than Neutral)

- idle (first 50 vehicles with automatic transm ssions using Neutral

rather than Drive) **x*

* k%

*k k%

This test procedure will herein be referred to as the “ASM procedure, although only the
first two nodes are strictly ASM nodes.

* This is a steady-state 15 nph node (50 15). The dynanoneter load is set to sinmulate 50%
(5015) of the power required to accelerate the particular vehicle being tested at 3.3

nph/ second at 15 nph. The ASM does not include a true speed changi ng accel eration during
em ssi ons measurenent, instead the speed is held constant while the dynanometer |oad is set
to simulate the power required to accelerate the car. The 3.3 nph/second accel eration rate
i s the maxi num accel eration rate during the Federal Test Procedure (FTP). The FTP is the
transient (accelerations and decel erations) procedure used to certify that vehicles conply
with Federal em ssions standards, which is required before the manufacturer can offer them
for sale. The IM240, for the nmost part, is taken directly fromthe FTP. The 5015 node
usual ly requires a higher |oad setting than the 2525 or the 50 nph road | oad nodes.

** This is a steady-state 25 nph node (25 25). It is analogous to the ASM5015 node in that
the dynanmoneter |oad set to simulate 25% ( 2525) of the power required to accelerate the
particul ar vehicle being tested at 3.3 nph/second at 25 nph.

*** This is a 50 nph node with the dynanoneter set to the power required for a vehicle to
mai ntain 50 nph on |l evel road taking into account air resistance, tire | osses, bearing
friction in the drivetrain, etc. Ar drag is the major resistance at 50 nph.

**** Because the vehicles were to be operated on the dynanoneter, it was judged that the
vehicles could be safely tested at idle in Drive. Because automatic-transm ssi on-equi pped
vehicles idle in drive during the FTP, and sone ECM al gorithnms for the em ssion control
system change with transm ssion selector position, idle in Drive is expected to yield better
correlation with the FTP than idle in Neutral. Since all known idle enmssions tests had
been run in Neutral prior to EPA's ASMevaluation, the first 50 vehicles, or nore, were also
run in Neutral to allow conparison with other databases.



Havi ng reached a consensus on the procedure to be eval uated, EPA issued a work
assi gnnent 7 on July 30, 1992, directing EPA's testing contractor to inplenent the new
procedure. Shakedown testing began in August and the first official ASMtest was perforned
on Septenber 10, 1992. The last as-received ASMtest was performed at the 1/MIlane on March
19, 1993. This analysis includes tests that were perfornmed through February 17, 1993.

Anot her issue EPA nust consider is the inpact of approving alternative |I/M procedures on
the autonobil e manufacturers. The Mtor Vehicle Manufacturers Association, in witten
coments on the |/MNPRM said:

6.0.0 ALTERNATIVE TEST METHODS

MVMA agrees that EPA should not allow enhanced I/M areas to implement alternative
tests until they have submitted substantial data supporting the quality of the test, and showing that
the test produces emission reductions equivalent to those of the IM240 Test.

One such report by ARCO describes an acceleration simulation mode (ASM) that was
compared to the IM240 test. A substantial cost advantage with this alternative test is that it does
not require the use of a constant volume sample (CV S) sampling system. The report references an
earlier study by Sierra Research that calculates mass emissions by multiplying a "constant” times
"emissions concentration” times "inertia weight". Yet during the comparison of the two test
methods, the mass emissions for the ASM were measured utilizing a CVS. For a more accurate
comparison, the ASM data should have been calculated in the method prescribed for use in the
field, i.e., with BAR-90 readings and without the use of CV S equipment.

Probably of greater concern, however, is the cutpoints selected for each test process. Since
cutpoints are an important criteria in comparing and evaluating test processes, realistic cutpoints
have to be determined before an accurate comparison can be made. The IM240 Test cutpoints
selected for this [ARCO’s] comparison are extremely low and thus "create" false failures. In
contrast, the [ARCO] selection process for the ASM cutpoints is not well explained and remains
ambiguous, making IM240 Test versus ASM Test comparison speculative at best.

ARCO used only five vehicles in the study. Their objective was to "evaluate the viability
of an alternative enhanced I/M test." It appears much more work is required before such an
alternative could be properly defined and evaluated. In the NPRM preamble, EPA stated that if
this ASM test can be shown to be as effective as the IM240 Test, it could be permitted as a
"substitute". MVMA is concerned that "substitute" tests could lead to several alternative tests
with varying degrees of effectiveness. MVMA requests that EPA continue to critically assess any
alternative tests proposed by enhanced I/M areas. This review process will help assure that any
alternative tests are able to properly identify failing vehicles.

EPA is al so puzzl ed by ARCO s concl usi ons whi ch seemcontradictory. ARCO s first
concl usi on states:

7 Statenment of Work Change 1, July 30, 1992; Wrk Assignment 0-2, Contract No. 68-C - 0055,
“Test Procedure to Evaluate the Acceleration Simulation Mdde and the Em ssions Measurenent
Capabilities of a BARIO Certified Analyzer Wth An Integrated Fuel Cell Type NO Anal yzer.



An enhanced IM program utilizing steady-state exhaust emission testing is as effective in
identifying cars needing repair as is the EPA’s proposed 1M 240 test.

Their fourth conclusion states that:

The ASM5015 steady-state test condition is effective in identifying malfunctions for HC,
CO and NOx and should be included in any enhanced I/M test developed.

ARCO s fifth conclusion states that:

Further development work is needed to develop one or more other steady-state test
conditions to complement the ASM5015 test.

These statenents suggest that ARCO s testing indicated that the ASMbO15 was not as
effective as the I M40, that the other nodes they eval uated were not hel pful, and additi onal
work was required to identify better alternatives. This report will docunment additional
work perforned by EPA to eval uate the ASMb015 and three additional steady-state mnobdes.

10



3. Test Procedures

The best way to conpare I/Mtests is to utilize actual results froman I/Mstation in
conjunction with FTPs run on a subset of the vehicles also tested at the I/Mstation. A
highly inferior method is to conpare the procedures based only on test data collected in a
| aboratory which is not subject to the range of vehicle operating conditions which nornally
precede actual I/Mtests, nor the range of anbient conditions encountered during actual 1/M
tests.

It is widely acknow edged that a given vehicle' s em ssions can vary wi dely w th changes
in vehicle operating conditions that precede em ssions tests, and a given vehicle's
em ssions can vary wi dely with anmbient conditions encountered during an emssions test. So,
in contrast to laboratory test results, the results frompilot tests run in an official 1/M
station provide significantly nmore confidence that the pilot test results will accurately
represent future results when the procedure is mandated for official 1/Mtesting.

For these reasons, EPA carried out 1 M40 and ASMtesting (through a contractor) in an
[/Mstation in Mesa, Arizona, with FTP testing in a contractor-owned | aboratory also in
Mesa. In this respect, EPA's results have nuch greater applicability to the real world than
results fromrecent “ASM testing by Environnent Canada 8, ARCO California Air Resources
Board, and the Col orado Departnent of Health.

The test procedures are discussed in detail in Appendix A

8 Vera F. Ballantyne, Draft, Steady State Testing Report and Data , Environment Canada,
August 28, 1992.
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Dat a Description

From Sept enber 10, 1992 t hrough March 19, 1993, EPA' s contractor, Autonotive Testing
Laboratories (ATL), conducted a vehicle testing programin Mesa, Arizona, a suburb of
Phoeni x, on nostly 1983 and newer vehicl es.

This program i ncl uded several tasks designed to produce data for an anal ysis conparing
the ASMtest to the I M40 test as predictors of actual FTP em ssions. These tasks included
the operation of an Arizona I/Minspection lane. Vehicles at this |ane received | M40s with
a functional test of the evaporative canister purge system (referred to as the purge test in
the remai nder of this report), ASMs with the purge test, Arizona |I/Mtests, and fuel system
pressure tests under real-world I/Mtesting conditions. |In addition, vehicles were
recruited fromthe I/Mlane for additional tasks, which included:

e FTP |l aboratory testing

e | M40 | aboratory testing

e Contractor |MA40-targeted repairs

e Commer cial repairs obtained by vehicle owners to pass the official Arizona I/M
test.

Choosi ng vehicles for |aboratory testing was driven by the inportance of testing and
assessing emssions from-and the inpact of repair on--dirty in-use vehicles. A random
sanpl e of vehicles visiting the I/Mstation would result in the contractor recruiting nmostly
clean vehicles (see Section 5.2.5.8). But nbst excess em ssions come froma relatively small
per cent age of vehicles known as high to super emtters. To avoid the probl emand cost of
evaluating a majority of vehicles that will ultimately be assessed as clean, a stratified
recruitnment plan was enployed to deliberately over-recruit dirty cars, based on | ane-I| M40
results at the Mesa lane. A nomnally 50/50 mx of |IM40-clean and | M240-dirty vehicles
were to be recruited for FTP exhaust testing. 1In actual practice, nore dirty cars than
cl ean have been recruited which is shown in Table 4.2. 2.

Specifics concerning the recruitment criteria and the test procedures for these tasks
are di scussed in Appendi x A

4.1 Dat a Listings
Appendi x B provides a listing of the data used for the cutpoint effectiveness anal ysis,
the contractor repair analysis, and the comrercial repair analysis, which are all discussed
in Section 5.
Data for the over 1400 vehicles that only received one set of |lane tests (no | aboratory

tests and no after-repair lane tests) are only avail able on disk. These data include the
purge anal ysis data, and the | ane data used to cal cul ate ASM coefficients. The avail able
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disk(s) will include all M40 and ASM | ane data including | ane data for the |aboratory
tested vehicles. These can be requested by contacting:

WIliam M Pidgeon

U S EPA

Nat i onal Vehicl e and Fuel Em ssions Laboratory
2565 Pl ynout h Road

Ann Arbor, Mchigan 48105-2425

Tel . No. 313-668-4416

Fax. No. 313-668-4497

Fax requests for data disks are preferred and a formis provided at the end of Appendi x
B; questions can be addressed by phone.

4.2 Dat abase Statistics

The first official ASMIMA40 test series was run on Septenber 9, 1992. Data coll ected
up to March 17, 1993 were considered for these anal yses. During that period, 1574 vehicles
received 1758 ASM I M40 test series at the Arizona I/Mlane. Priority for testing was given
to 1983 and newer nodel year fuel injected vehicles. The following table illustrates the
nodel year and fuel netering distribution of the tested fleet:

Table 4.2.1
Lane Data By Model Year and Fuel Metering

MYR PFI TBlI [CAR | Totas

B
81 - - 3 3
82 - 2 3 5
83 12 6 26 44

84 31 30 46 107
85 38 42 49 129
86 94 53 45 192
87 105 50 46 201
88 100 61 36 197
89 119 77 17 213

90 133 48 2 183
91 150 35 - 185
92 104 11 - 115

Totals 885 415 273 | 1574

O the 1574 vehicles tested 27 were recruited for the comrercial repair programand 127
vehicles were recruited to the | aboratory for additional tests and for contractor repairs
when the repair criteria were nmet (Section 5.6).
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The following list sumrarizes the criteria used for recruiting | aboratory vehicles and
for data conpl et eness:

e The I M40 and the ASM were desi gned to distingui sh between nal functi oni ng and
properly functioni ng newer technol ogy cars, so only 1983 and newer fuel-injected
(no carbureted) cars were used.

e ne-half of the | aboratory vehicles were to exceed 0.80/15.0/2.0 (HCZ GO NX) on
their | ane-1M40.

e ne-half of the recruited vehicles were to have the | ane-1 M40 perfornmed prior to
the ASM

e nly vehicles having an as-received FTP, an as-recei ved | ane-1M40, and an as
received | ane ASMtest were used. Vehicles mssing any one of these three tests
were not included in the anal ysis.

The resul ting database consisted of 106 fuel-injected. Table 4.2.2 |lists actual
distribution statistics for these | aboratory vehicl es.

Table 4.2.2
Di stribution of Laboratory Recruited Vehicles

Fuel ASM Pri or | M40 Prior
Lane- | M40 Met eri ng to | M40 to ASM Total s
Passed: 20.80/ 15.0/ 2.0 PFI 18 14 32
TBI 5 3 8
Failed: >0.80/ 15.0/ 2.0 PFI 18 23 41
TBI 14 11 25
Total s 55 51 106

Tabl e 4.2.3 shows the nodel year and fuel netering distribution for the 106 | aboratory
recruited vehicl es.
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Table 4.2.3
Lab Data by Mbdel Year and Fuel Metering

MYR | PRl | TBI | Totas
83 6 2 8
84 12 8 20
85 7 7 14
86 13 6 19
87 9 1 10
88 5 4 9
89 7 2 9
90 6 2 8
o1 7 1 8
92 1 - 1
Totals 73 33 | 106

Table 4.2.4 provides FTP HZ CO emtter group statistics for these recruited vehicles.
FTP emtter groups are defined based on FTP em ssions as foll ows:

Nor nal s: HC<0. 82 and ax10. 2
H ghs: 0.82?2HC<1.64 and C0<13. 6
or
HC<1. 64 and 10.2200<13.6
Very H ghs: 1.642HC<10.2 and C0<150
or
HC<10. 2 and 13. 62 C0<150
Supers: HC 10. 2 or CC 150
Table 4.2.4

Lab Vehicle FTP HC/ CO Emitter Category Distribution

Normals Highs | Very High | Supers
67 13 25 1

For nore detailed informati on on the data used for these anal yses refer to Section 5.
For details on the data excluded fromthese analyses refer to Section 4.3 and Appendi x C
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4.3 Quality Control (QC) Protocol

This Section provides a general description of the QC process. For nore detail ed
descriptions of the QC criteria and data excluded fromthese anal yses see Appendi x C, which
lists the QC criteria in detail and the vehicles renoved due to the QC protocol

Data were received fromATL in two fornms. Calcul ated cycl e-conposite values for al
tests (lab and | ane), except the ASMtests, and second-by-second data for |ane-IM40s and
ASMs were provided. The calcul ated data and the raw second-by-second data fol | oned separate
but simlar QC processes. The calcul ated data were processed using a program which
performed checks on FTP data and 1 M40 (lab and | ane) data. These checks incl uded bag
result conparisons, fuel econony checks, test distance checks, dynanmoneter setting checks,
and test-to-test conparisons. For details on these checks see Appendi x C

The second- by-second data were processed by a separate program which perfornmed simlar
checks for the raw data. The QC checks for the second-by-second data i ncluded checks for
accept abl e speed, correct test/node duration, sanpling continuity, reasonable anbi ent
background concentrations, acceptable purge flow, and reasonable fuel econony. Again
details concerning these QC criteria are included in Appendix C. The second-by-second QC
program al so cal cul ated conposite values for the 1 M40 and ASMtests.

In addition to the QC program conparisons, the calculated results reported by ATL were
conpared to those results cal cul ated fromthe second-by-second data. Significant
differences were investigated. Al lab vehicles violating the QC criteria were hand checked
by EPA staff and the data were corrected or renmoved, as warranted. Due to the vol unme of
| ane data, | ane vehicles that violated QC tol erances were renoved fromall pertinent
anal yses, without further attenpts to “save” the data unless solutions were obvious. These
unutilized data will be checked, as tinme permts, for future use. 1In contrast, because the
vehicles that received FTPs were relatively precious, significant effort was expended to
correct data that were identified by the QC process.

Vehi cl es renoved fromthe sanple are di scussed in Appendi x C on page G4 through G 8.
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5. Anal yses/ Di scussi on
5.1 I ntroduction

The purpose of Section 5 is to present the anal ysis EPA used to assess whet her the ASM
test is sufficiently effective in identifying high emtting cars needing repair when
conpared to the M40 test, and the findings of that analysis. Additionally, it provides a
conparison of the repair issues for those vehicles that were identified as needing repairs.

Section 5.3 conpares the ability of the ASMand the 1 M40 to identify vehicles needi ng
repair, and presents EPA's major findings regarding the effectiveness of the ASMas an
alternative to the 1 M40 for enhanced I/Mprograns. It discusses conparisons of | M40
versus ASMusing information fromcutpoint tables. Section 5.2 provides information needed
to understand how the cutpoint tables were derived.

Section 5.4 conpares the correlation of the 1 M40 and ASMw th the FTP using traditiona
regressi on analysis. Section 5.5 discusses the somewhat specialized i ssue of how four ASM
scores are conbined in one score and the uncertainties and sensitivities in this process.

Section 5.6 discusses the repairs perforned by the contractor and repairs performed by
commrerci al repair shops.

Section 5.7 discusses canister purge systemtest results and Section 5.8 discusses
nmet hods that will be explored to i nprove the power of the | M40.

5.2 Anal yses Techni ques

This section discusses the nethodol ogy and criteria EPA used to conpare the ability of
the ASM and the 1 M40 to identify vehicles needing repair. This section explains why the
criteria are inportant, howthe criteria are derived, and indicates the tradeoffs associat ed
with these interrelated criteria. Then, Section 5.3 contrasts the ASM and the | M240 usi ng
the criteria explained in Section 5. 2.

5.2.1 Reduci ng Four Steady-State Modes to a Single Score per Pol | utanfor
Conparison to One Cutpoint per Poll utant

This section explains howthe final ASMscore is conmputed. Two questions will be
answered in this section:

1. Shoul d the four node scores for each pollutant be conbined to calculate a single
result or score for each pollutant, or should a separate score be reported for
each of the four nodes, and apply those separate scores to separate cutpoints for
each of the four nodes?
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2. How is the score conputed for each ASM node?

5.2.1.1 Reporting Overall ASM Rsults Versus Reporting Individual Mode
Resul ts

There are three alternatives for reporting overall ASMtest results. The first
alternative does not conbine the scores fromthe separate nodes, so this alternative is
anal ogous to the way 2500/idle test results are reported. The HC and CO scores are reported
for the 2500 node and separate HC and CO scores are reported for the idle node for a tota
of four scores and up to four cutpoints. For the four node ASMtest, this is too
conplicated. Wth NOx added, three cutpoints are needed for the 3 dynanoneter nodes and two
cutpoints (HC and GO only) for the idle node, necessitating 11 separate cutpoints. (Because
NOx em ssions are insignificant during an idle test, NOx is only considered for the 3
dynanoneter nodes.) This first alternative is too unwieldy for a four node test.

The second and third alternatives are two different ways to report a single score for
each pol I utant by conbi ning one pollutant’s scores fromall the nodes.

For the second alternative, the single score would be the sumof the scores from each
node, using a weighting of 25%for each node. For exanple, to calculate the single ASM
score for HC, the equation would be as foll ows:

ASM HC = (0.25 * 5015 HC) + (0.25 * 2525 HC) + (0.25 * 50RL HC) + (0.25 * idle HC)

In the third alternative, which EPA used, a single score is deternmned fromthe sum of
the individual node scores, but the weighting or coefficient for each was determ ned by
regressi on techniques. A nultiple regression was performed wherein all four of the node
scores are independent variables that were regressed agai nst FTP scores. The regression
produced coefficients for each node, plus a constant. These coefficients weight each node
nore appropriately than the second alternative’ s nmethod of just assigning each node a
wei ghting of 25% BAR/ Sierra used this regression nethod, and |ikew se EPA's anal yses for
this report also used this regression nethod, with one difference that is discussed in
Section 5.5. This yields an equation to calculate a single ASM score for each pollutant.
For exanple, the equation for calculating a single ASMHC score is as foll ows:

ASM HC = (x * 5015 HC) + (y * 2525 HC) + (z* 50RL HC) + (t * idle HC) + Constant
the x, y, z, t, and constant terns are listed in Table 5.2.2

Wi | e ASM advocat es have used this concept, none have proposed specific coefficients for
EPA to evaluate. Thus, EPA had to devel op coefficients.

The remai ning question is: “How were each of the individual node scores determ ned?”

18



5.2.1.2 Det erm nati on of | ndividual Mde Scores

Em ssi on concentrati ons were neasured on each of the four ASM nodes (see Section 5.2.3
for nore details). These concentration measurenents were then converted to simul ated
grans/ ml e em ssions, because concentration measurenents do not provide a reliable
i ndi cati on of the nmagnitude of pollutants emtted per mle traveled. At the same exhaust
concentration level, a heavy vehicle will emt nore per mle than a |light vehicle.

To calculate sinulated g/m results, EPA followed BAR Sierra’ s method, which was al so
foll owed by ARCO wherein the measured concentration values are multiplied by the Inertia
Wi ght (engi ne di splacenent for the idle node) of the vehicle. The 1dl e Mode was not
considered for NOx since it is a no load test. EPA also divided these simulated g/ m
results by the scaling factors listed in Table 5.2.1. Using these factors yield overall ASM
scores that have magnitudes simlar to FTP and | M240 nagni t udes.

Table 5.2.1: Scaling Factors Used to Keep
Regressi on Coefficients of Equal Magnitude

Mbdes 1-3 Mode 4
Pol | ut ant [CONC * TW/ X [CONC * Disp(L) / x
HC 10° 103
(eo) 102 109
NOX 106 NA

5.2.2 Mul tiple Linear Regressions to Find ASM Coefficients

As previously discussed, multiple linear regressions were perforned using the four nodes
(three for NOx) of the ASMtest as the independent variables (X1,...,X4) The one difference
mentioned in Section 5.2.1.1 above is that the 1 M40 (rather than the FTP) was used as the
dependent (Y) variable *. This was done for tests on which the ASMwas run first only,
because the corresponding | M240s are pre-conditioned, and thus nore closely resenble an FTP.

Vehicles that were recruited to the lab or received commercial repairs were not included
in the database used to devel op coefficients, because these are the cars to which the
coefficients were applied. EPA determned that including these woul d cause the devel oped
coefficients to nask the test variability of the ASM (This is also discussed in Section
5.5.)

*

Wiy the 1 M40 was used as the dependent variable, rather than the FTP, is explained in
Section 5.5. This is not discussed here because the purpose of this section is to explain
how, rather than why. Also, this issue requires a |l engthy discussion and relies on
information presented in Section 5.5, so repetition is al so avoi ded.

19



The multiple linear regressions were run on a database of 608 |ane ASMtests versus pre-
condi tioned | ane-1M240s, giving the follow ng coefficients for each node.

Table 5.2.2
Coefficients Devel oped from Multiple Regressi on ASM Versus | M40
(see Table 5.2.1 for scaling factors)

M ode HC CO NOX

Constant 0.083 2.936 0.258
5015 0.025 0.040 0.061
2525 0.059 0.043 0.219
50 M PH 0.136 0.356 0.352
Idle 0.124 1.350 NA

Adjusted R2 29.0% 50.1% 59.1%

5.2.3 Appl yi ng ASM Coefficients

The coefficients were then used to cal cul ate conposite ASM scores for all |ab vehicles
and commercially repaired vehicles. These are the ASMscores that are reported in the
ensui ng cutpoint tables, scatterplots, and regressions.

5.2. 4 ASM Concentration Measurenents

The ASM concentrations were neasured over a 40 second period. Because the exhaust
sanpl e delay to the nost downstream anal yzer cell is alnost 10 seconds, the first 10 seconds
of data were ignored. The concentrations that are used in the conposite ASM score
calculations are actually reported averages over the last 30 second period. For various
reasons, the time allotted for neasured concentrati ons was occasionally | ess than 30
seconds. In these few cases, EPA cal cul ated the average concentrati ons over this shortened
period and reported these values. No ASMtests were accepted with concentrations averaged
over a period of |ess than 20 seconds.

5.2.5 Expl anation of the Criteria Used To Conpare |/ M Tests

In assessing the overall effectiveness of the ASMrelative to the IM240, it is inportant
to determne their effectiveness in neasuring and determning a variety of factors,
i ncluding the excess emssions identified, the failure rate, the error-of-conmssion rate,
the two-ways-to-pass criteria, the discrepant failures, and the unproductive failure rate.
Each of these is discussed below These criteria are used in Section 5.3 to conpare the
ef fectiveness of the two procedures.
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5.2.5.1 Excess Enission ldentification Rate (1DR)

EPA comonly uses the rate of excess emssions identified during an I/Mtest to
objectively and quantitatively conpare I/Mtest procedures. Excess enissions are those FTP-
measured em ssions that exceed the certification emssion standards for the vehicle under
consideration. For exanple, a vehicle certified to the 0.41 g/m HC standard whose FTP
result was 2.00 g/ m, would have excess enissions equalling 1.59 g¢/m HC (i.e., 2.00 - 0.41
= 1.59).

The excess enissions identification rate (IDR equal s the sumof the excess em ssions
for the vehicles failing the I/Mtest divided by the total excess enissions (because of
i mperfect correlation between I/Mtests and the FTP, sone |/ M passing vehicles al so have
excess em ssions which are used for calculating the total excess emssions). Thus, assum ng
an |/Marea that tests 1000 vehicles, 100 of which are emtting 1.59 g/ n excess enissions
each, while the I/Mtest fails (identifies) 80 of the excess emtting vehicles, the excess
em ssion identification rate can be cal cul ated as foll ows:

80 failing vehicles * 1.59 g/m excess per vehicle
100 vehicles * 1.59 g/m excess per vehicle

* 100 = 80% I DR

EPA uses IDR instead of merely conparing the nunber of vehicles that correctly fail and
correctly pass. The IDR better contrasts the relative nmerits of conpeting I/Mtest
procedures because failing vehicles with high emssions is nore inportant than failing those
that are only slightly above their certification standards. For exanple, take two I/ M
procedures that correctly failed 100 of the 500 vehicles that had FTP em ssions greater than
their certification standards, but only 50 cars failed both tests. |If the fifty cars that
failed Test A were high FTP emtters, and the other 50 cars that failed Test B had FTP
em ssions only slightly above their standards, obviously Test A would be preferred, and its
IDR would reflect its better performance. Test A's better performance is not evident in
conparing the nunber of vehicles that correctly fail

5.2.5.2 Failure Rate

As the IDRincreases with different test procedures or different cutpoints, the
opportunity to identify vehicles for enmssion repairs also increases. However, this measure
is not sufficient for determning which is the nore efficient and cost-effective I/Mtest.
Qher criteria nust al so be addressed before such an assessnment can be nade. (ne such
criterion is the failure rate, which is calculated by dividing the nunber of failing
vehi cl es by the nunber of vehicles tested. For exanple:

50 vehicles failed |/M
1000 vehicles tested

* 100 = 5% | /Mfailure rate

The ideal I/Mtest is one that fails all of the dirtiest vehicles while passing
t hose bel ow the FTP standard or close to it but still above it. The potential enission
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reducti on benefit decreases as em ssion |evels froma vehicle approach the standard, because
the prospect for effective repair dimnishes. Thus, achieving a high IDR in conjunction
with a lowfailure rate (as a result of identifying fewer vehicles passing or close to the
standard) efficiently utilizes resources.

5.2.5.3 Error-of - Conm ssion (Ec) Rate

Properly functioning vehi cl es which pass FTP standards sometinmes fail the I/Mtest;
these are referred to as false failures or errors-of-commssion (Ecs). Wen error-of-
commi ssion vehicles are sent to repair shops, no em ssion control system mal functions exist.
O'ten, the repair shop finds that the vehicle now passes the test w thout any changes.
These fal se failures waste resources, annoy vehicle owiers, and nmay | ead to em ssions
increases as a result of unnecessary and possibly detrinental "repairs."” Autonobile
manuf acturers see this as a significant problem since it can contribute to customer
di ssatisfaction and increased warranty costs. An |I/M program seeki ng | arger em ssion
reducti ons through nore stringent em ssion test standards may actual |y increase the nunber
of false failures. The error-of-commssion rate is, therefore, an inportant neasure for
eval uating the accuracy of I/Mtests.

To see how an error-of-comm ssion rate is cal cul ated, assunme an I/Marea which tests
1000 vehicles, of which 100 fail the I/Mtest, although only 50 of those 100 failing
vehi cl es al so exceed the FTP standards. The error-of-comm ssion rate equal s the nunber of
vehicles that fail the I/Mtest while passing the FTP divided by the total nunber of
vehi cl es which were I/Mtested:

50 vehicles failed I/M but passed FTP _
1000 vehicles tested * 100 = S5%Ec rate

As the error-of-conmmssion rate decreases, vehicle owner satisfaction and acceptance of
the I/Mprogramincreases. Thus, while it is relatively easy to inprove the I DR by maki ng
the I/Mtest standards nore stringent, this “inprovement” cones at the cost of potenti al
increases in the error-of-commssion rate.

5.2.5.4 Two- Vys- To-Pass Criteria

The theory behind the two-ways-to-pass criteria for the IM240 is as foll ows.
Assum ng that the 1 M40 test was correctly performed in the first place, the nost likely
reason that a properly functioning vehicle would fail an M40 is that the evaporative
cani ster was highly | oaded with HC nol ecul es and that they were being purged into the engine
during the test. This has been a significant cause of false failures in existing I/ M
prograns and it has been shown that highly | oaded cani sters can cause both high HC and CO
em ssi ons, even though the feedback fuel netering systemis functioning properly.

Since the canister is being purged during the I M40, the fuel vapor concentration from
the canister continually decreases during | M40 operation. The decreasing fuel vapor
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concentration results in decreasing HC and CO enissions. So, em ssions during Mde-2 (the
| ast 136 seconds of the 239 second cycle) should be | ower than the conposite results. n
the other hand, if the vehicle is actually mal functioning, Mde-2 em ssions should remain
hi gh.

Catal yst tenperature can al so affect test outcome. Em ssions are generally highest
after a cold start, before the catal yst has had a chance to warmup. If a vehicle is
standing in line for a prolonged period of tine, or was not sufficiently warmed up before
arriving at the test lane, this can cause the vehicle to fail, when, in fact, it should be
passed. Under the two-ways-to-pass criteria, Mdde-1 acts as a preconditioning nmode, thus
provi di ng i nsurance against this particular variety of false failure.

NOx cutpoint criteria are not included in EPA s two-ways-to-pass algorithm So a
vehi cl e which nmeets the 1 M240 NOx cutpoint (i.e., conposite NOx 2 2.0) only fails if both
its conposite em ssions exceed the HC or GO conposite cutpoints, and its Mde-2 em ssions
exceed the HC or GO Mbde-2 cutpoints. |In other words, a vehicle can pass by having | ow
HCO CO enmissions in Mdde-2 even if its Mdde-1 HCT CO enissions were high. EPA is nmandating
this approach to |1 M40 cut points.

The | M240 cutpoint tables, in Appendix E and Table 5.3.1 in the next section, were
cal cul ated using the two-ways-to-pass-criteria.

The two-ways-to-pass criteria were optim zed only at the cutpoints EPA recomrends for
bi enni al enhanced I/ M prograns, which are referred to as “standard” or “reconmended” | M40
cutpoints. For conposite enissions, the standard cutpoints are 0.80 g/m HC 15.0 g/m CO
and 2.0 g/m NOXx. The Mdde-2 criteria for the standard cutpoints are 0.50 g/m HC and 12.0
g/m OO The Mdde-2 cutpoints were carefully selected fromEPA s |1 M40 data collected in
I ndi ana, to pass properly functioning vehicles while continuing to fail malfunctioning
vehicles. (The Mode-2 criteria were not redetermned for this new Arizona sanple.) The
Mode-2 criteria, listed in the cutpoint tables in Appendix F and Table 5.3.1, sinply
i ncrease proportionally with increasing conposite cutpoints (i.e., beconme |ess stringent)
and decrease proportionally with decreasing conposite cutpoints (i.e., becone nore
stringent). The point is that these Mdde-2 criteria have not been optimzed at every
stringency level to provide the best tradeoff anong IDR failure rate, and Ecs, so it is
probabl e that the effectiveness of the | M40 Mode-2 cutpoints can be inproved.

5.2.5.5 Di screpant Fail ures (DFs)

Di screpant failures are vehicles that fail an I/Mtest for HC and/or CO and pass the FTP
for HC and GO but fail the FTP for N, or vice versa. The table belowillustrates one
possi bl e di screpant failure scenari o:

Test HC or QO NOK
Short Test Pass Fai |
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FTP Fai | Pass

In this exanple, a false failure for NOx happens to occur on a vehicle which is a fal se
pass for HJ CO

Repair diagnostic routines are frequently selected on the basis of which poll utant
caused the I/Mtest failure. @Gven that HJ CO and NOx nove in opposite directions with
changes to the A/F ratio, there is not nuch reason to expect that fixing a N problemwill
reduce HZJ CO em ssions. Therefore, these scenarios represent an error of sorts for the

short test. |If a vehicle was to fail the short test for NOX, whereas the only high FTP
pol l utant was CO chances are the mechanic will be | ooking for a problemthat causes high
NX. In this case, the problemthat is causing high COemssions is not likely to be found.

5.2.5.6 Unproductive Failure (UF) Rate

The unproductive failure rate represents the percentage of vehicles that will be
identified as needing repair, but either repair is not needed (Ecs), or it is not likely the
reason for repair will be found (DFs). The unproductive failure rate is cal cul ated by
addi ng errors-of-comm ssion to discrepant failures, and dividing the quantity by the total
nunber of vehicles which were I/Mtested. Keeping with the sane exanpl e as above, take an
I/Marea which tests 1000 vehicles. 100 fail the I/Mtest, 50 of those 100 failing vehicles
are Errors-of -Comm ssion, and 5 are D screpant Fail ures:

50 Ecs + 5 DFs *
1000 vehicles tested ~ 100 = 5.5%UF  rate

*Unproductive Failure

5.2.5.7 Vehicles with Mal functions That Were Not Counted as Ecs and DFs

Errors-of -comm ssion in |I/M prograns have been nost often caused by test-to-test
variability or inconpatibility between the I/Mtest procedure and vehicle enission control
systens (e.g., air punp switching), so attenpting to repair Ec vehicles were fruitless.
Wth the | M40, however, EPA has found that sone vehicles that had failed the | M40 and
passed the FTP actually did have mal functions, so they were correctly identified and air
quality would suffer by ignoring them By the strict definition of Ecs, the M40 is
penal i zed despite its successfully identifying malfunctioning vehicles.

A likely reason for vehicles passing the FTP despite a nalfunction is that mal functions
are sonetimes intermttent. Vehicle 3172 provides a good exanple. This vehicle had a
nunber of | M240s performed, sone with high NOx and others with | ow NOx. The nechanic
indi cated that the vehicle had a sticky EGR val ve. The mechani c’s di agnosi s was not
i nfluenced by the FTP result because the contractor had been instructed to report only |M40
scores to the nechanics, not the FTP score. This has becone standard practice to allow the
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contractor-repairs to simulate commercial repairs, where mechanics will not have access to
FTP resul ts.

For this analysis, EPA did not count vehicles as Ecs when they had a mal function that
would logically explain the 1 M40 test failure. To facilitate a fair conpari son between the
ASM and the | M40, the ASMfailing vehicles that passed the FTP, but had mal functions, also
were not counted as Ecs when their mal function would logically explain the ASMfail ure.

EPA was very conservative in that a vehicle was counted as an Ec unl ess the mal function
clearly explained the ASMor I M40 test failure. For exanple, vehicle 3239 failed the | M40
with 2.4 g/m NX yet passed the FTP. The vehicle was di agnosed as having a sl ow respondi ng
@ sensor and it was replaced. Because (1) a report of a slowresponding 2 sensor does not
indicate that objective criteria were used, (2) NOx failures are not strongly associ ated
with defective @2 sensors, and (3) all of its other M40 tests had passing NX, the car
was counted as an Ec despite the nmechanic’s judgenent the the C2 sensor shoul d be replaced,
whi ch he did.

Using the simlar |ogic, some vehicles with discrepant failures were also not counted as
DFs when their mal functions could logically explain the I/Mtest failure and a proper repair
coul d be expected to reduce FTP em ssions of the affected pollutant even though FTP
em ssions of that pollutant were initially bel ow FTP standards. For exanple, the vacuum
| eaks on vehicle 3154 could cause a lean air/fuel ratio which can lower the catal yst’s NX
conversion efficiency and cause hi gher conbustion tenperatures, both of which can cause high
NOx on the 1 M40 and ASM FTP NOx em ssions shoul d al so be affected but perhaps not enough
to cause an FTP failure. Because it is logical for a nmechanic to check for vacuum | eaks on
a car that fails N, and this vehicle did have vacuum | eaks, the I/Mtests shouldn't be
penalized for correctly identifying the nalfunction. On the other hand, if this vehicle had
failed COon an I/Mtest and NOx on the FTP, the nechanic would | ook for problens causing a
rich air/fuel ratio, which would probably preclude | ooking for vacuum | eaks.

Table 5.2 lists the five vehicles the met the strict definitions for Ecs or DFs, but

were not counted for the reasons di scussed. Note that while these vehicles were not counted
as Ecs or DFs in the cutpoint tables, they still do count toward the Failure Rate
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Table 5.2.3.1: Cars not Counted as Ecs or DFs

Vehi cl e Original Status Mal f uncti ons Expl ai ni ng
I/M Test Failure
3154 Di screpant Failure failed I njector seals |eak at
| M40 and ASM NOX, but i nt ake manifol d;
failed FTP CO only. di stributor advance vacuum

hose br oken.

3172 Er r or - of - Conmi ssi on; |1 M240 ECR val ve sticks, EGR valve
NOX. vacuum | i ne pl ugged.

3200 Di screpant Failure failed EGR position sensor out of
| M40 and ASM NOx, but range.

failed FTP HC only.

3216 Er r or - of - Conmi ssi on; ASM HC ECM nal functi on
3244 Error - of - Commi ssi on; | M240 I njector mal functions
and ASM NOx. intermttently.

5.2.5.8 Wei ghting Factors to Correct Biased Recruiting

The criteria used to recruit vehicles for laboratory testing heavily biased this
| aboratory sanple toward 1 M40 failing vehicles. Sixty-two percent of the 106 | aboratory
vehicles had failed the I ane-1 M40 criteria (>0.80/15.0/2.0), whereas only 19%of 2,070 cars
tested at the lane failed the 1M40. This resulted in a | aboratory sanple that was highly
bi ased toward failing vehicles. (Two-ways-to-pass criteria was not considered for
| aboratory recruiting.)

Usi ng this biased database results in unrealistically high excess em ssion
identification rates, and unrealistically |ow error-of-commssion rates. So the |aboratory
dat abase must be corrected to represent the pass/fail vehicle ratio in the in-use fleet to
correctly determne IDRs, failure rates, and Ecs. The database was corrected using the
wei ghting factors presented in Table 5.2.5. 2.

Wi ghting factors are used as follows: |If the 66 failing vehicles that received FTP
tests had excess HC em ssions which totaled 100 g/m, the database would be corrected in
this case by multiplying 100 by the 5.97 weighting factor, resulting in corrected total
excess emssions of 597 g/m for the dirty vehicles. |In conparison, the total excess
em ssions of the | M240-cl ean vehicles have to be multiplied by 41.9 to nake their excess
em ssions representative. The total sinulated excess em ssions are the sumof the simlated
excess emssions fromthe clean and dirty vehicles in the I/MIlane sanple. The nunber of
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vehicles tested was simlarly adjusted with the factors for the purpose of cal cul ating
failure rates. The sanple of 40 cl ean vehicl es provi des confidence in concl usi ons about a
test's relative tendency to avoid failing clean cars.

Table 5.2.5.2
Wei ghting Factors Used To Adjust the Laboratory Database

| M40 at Lane # at Lane # at Lab Wi ght i ng Fact or
Pass: 20.80/15.0/2.0 1676 40 41. 90
Fail: >0.80/15.0/2.0 394 66 5.97

The resulting wei ghted dat abase was used to produce the realistic estinmates of |DRs,
failure rates, and Ecs that are listed as cutpoint tables in Appendices D & E.  These
cutpoint tables are sorted by failure rates. For the cutpoints that produce the sane

failure rate, the results are sorted first by HC IDRs (in descending order) and then by NOx
| DRs.
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Compari son of 1 M40 Versus ASM Usi ng Cut point Tabl es

In assessing the overall effectiveness of I/Mtest procedures, as discussed in Section
5.2, it is inportant to determine the test's effectiveness in terns of IDR the failure
rate, discrepant failures and unproductive failure rate.

Appendi ces D and E list the same criteria for many different cutpoints. Table 5.3.1
provides a summary of these criteria to conpare the ASMwith the I M40 for the foll ow ng
three inportant scenari os:

- ASMcutpoints selected to achieve the same 18% failure rate (using the cutpoint
tables that are reweighted to correct the lab sanple bias) that result fromEPA s
recomrended | M240 two-ways-to-pass cutpoints of .80/15.0/2.0 + 0.50/12.0. Anong
the ASM cut poi nt conbinations with this failure rate (see Appendix E), a
conbi nati on was sel ected that produced the maximumIDRs for all the pollutants
si mul taneously, so there was no need to set priorities anong pollutants.

- ASMcutpoints selected to achieve IDRs simlar to the IDRs that result from EPA 'S
recomrended | M240 two-ways-to-pass cutpoints of .80/ 15.0/ 2.0 + 0.50 / 12.0.
Because ASM CO and NOXx I DRs coul d nore favorably be presented by excluding HC, two
ASM cut poi nt sets are presented, one to provide matching ASM and | M40 HC | DRs
(resulting in better IDRs for GO and NQx), and the second to provide matchi ng ASM
and | M240 CO & NOx | DRs.

- ASMand |1 M40 cut poi nts sel ected to achieve the highest | DRs possible while keeping
the unproductive failure rate below 5% This case was addressed on the possibility

that an aggressive I/Mprogrammght be willing to operate with such a high Ec
rate.
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Table 5.3.1
Comparison of the Ability of 1M240 and ASMto ldentify Vehicles Whose Em ssions Exceed
Certification Standards Based on 106 Lab Vehicles Wighted to Represent 1676 Lane Vehicles

Excess Emissions Unproductive
Failure Identified Discrepant Failure
Test Scenario  Rate HC CO  NOx Ec" Failures Rate"” Cutpoints
% % % % # # %
IM240  Standard 18 92.2 67.5 83.4 0 12 0.6 .80/15.0/20+
Ctpts. 0.50/12.0
ASM  Same Fall 18 74.7 61.1 68.0 42 6 23 1.00/8.0/20
Rate
ASM  Similar HC 42 92.4 78.1 95.0 174 180 17.1 1.00/8.0/1.0
IDR
ASM  Similar CO 24 80.4 66.2 89.4 84 48 6.4 1.00/11.0/1.4
& NOx IDRs
ASM  Best IDRs 28 82.5 67.0 80.1 438 438 46 40/8.0/15
w/UF @
<5%
IM240 Best IDRs 33 95.9 78.2 97.1 60 12 35 .30/9.0/1.7+
w/UF @ A19/7.0
<5%
Weighted # 1676
of Vehicles =

*

Excl udes Ec vehicles that had nal functions that caused an I/Mtest failure, but because
they were intermttent mal functions, did not fail the FTP. FTPs were al ways perforned on a
different day. Since they were correctly identified by the I[/Mtest, they are not vehicles
that will "ping-pong"

** The Unproductive Failure Rate includes the traditional Ec vehicles and the discrepant
failures, without including the traditional Ec vehicles that were found to have intermttent
mal functions that were not identified by the FTP test.

29



For the first scenario with an 18%failure rate for both tests, the ASMstatistics in
Table 5.3.1 show that the I1M240 identifies 18 percentage points nore of the excess HC
em ssions and 15 percentage points nmore of the excess NOX enissions than the ASMidentifies,
with a significantly | ower unproductive failure rate. Expressed differently, an |IM40-based
programwoul d relinqui sh about 19%of its HC effectiveness and 18.5%of its NX
effectiveness by substituting the ASMtest at the sane failure rate. Sone relatively dirty
vehicles are mssed by the ASM and repl aced by relatively clean vehicles. This scenario is
illustrated in Figure 5.3.1.

The second scenario shows that in order to achieve HC IDRs simlar to the [M40 s at an
18%failure rate, the ASMs failure rate nust be increased to 42% resulting in an
unacceptable Ec rate of 17% To achieve simlar CO and NOx IDRs with the ASM an ASM
failure rate of 24%is necessary, and that also results in an unacceptabl e unproductive
failure rate of 6.4% This scenario is illustrated in Figures 5.3.2 and 5. 3. 3.

The |l ast scenario conpares the tests at the maxi num | DRs achievable while limting the
unproductive failure rate to less than five percent. Again, the IM40 IDRs are
significantly higher than the ASMs, with a | ower unproductive failure rate. The |IM40 HC
IDRis 14%higher, the COIDRis 14.3%higher, and the NOx IDRis 17.5%higher, with an Ec
rate that is 1%l ower. Expressed differently, an aggressive | M40-based programwith a 3.5%
unproductive failure rate would relinqui sh about 14%of its HC and 17.5%of its N
effectiveness by substituting the ASMtest at at an even hi gher unproductive failure rate.
This scenario is illustrated in Figure 5.3.4.

These statistics indicate that the ASMtest is significantly less effective than the
M40 as an |/ Mtest.

The second scenario, wherein the ASMs HC IDRis raised to match the | M40's HC | DR of
92% is anticipated to raise the foll ow ng question:

Why didn't EPA make the ASM’s HC cutpoint more stringent to increase the ASM’s IDR
without increasing the stringency of the ASM’s NOx cutpoint, thereby allowing a lower ASM
failure rate?

The answer is that eight vehicles (see Table 5.3.2) have a major inpact on the ASM HC
IDR but their ASM HC scores are less than 0.3 g/m. A though their ASM HC scores are very
I ow, they account for roughly 10.5%of the total excess FTP HC em ssions. These eight
vehi cl es al so have ASM CO scores below 8.0 g/m. Wile devel opi ng the ASM cut poi nt tabl es,
EPA found that ASM cutpoints bel ow 0.3/8.0 caused failure rates and Ecs to increase
excessively, so the final cutpoint tables did not include tighter cutpoints. So to achieve
the IM40's HC IDR the only “practical” way to identify these cars is through the N
cut poi nt .

Five of the eight cars with high FTP HC that pass the ASM HC cutpoints are failed by a
NOx cutpoint of 1.5 or less. These five cars account for 7.6%of the total excess HC
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emssions. So the 1.0 g/m ASM NOx cutpoint achi eves an HC I DR conparabl e to the 92.2%
achi eved by the M40 at EPA's standard cut points.

Tabl e 5.3.3 sunmari zes the ASM cutpoint table in Appendix E to show that the only way
for the ASMto achieve the I1M240’s HC I DR of 92.2%at the recomrended cutpoints for biennial
prograns is to lower the ASMNOX cutpoint to 1.0.

Table 5.3.2: Vehicles that Pass a
0.30 g/m ASM HC Cut point Wiile Failing FTP HC

Vehi cl e HC FTP CO FTP NOx FTP HC ASM CO ASM NOx ASM

3180 0. 96 9.75 1.22 0.15 3. 64 0. 68
3192 0. 49 6.31 0.53 0. 20 6. 42 0.92
3195 0.51 5. 80 0. 66 0.18 3. 26 1.27
3199 0.53 10. 90 1.53 0.29 3. 89 1.53
3201 0.94 19.73 1.72 0.17 4.73 1.22
3254 1.87 35. 87 1.16 0.29 7.37 1.13
3257 1.26 8. 57 0.90 0.25 4. 65 1.03
3259 1.94 14. 95 0.53 0.23 4.61 1.22

Table 5.3.3: Alternative ASM Cut points For Hi gh HC | DRs

ASM Identification Rates Failure Ec Discrepant UF ‘
Cutpoints HC | CO | NOXx Rate Rate* Failures Rate
0.30/ 8.0/ 2.0 88.0% 69.2% 74.9% 29% 4. 3% 0 4. 3%
0.30/ 8.0/ 1.8 88.2% 69.3% 78.2% 30% 4. 3% 0 4. 3%
0.30/ 8.0/ 1.5 89.0% 71.0% 82.7% 33% 4. 3% 42 6. 4%
0.30/ 8.0/ 1.4 90.3% 75.1% 89.5% 38% 6. 4% 42 8. 4%
0.30/ 80/ 1.3 90.3% 75.2% 89.5% 40% 6. 4% 84 10. 4%
0.30/ 80/ 1.2 91.4% 76.4% 89.9% 42% 6. 4% 126 12. 4%
0.30/ 8.0/ 1.0 96.6% 82.1% 95.0% 48% 8. 7% 132 15. 0%
0.40/ 80/ 1.0 92.4% 78.8% 95.0% 45% 8. 7% 138 15. 3%
1.00/ 8.0/ 1.2 84.1% 71.9% 89.8% 32% 4. 0% 132 10. 4%
1.00/ 9.0/ 1.0 91.3% 74.9% 95.0% 40% 8. 4% 221 19. 1%
1.00/ 8.0/ 1.0 92.4% 78.1% 95.0% 42% 8. 4% 180 17. 1%

To achieve an HC IDR rate greater than 89%a Nx cutpoint of less than 1.5 i s necessary.
To achieve an HC IDR rate greater than 91.4%a NXx cutpoint of less than 1.2 is necessary,
and to achieve an HC IDR rate greater than 92% a NXx cutpoint of 1.0 is necessary. Once a
tight NOx cutpoint is used to fail these cars with excess HC, the HC cutpoi nt no | onger
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determines the result, at least in this sanple. So, ASMcutpoints of 1.00/8.0/1.0 are the
| east stringent ASM cutpoints that can achieve a 92% HC | DR

Anot her consideration is that the ASM cut poi nts have been optim zed for this database.
In contrast, the 1 M40 recomrended cutpoints were optimzed for the Indiana | M40 dat abase.
Because of sanple to sanple differences, the opti mumcutpoints are expected to vary slightly
fromone database to another. So the optimum ASM cut poi nts are being conpared to standard
| M40 cut points, which while optinumfor the Indiana data, are not the opti num cutpoints for
thi s dat abase. Appl yi ng ASM cut poi nts optim zed for this data base, to a different
dat abase, is expected to further |ower the ASMs performnmance.
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Figure5.3.1
Comparison of ASM to I M 240
Using M 240 Standard Cutpoints
With Maximum ASM IDRs at Equivalent Failure Rates

100% -

92%
90% —+
83%
80% —-
75%
70% -+ 68% 68%
61%
60% —+
50% —+
40% —+
Note Higher
30% —+ ASM UF Rate
20% —+ 18% 18%
10% —+
2.3%
0.6% "
0% | | | e 1
HC IDR COIDR NOx IDR Failure Rate Unproductive
Failures

O IM240 at Recommended Cutpoini [0 ASM at Same Failure Rate

33



100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Figure5.3.2
Comparison of ASM to I M 240

With ASM HC IDR Matching |M 240 | DF

92% 92%

68%

78%

95%

83%

Fail

/

42%

Note ASM
ure & UF Rate

18%

17%

0.6%

HC IDR COIDR

NOx IDR

Failure Rate

Unproductive
Failures

O IM240 at Recommended Cutpoini [0 ASM at Matching HC IDR

34



100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Figure5.3.3
Comparison of ASM to IM 240
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5.4 Conparison Using Scatter Plots and Regression Tables

The objective of this analysis was to check the correlation of both the |1 M40 and the
The correlations are illustrated in Figures F-1 through F-9, in

ASMtest with the FTP.
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Appendi x F. Appendi x F includes regression tables along with these scatterplots. The
regressi ons show simlar R 2 over the entire data range, but the 1 M40 correl ates nuch better
to the FTP for vehicles emtting closer to the FTP standards.

5.4.1 Usi ng the Coefficient of Determnation (4?) and Standard Error of the
Estimate for Objective Conparisons

R2 represents the percentage of variability in the dependent variable (FTP result) that
i s explained by the independent variable (I/Mtest result) and is often used to conpare one
I/Mtest’s effectiveness with another’s, but R 2 can often be m sl eading. Since R 2 js
often used in correlation studies, it does provide an indication of conparative test
accuracy that would be of interest to readers accustomed to seeing such conpari sons. Mre
i mportant, however, is how well these tests discrimnate between nmal functioning and properly
functioning vehicles at an I/Mstation, which is best nmeasured using the techni ques
di scussed in Section 5. 2.

For a vehicle to fail an 1 M40, it must fail the two-ways-to-pass-criteria devel oped by
EPA (see Section 5.2.2). The R 2 val ues presented in this section are for conposite | M40
scores only and do not account for this. Two-ways-to-pass affects the quantitative
correl ation between 1 M40 and FTP significantly because the Mde-2 HC and CO val ues are
often nore representative of vehicles’ actual FTP em ssions. However, EPA believes it is
not appropriate to mx and match conposite and Mbdde-2 scores into one quantitative
correl ati on anal ysi s.

Additionally, the R 2 conpari sons presented here do not account for the sanple’ s bias
toward high enmtters (discussed in Section 5.2.5.8). The 106 vehicles that were recruited
to the lab for FTP testing were purposely biased to include a high nunber of dirty vehicles.
When regressing the I/Mtest scores versus the FTP to determne R 2 val ues, these hi gh
em ssi on val ues di sproportionately influence sone regression statistics, given the typica
distribution of in-use emssions data. Thus the em ssion values close to the FTP standards
(where conparing I/Mtests is nost inmportant), have |less influence on the R 2 statistic than
desirable for determning the actual nerits of these tests. Qutpoint tables account for
this sanpl e bias by weighting each vehicles enissions according to the popul ation of
vehicles tested at the I/Mlane

To account for these limtations the sanple was divided into the follow ng three groups:

Al Vehicles This database is not very useful for conparing correl ati on because
the cleanest and dirtiest vehicles donnate the R 2 statistic. Both tests
correctly differentiate these. Mre pertinent are the vehicles with em ssions
closer to the FTP standard, where the capability of I/Mtests is not masked by the
very clean and very dirty vehicles. Also, vehicle 3211 is a COoutlier for both
tests. It has a major effect on the regression equation and the R 2 thus maski ng
the typical capability for both procedures.
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e Vehicle 3211 Renpvedfor HC, CO, NOX. This database better characterizes the
correlation of both short tests with the FTP, but for the reasons discussed, it is
not the nost relevant for conparing the effectiveness of the tests.

« Mrginal Emitters Only vehicles that are not very clean or not very dirty on FTP
using followi ng criteria:

HC 30.30 g/m and <1.5 g/m on the FTP
CO 32.5 g/m and <25.0 g/m on the FTP
NXx 30.5 g/m and <2.25 g/m on the FTP
Al so, Vehicle 3211 was excluded as an outlier.

Al vehicles with FTP em ssions less than 0.30 HC, 2.5 G0, and 0.5 NXx passed the
ASM and | M40 tests, for all the cutpoint sets evaluated in Section 5.3.

The standard error is an objective neasurement of test variability expressed in the
units (g/m. in this case) of the variables used in the regression. Because R 2 are
expressed as percents, standard errors have an advantage of being | ess abstract.

Table 5.4.1 provides a sunmary of R 2 and standard errors for Fi gures F-1 through F-9 in
Appendi x F, divided into the 3 groups just discussed. The “Marginal Emtters” group
indicates that the R2 for the | M40 are consi der ably higher for HC and NOx, and somewhat
hi gher for GO Likewi se, all the standard errors are |lower for the |1 M40, nost notably for
HC.
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Table 5.4.1 Sunmary of R and Standard Errors

Vehicle 3211 Vehi cl es Near
Dat a Set : Al'l Vehicles Removed St andar ds
n: 106 105 43

Pr ocedur e: | M40 ASM | M240 ASM | M240 ASM
RZ = 82% 73% 83% 74% 63% 17%

HC
Std. EBrror 4 0.62 0.76 0.61 0.75 0.19 0.28
RZ = 54% 68% 75% 80% 25% 13%

CO
Std. Error 9§ 13.4 11.2 10.0 8.9 4.3 4.6
RZ = 70% 71% 70% 71% 46% 26%

NOx
Std. EBrror 4 0.65 0.64 0. 66 0. 64 0.34 0. 39

The standard errors listed in Table 5.4.1 can be used to estimate the | owest FTP val ue
that would confidently predict a dirty vehicle. For exanple, the HC standard error is 0.28
g/m for the “Marginal Emtters” group. Since 95%of the tine, a vehicle’s result will be
within £2 standard errors, this suggests that the | owest ASM HC score that confidently
predicts an HGdirty vehicle (i.e., FTP HC > 0.41) is the ASM HC score that yields (using
the regression equation) an FTP HC of 0.97 g/m [0.41 + (2 * 0.28)]. |In contrast, using the
| M40 error of 0.19 g/m neans the | owest | M40 score that confidently predicts a HGdirty
vehicle is 0.79 g/m, over 18%]l ess than the score needed to confidently predict an ASM HC
dirty vehicle.
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5.4.2 Advant age of Using Wi ghted Mdes

The ASMtest is given a big advantage in the way the regressions are perfornmed because
each node is weighted separately according to the 1M240. On the other hand, the I M40 score
is a non-weighted score. EPA devel oped the I M40 to contain simlar driving conditions as
the FTP. However, the frequency of each condition is not proportional to the FTP. By
wei ghting different nodes of the IM240 to the FTP simlar to the way EPA has weighted the 4
nodes of the ASMtest, EPA has found the R 2 for the | M40 to i mprove i nmensely. The
current score reported for the 1M240 is sonmething |ike weighting each node of the ASMt est
25% This would hurt the correlation of the ASMwi th the FTP, because, as is shown in

Section 5.5, the 50 nph node accounts for roughly half of the conposite ASM scores for each
pol | ut ant .

5.4.3 Observations of Scatterplots

The scatterplots for the first two sets of data (Figures F-1 through F-6) do not appear
much different for either test, mainly because the high emtters cause the em ssions cl ose
to the standards to appear as a tight pack of data. The plots for vehicles near the
standard only (Figures F-7 through F-9), however, suggest the foll ow ng:

HC - The 1 M40 identifies the dirtier cars much better. Notice on the ASM HC pl ot how
many high emtters (FTP HC0.82 g/m) still score relatively | ow on the conposite
ASM score. Six vehicles pass the very tight ASM HC cutpoint of 0.3 predicted g/m,
yet have FTP em ssions greater than tw ce the FTP standard (0.82 g/mi).

CO - Neither test appears to correlate very well over this emssion range for CO Two
i ssues cone into play that explain why this is. First, cars with | oaded canisters
wi Il have high 1 M40 Mbde-1 CO enissions at the |ane, causing the short test to
have a high score while the FTP at the lab is relatively low The second scenario
is cold start problens. Two vehicles in the database (Vehicles 3175 and 3227)
appear to have cold start problens, with high Mde-1 FTP CO emi ssions, and | ow Bag-
3 FTP GO enmissions. Since the lane test is a hot start test, these vehicles wll
show up clean at the lane, and the cold start FTPs will be significantly dirtier.

NOx - The IM240 has a slightly tighter fit to the regression line, and nore of the FTP
dirty cars fall to the upper right of the scatterplot (i.e., fail the test
properly).

5.4.4 Poor ASM HC Correl ation
As discussed in Section 5.3, ASMHC scores do not correlate very well with FTP HC

scores. This section briefly discusses theoretically why sone of these vehicles had very
| ow ASM HC em ssions, yet failed the | M40 and FTP for HC em ssions. Because the
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contractor’s mechanics were not aware of the ASM scores, vehicles were not diagnosed with
the objective of determning the cause of the performance differences on these I/Mtests.

The first four vehicles in Table 5.4.2 were found to have ignition problens. This is
| ogi cal considering that msfire, which causes high HC, is sonetines related to load. As
| oad increases the voltage required to junp the spark plug gap al so increases. Sone
portions of the I M40 |oad the vehicle nore heavily than any of the ASM nodes, so a margi nal
ignition systemthat only causes msfire during the higher M40 |oads will not be
identified by ASM HC.

Vehi cl es 3180 and 3264 were found to have bad O 2 sensors and other nal functions. Slow
responding @2 sensors are nore likely to be identified during a transient test, because
changing throttle position tends to cause air/fuel ratio excursions that will cause high
em ssions unless the fuel induction systemrapidly conpensates to maintain the opti num
air/fuel ratio. So slow responding @ sensor mght explain the high HC on the 1 M40 and | ow
HC on the ASM

The di sconnected vacuum | ines on vehicle 3201 coul d have caused | ean-m sfire during
accel erations on the 1 M40 that woul d not be apparent on the steady-state nodes of the ASM

These expl anations can not be proven with the existing data, but they should indicate
that a steady-state test suffers fromknown di sadvantages in identifying vehicles with these

types of mal functions.

Table 5.4.2 Vehicles with Poor ASM HC Correl ati on

VEH  ASM HC FTP HC | M40 HC  Probl em Found

3259 0.23 1.94 1.50 I gnition Mdul e

3257 0.25 1.26 1.92 Plug Wres, Plugs Transducer,
Ignition Coil Transistor

3155 0.34 3.25 2.77 I ncorrect Plugs, Torn wire boot

3210 0.35 1.40 1.04 @ Sensor, Spark Plugs, Fuel Hose,
Cat al yst

3180 0.15 0. 96 1.33 @ Sensor and Injectors

3264 0.49 1.36 2.16 @ Sensor, Vacuum Switching Val ve

3254 0.29 1.87 2.26 ECU Intermttent, Catalyst

3201 0. 17 0.94 1.15 Vacuum Li nes Di sconnect ed

3165 0. 39 1.96 1.59 Dirty Injectors
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5.5 Derivation of ASM Coefficients and Mode Contribution Variations From Sanple to
Sampl e

This section discusses why the ASM coefficients that EPA based its anal yses on were
devel oped using the 1 M40 as the dependent variable rather than the FTP. BAR/ Sierra and
ARCO used the FTP to devel op ASM Coeffi cients.

Al so discussed are the rather large variations in the ASMcoefficients with different
sanpl es, and the variation in the contribution of each ASMnode to the final ASM score
(expressed as percent contribution).

5.5.1 ASM Versus | M240 As The Dependent Vari abl e For Determ ni ng ASM
Coefficients

EPA faced a dilema in determ ning the best method for devel opi ng the ASM equati on
coefficients. No ASM advocate has reconmended specific coefficients, on which, EPA should
accept or reject the ASM approach. So two options were to: 1) performthe miltiple
regressions on all the lab recruited vehicles for ASMversus FTP. O, 2) performthe
multiple regressions for ASMversus | M40 on a subset of the |lane sanple, excluding all Iab
recruited cars.

Qoviously, the ideal method is to regress the ASMs versus FTPs (i.e., option 1), but
this raises a problem To evaluate how well the ASMidentifies FTP failing vehicles, the
coefficients nmust be applied to the lab recruited vehicles to calculate simulated grans/mle
scores. However, good statistical practice mandates applying the coefficients to a
different sanple than those from which they were devel oped.

This interlinking method, wherein the coefficients are applied to the same vehicles from
whi ch they were devel oped, would mnimze the effects of the test’s variability. This
improper interlinking is illustrated using results fromVehicle 3211. This vehicle’ s |ane-
| M40 CO score was 93 g/m and its ASM CO score was 65 g/m using the coefficients fromthe
608 vehicle sanple listed in Table 5.5.1 (The rel evance of the other sanples in this table
will be discussed later). Its FTP GO score was only 10.8 g/m.
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Table 5.5.1
CO Coefficients Devel oped from Di fferent Sanples

M ode CO Samplel CO Sample?2 CO All 608 CO vVvsFTP
Constant 2.814 2.836 2.936 5.533
5015 0.035 0.116 0.040 -0.047
2525 0.072 -0.058 0.043 0.565
50 MPH 0.425 0.391 0.356 0.050
Idle 0.891 2.014 1.350 1.968
Adjusted R2 34.2% 58.4% 50.1% 80.6%

The scatter plots bel ow show that using the | M240-devel oped coefficients cause this
vehicle to be easily identified as an outlier. |In marked contrast, using the FTP-devel oped
coefficients make it look like this vehicle’s ASMscore highly correlates to its FTP score.
The ASM node scores are weighted differently, so the high scoring node(s) are de-enphasized.
But these same-sanpl e FTP-based ASM coefficients are obviously peculiar to this sanple, and
hi ghly dependent on it containing this one particular car. (See Tables 5.5.1 and 5.5.6.)

Still not answered is which ASM coefficients better indicate whether the vehicle is

mal functioning or not. Sone could argue that this vehicle should not be an outlier.

I nst ead, the |1 M240-devel oped coefficients inappropriately make it appear as an outlier.
Attenpting to resolve this, the raw ASM concentrati on neasurenents were checked. This
vehicl e’ s 50 nph nmode QGO concentration was 4.96% which is higher than 97% of vehicl es
recruited to the lab (103 of the 106 vehicles).

Usi ng the same-sanpl e, FTP-based ASM coefficients prevents this vehicle frombeing an
outlier because they adjust thenmselves to mnimze the effect of the 50 nph node score from
all cars. Additionally, the very high concentrati on neasurenment (4.96% proves that the
vehi cl e had a mal function causing very high em ssions that had been inappropriately
mnimzed. (This was also verified during the mechanic’s inspection which found a defective
@ sensor and that an ECM PROM update was required.) This evidence strongly supports EPA s
properly using the preconditioned | M40s as the dependent variable for devel opi ng ASM
coefficients to conpare the ASM and | M240 correlations with the FTP.

Thi s evidence al so casts doubt on concl usi ons devel oped fromtest prograns that used
interlinked coefficients. Interlinking nmakes the correlation between the ASM or any ot her
test, and the FTP significantly better than coul d be expected in an official I/M program
Since I/Mprograns will apply ASMcoefficients to vehicles that were never FTP tested, the
opportunity for interlinking will not exist, so ASM performance shoul d not be eval uated
using interlinked coefficients.

Anot her reason for EPA's not using FTP-based coefficients is because some are negative,

whi ch neans that as ASMb015 em ssions increase, FTP em ssions decrease. This is counter-
intuitive.
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EPA deci ded that the best nethod, using the Arizona data, was to regress the four
steady-state nodes (three for NOx) against |ane-only, preconditioned | M240s. There were
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three major factors leading to this decision. First, this allowed applying the coefficients
to a different subset of data (the lab recruited vehicles). Second, the sanple size was
considerably larger (608 vs. 106 tests). EPA s FTP sanple was too small to divide and use
half to determne coefficients and the other half to evaluate ASM effectiveness, which is
supported by the negative coefficient yielded for the ASMb015 listed in Table 5.5.1. Third,
only preconditioned | M240s were used because they correlate better with the FTP than non-
precondi tioned | M240s. The only significant conpronm ses in using | M40s instead of FTPs is
that the conposite ASM score does not include a cold start excess (which woul d be

i ndependent of warned-up ASM node concentrations anyway) and that the m x of speeds and
loads in IM240 is not exactly like that in the full FTP driving cycle (a hardshi p borne by
the IM40 in its own correlation to the FTP).

Figure 5.5.1 illustrates that preconditioned | M40s strongly correlate with the FTP.
These data are fromthe 106 |lab recruited vehicles, but are restricted to | M40s that were
performed followi ng the ASM at the |ane, naking them preconditioned | M40s.

NOx has the worst correlation because of a fewoutliers at the high end, but this is not

a concern for the ASMsince the NOx coefficients are relatively stable, which is discussed
in the next section.
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Figure 5.5.1 Hgh Correlation of Preconditioned Lane-1M40s with FTPs
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5.5.2 Variability of ASM Coefficients

The objective of the followi ng analysis was to investigate the stability of the
coefficients used to cal cul ate conposite ASMsinmul ated grans/nile scores. The database was
divided into four sanples for conparison.

Sanmpl e 1 was devel oped by using a random nunber generator to select 304 vehicles from
the lane-only fleet of 608. The renaining 304 vehicles becanme Sanple 2. Sanple 3 was all
608 vehicles, and the fourth sanple was the 106 | aboratory vehicles. The ASM coefficients
for the first three sanples were devel oped using the 1 M40 as the dependent variable and the
FTP sanpl e used the FTP for the dependent variable. The resulting coefficients are listed in
the following tables. (Table 5.5.3 is a duplicate of Table 5.5.1.).

Table 5.5.2
HC Coefficients Devel oped from Di fferent Sanples

Mode HC Samplel | HC Sample2 | HC All 608 | HC vsFTP
Constant 0.080 0.073 0.083 0.291
5015 0.045 0.008 0.025 -0.261
2525 0.047 0.059 0.059 0.507
50 MPH 0.147 0.123 0.136 0.238
Idle 0.084 0.585 0.124 0.154
Adjusted R2 21.7% 38.9% 29.0% 79.4%
Table 5.5.3

CO Coefficients Devel oped from Di fferent Sanples

M ode CO Samplel CO Sample?2 CO All 608 CO vVsFTP
Constant 2.814 2.836 2.936 5.533
5015 0.035 0.116 0.040 -0.047
2525 0.072 -0.058 0.043 0.565
50 MPH 0.425 0.391 0.356 0.050
Idle 0.891 2.014 1.350 1.968
Adjusted R2 34.2% 58.4% 50.1% 80.6%
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Table 5.5.4
NOx Coefficients Devel oped from Di fferent Sanples

Mode NOX Samplel | NOX Sample2 | NOX All 608 NOX vs FTP
Constant 0.230 0.279 0.258 0.190
5015 0.088 0.045 0.061 0.148
2525 0.206 0.212 0.219 0.093
50 MPH 0.386 0.333 0.352 0.291
Adjusted R2 60.2% 57.9% 59.1% 71.1%

The negative coefficients are highlighted in bold. e could infer fromthe negative
coefficients that increasing the emssions during that node of the ASMwoul d | ower the
conposite score.

These coefficients were used with the ASMdata, fromeach of the 106 | ab-recruited
vehicles, to calculate the em ssions for each node and the percent of the total em ssions
that each node contributed. These node contributions give a better indication of each nodes
importance in the final ASM score, than the coefficients, which are nore difficult to

interpret. The results are listed in the follow ng tables:
Table 5.5.5
Average Contribution of Total HC Em ssions by Mde
Mode HC Samplel | HC Sample 2 HC All 608 HC vsFTP
Constant 17% 17% 19% 11%
5015 20% 4% 12% -75%
2525 17% 22% 22% 116%
50 M PH 43% 39% 43% 45%
Idle 2% 18% 4% 3%
Table 5.5.6
Average Contribution of Total CO Em ssions by Mode
M ode CO Samplel | CO Sample?2 CO All 608 CO vVsFTP
Constant 26% 27% 29% 28%
5015 4% 12% 4% -5%
2525 7% -6% 4% 55%
50 M PH 57% 53% 51% 7%
Idle 6% 15% 11% 15%
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Table 5.5.7
Average Contribution of Total NOx Em ssions by Mode

M ode | NOX Samplel | NOX Sample2 | NOX All 608 | NOX vsFTP
Constant 15% 20% 17% 20%
5015 11% 6% 8% 22%
2525 24% 27% 27% 13%
50 MPH 50% 47% 48% 45%

The HC coefficients in particular are very volatile, and that the negative FTP-devel oped
coefficients are counter-intuitive. Wen applying the coefficients fromSanple 1, the idle
node, on average, only contributes 2%to the total score. This contribution junps to 18%
when the coefficients fromSanple 2 are applied. Similarly the ASMb015 contri bution drops
from20%to 4% These exanples indicate that the | argest sanple (608 vehicles) with
precondi ti oned | M240s was the best sanple available for devel opi ng ASM coefficients.

5.5.3 Si gni fi cance of Mdde Contri butions

The ASM node contri butions al so vary as the conposite ASM score noves from | ow val ues
(for which the constant termw |l be the primary contributor to the conposite score) to
relatively high values (for which the constant termwll be a relatively snmall contri butor
to the conposite emssion). This is illustrated in Figures 5.5.2 to 5.5.4. For OGO the
ASMb015 and ASM?525 are conbi ned, because of the negative contributions of 2525 and the
smal | contribution of the ASMb015 in relation to the 50 nph node.
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The fact that the 50 nph node contributes so nmuch to the conposite score for each
pol lutant is also reason for concern. This opens the opportunity for mechanics to adj ust
vehicles to | ower emssions for just one node (namely the 50 nph), which will be further
di scussed in Sections 5.6.3 and 5. 6. 4.

5.5.4 Concl usi ons on ASM Mode Contri buti ons

Wil e not a node that was recommended by the ASM devel opers, the 50 nph node at road
| oad hor sepower appears to be nore inportant for identifying dirty vehicles than the | ower
speed, accel eration simlation nodes (ASMb015 and ASMP525). Surprising was the snall
contribution of the ASMb015 (node 1) for identifying dirty vehicles considering that
BAR/ Si erra and ARCO both found this node to be the nost effective. This suggests that the
first mode in a four node sequence serves mainly to precondition vehicles for the follow ng
nmodes. Random zing the order of the nodes may be useful in determning the best sequence.

For the cutpoint analysis in Section 5.3 and the regression analysis in Section 5.4, the
ASM scores used were those cal culated fromthe coefficients devel oped fromthe 608 ASM
versus preconditioned | ane-1M40s. However, the variability of the HC coefficients between
the two random subsets of 304 tests suggest that a different sanple of 608 tests m ght
produce substantially different equation coefficients. The resulting change in HC (and in
sone cases CO and NOx) ASM scores woul d produce different failure rates, 1DRs, and Ec rates
in the cutpoint tables, and different R 2 values in the regressions of ASMversus FTP. So
the volatile coefficients may vary fromsanple to sanple, or worse yet region to region,
resulting in disparate I/M prograns which would be hard to eval uate on a consi stent basis.

5.6 Repair Anal yses
5.6.1 Contractor Reairs

The objective of this analysis was to investigate the perfornmance of both the I M40 and
the ASMtests as predictors of changes (i.e., decreases or increases) in FTP em ssions
foll owi ng contractor-perforned, |MA40-targeted repairs.

O the 106 vehicles used in the cutpoint analysis (Table 4.2.2), 56 exceeded the | ane-
| M40 0.80/15.0/2.0 + 0.50/12.0 cutpoint and were repaired by the contractor. O these, 52
recei ved each of the three following tests both prior to repairs (i.e., as-received) and
foll owi ng repairs:

- a Lane-1 M40,
- a Lane-ASM and
- an FTP.
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These 52 were used in this analysis and are included with the data listed in Appendi x B.
The resul ting database of those 52 fuel-injected vehicles has the followi ng distribution:

Order of Lane Testing
Fuel ASM Pri or | M40 Prior
Met eri ng to 1 M40 to ASM
PFI 14 16
TBI 11 11

The contractor was instructed to performthe mninumrepairs necessary in order that
each vehicle’' s M40 em ssions after repair (as tested at the contractor’s |aboratory) mneet
the following criteria:

- conposite M40 HC 2 0.80 g/m,

- conposite 1M40 CO 2 15.00 g/m, and
- conposite M40 NOx 2 2.0 g/m.

The contractor was allowed miltiple repair attenpts if the first set of repairs did not
reduce the I M40 em ssion | evels enough. The repairs were linted to $1,000 per car. And,
the contractor was instructed that “the mechanic should only be aware of the | M40 scores
for the 1 M40-targeted repairs.” Because ASM cutpoints, that coul d di stinguish

mal f uncti oni ng vehicles fromproperly functioning vehicles, were not yet devel oped, only

| M40-targeted repairs were perforned.

These 1 M240 enission repair criteria were met at the contractor’s |laboratory for all
cars prior to the second and final FTP, with the highest after-repair |aboratory |IM40
conposite HC em ssion score of 0.56, GO of 10.82, and NOx of 1.93 (g/m). The effects of
those |1 M240-targeted repairs on FTP enmissions are illustrated in the follow ng table:
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Table 5.6.1.1

FTP Em ssions Prior to and Fol | owi ng
| M240- Targeted Repairs

Range of Em ssions

FTP Em ssions Mean M ni num | Maxi mum
HC As-Received 1.458 0. 16 13. 07
After Repair 0. 326 0.10 0.75
GO As-Received 19. 707 0.28 113. 40
After Repair 3.331 0.63 8. 82
NOx  As- Recei ved 1. 649 0. 20 7.56
After Repair 0.739 0.05 1.81

The resulting FTP em ssions after the | M240-targeted repairs were essentially independent of

the as-received FTP emissions. (That is, the R squares associated with before and after HC
CO and NOx were only 0.1% 1.2% and 1.0% respectively.)

The data fromthese repaired vehicles can give insight into the question of whether the
| M40 test and cutpoints cause repairs to be nade which al so reduce FTP em ssions. |n other
words, does the 1 M40 and the FTP correlate well on a single vehicle? This correlationis
to be expected based on the realistic nature of the 1 M40 driving cycle, and the good
correlation found in sanples of vehicles not repaired.

For each of those 52 vehicles (all 1983 and newer fuel-injected cars), the change in
each pollutant (HC, GO and NO x), follow ng contractor repairs, was cal cul ated for each of
those three test cycles. Regressing the reductions in the | ane em ssions agai nst the
reductions in FTP emi ssions produced Tables 5.6.1.2 and 5.6.1.3. The six graphs (Fi gures
5.6.1.1 through 5.6.1.3) that follow those regression tables illustrate the results of this
anal ysi s.
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Table 5.6.1.2

Regressi on of Changes in Lane-I1 M40 Em ssions Fol |l ow ng
Contractor Repairs Versus Correspondi ng Changes in FTP Em ssions

Dependent variable is: A(FTP HC)

RZ =81.9%

s = 0.8320 with 52 -2 =50 degrees of freedom

Source Sum of Squares df Mean Square F-ratio
Regression 156.693 1 157 226
Residual 34.611 50 0.69222

Variable Coefficient s.e. of Coeff t-ratio

Constant -0.365173 0.1524 -2.4

A(IM240 HC) 1.4106 0.0938 15

Dependent variable is: A(FTP CO)

R2 = 47.5%

s = 18.50 with 52 -2 =150 degrees of freedom

Source Sum of Squares df Mean Square F-ratio
Regression 15469.4 1 15469 45.2
Residual 17110.1 50 342.203

Variable Coefficient s.e. of Coeff t-ratio

Constant 4.64057 3.103 15

A(IM240 CO) 0.846373 0.1259 6.72

Dependent variable is: A (FTP NOXx)

R2 =64.5%

s = 0.8846 with 52 -2 =50 degrees of freedom

Source Sum of Squares df Mean Square F-ratio
Regression 71.1008 1 71.1 90.9
Residual 39.1265 50 0.78253

Variable Coefficient s.e. of Coeff t-ratio

Constant -0.275563 0.1747 -1.58

A (IM240 NOx) 0.738523 0.0775 9.53
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Table 5.6.1.3

Regr essi on of Changes in Lane- ASM Eni ssi ons Fol | owi ng
Contractor Repairs Versus Correspondi ng Changes in FTP Em ssions

Dependent variable is: A(FTP HC)

RZ =71.7%

s = 1.040 with 52 -2 =50 degrees of freedom

Source Sum of Squares df Mean Square F-ratio
Regression 137.187 1 137 127
Residual 54.1169 50 1.08234

Variable Coefficient s.e. of Coeff t-ratio

Constant 0.270944 0.1633 1.66

A(ASM HC) 2.18967 0.1945 11.3

Dependent variable is: A(FTP CO)

RZ =79.5%

s = 11.55 with 52 -2 =50 degrees of freedom

Source Sum of Squares df Mean Square F-ratio
Regression 25906.3 1 25906 194
Residual 6673.29 50 133.466

Variable Coefficient s.e. of Coeff t-ratio

Constant 5.71775 1.775 3.22

A(ASM CO) 1.08685 0.078 13.9

Dependent variable is: A (FTP NOXx)

RZ =70.8%

s = 0.8016 with 52 -2 =50 degrees of freedom

Source Sum of Squares df Mean Square F-ratio
Regression 78.0956 1 78.1 122
Residual 32.1317 50 0.642635

Variable Coefficient s.e. of Coeff t-ratio

Constant -0.013624 0.1392 -0.098

A (ASM NOx) 0.829714 0.0753 11
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Figure 5.6.1.1

Decreases in HC Em ssions Fol | owing Repairs
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Figure 5.6.1.2

Decreases in CO Em ssions Foll owi ng Repairs
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Figure 5.6.1.3

Decreases in NOx Emi ssions Followi ng Repairs
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Conparing the two graphs that exam ne the changes in HC emssions (Figure 5.6.1.1), it
is apparent that one vehicle (vehicle nunber 3190) exhibited a reduction in FTP HC em ssions
substantially greater than any of the other 51 vehicles (12.88 g/m HC reduction conpared to
only 3.86 for the next larger FTP HC reduction). Since it is possible that one such vehicle
could substantially affect the regression analysis, a second set of regressions were
performed on the renaining 51 cars (i.e., with vehicle nunber 3190 del eted) to deternine the
effect. The effects on the slopes of the regression lines are given in Tables 5.6.1.4 and
5.6.1.5.

Table 5.6.1.4
Ef fect on |1 M40 Regression Line
For HC Emi ssions
O Deleting Vehicle 3190

Based on All 521 Based on 51
Vehicles Vehicles
Constant -0.365173 0.018227
Coefficient 1.4106 0.93431
R2 81.9% 74.7%

Table 5.6.1.5
Ef fect on ASM Regression Line
For HC Em ssions
O Deleting Vehicle 3190

Based on All 521 Based on 51
Vehicles Vehicles
Constant 0.270944 0.452113
Coefficient 2.18967 1.35391
R2 71.7% 67.8%

From Tables 5.6.1.4 and 5.6.1.5, we see that deleting that potential HC outlier (vehicle
nunber 3190) has a simlar effect on each regression line. The slope of the I M40
regression line decreases 11.6 degrees, and the slope of the ASMregression |ine decreases
11.9 degrees. Since deleting the change in HC em ssions of vehicle 3190 fromthe sanpl e has
the same effect on both regression lines, it would be advisable to use the equations based
on 51 cars to estimate changes in FTP HC em ssi ons based on | M40 and/ or ASM HC changes, for
| M40 and/ or ASM HC changes between -1.0 and +4.0 g/ m.

Conparing the two graphs that exam ne the changes in CO emssions (Figure 5.6.1.2), it

appears, at first glance, that the conposite I M240 tends to over predict the repair benefit
to GO em ssions for some vehicles with relatively small FTP GO repair benefits. However,
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the actual situation is that several relatively cleaner vehicles (though still exceedi ng FTP
standards) had unusually high 1 M40 results on their first test. [1M40 COwas a |ot |ower
after repair, but the FTP enissions had conparatively little roomto inprove. The five
vehicles in Figure 5.6.1.2 that exhibit this problem (vehicles nunbered: 3157, 3175, 3211
3213, and 3214) all have as-received conposite FTP CO less than 15 g/m . For two of those
five, nmost of the high conposite | M40 em ssions resulted fromthe first node (i.e., the
first 93 seconds) of the IM240. For this reason, EPA has recomrended that vehicles which
fail the conposite HC or QO cutpoint be given a second chance to pass by exam ning the Mde-
2 emssions (see “Two-ways-to-pass” in Section 5.3). A simlar situation cannot happen for
the ASMs as anal yzed in this report because the weighting factors, in effect, cause the CO
scores on the first node (5015) to be ignored. One vehicle that deserves special note is
vehi cl e nunber 3211. That vehicle exhibited the |argest 1 M40 CO reduction (91.70 g/m),
but an FTP CO reduction of only 800 g/m. This high | ane-1M40 CO reduction resulted from
a highinitial (i.e., as-received) |lane test score of 93.07 g/m, but an initial FTP CO
score of 10.79. (However, the |lane score was confirmed by an indol ene-fuel ed | ab-1 M40
followi ng the FTP which had a COresult of 52.48 g/m.) The ASMtests on this vehicle did
not exhibit a large GO reduction follow ng repairs because both the initial ASMand the ASM
followi ng repairs exhibited very high CO em ssions (more than 5% during the 50 nph cruise
nmode. (Thus, the ASMdid not over estimate the CO repair benefit on vehicle 3211 because
the ASMover estinated both the initial FTP CO enissions, as well as, the FTP QGO eni ssions
following repair.) 1In spite of the few over predictions of em ssion benefits fromrepairs,
it should be noted (as illustrated in Table 5.6.1.1) that followi ng the | M40-targeted
repairs, no vehicle was left with high unrepaired FTP em ssions.

Most of the vehicles, which exhibited very little if any HC or GO i nprovenent follow ng
the I M240-targeted repairs, had been recruited for repairs because they exhibited, on the
| ane-1 M40 test, low HC and CO, but high NO x. Therefore, no significant inprovenment in

either FTP HC or GO was to be expected.

Conparing the two graphs that exam ne the changes in NO x emssions (Figure 5.6.1.3), it
i s apparent that one vehicle (vehicle nunber 3202) exhibited a reduction in FTP NO X
em ssions greater than any of the other 51 vehicles (6.31 g/m NO x reduction conpared to
4.98 for the next larger FTP NO x reduction). Since it is possible that one such vehicle
could substantially affect the regression analysis, a second set of regressions were
performed on the renaining 51 cars (i.e., with vehicle nunber 3202 deleted) to deternine the
effect. The effects on the slopes of the regression lines are given in Tables 5.6.1.6 and
5.6.1.7. FromTables 5.6.1.6 and 5.6.1.7, we see that deleting that potential NO x outlier
(vehicl e nunber 3202) has virtually no effect on either regression line. The slope of the
| M40 regression |ine decreases only 3.3 degrees, and the slope of the ASMregression |line
decreases less than half a degree.
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Table 5.6.1.6

Ef fect on |1 M40 Regression Line
For NO¢ Emi ssi ons

O Deleting Vehicle 3202

Based on All 521 Based on 51
Vehicles Vehicles
Constant -0.275563 -0.183932
Coefficient 0.738523 0.652265
R2 64.5% 57.4%

Table 5.6.1.7

Ef fect on ASM Regression Line
For NO¢ Em ssi ons

O Deleting Vehicle 3202

Based on All 521 Based on 51
Vehicles Vehicles
Constant -0.013624 -0.003336
Coefficient 0.829714 0.816328
R2 70.8% 60.1%

Si x vehicles (vehicle nunbers: 3172, 3200, 3212, 3239, 3240, and 3244) exhibited | arge
decreases in lane NO x emssions, but little if any change in FTP NO x em ssions. These siXx
had a nunber of factors in common:

- Al six had | ow as-received FTP HC (for five of the six HC 2 0.37, and HC = 0.59
for the sixth), CO (CO 2 3.47), and NOx (NOx 2 2.34).

- Al six had | ow as-received lane-1M240 HC (HC 2 0.29) and GO (CO 2 3.33), but high
[ ane-1 M240 NOx (NOx 3 1.14).

- Al six had | ow as-received ASM conposite HC (HC 2 0.24) and CO (CO 2 4.53).

-- Five of the six had as-received ASM conposite NO x 3 1.07.
-- Four of the six had as-received ASM conposite NO x 3 1.58.
-- Three of the six had as-received ASM conposite NO x 3 2.39.

- Al six had anbient tenperatures between 61° and 80° F.
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As previously noted, many vehicles exhibited little, if any, change in a particul ar
pol lutant (either HC, GO or NO x) because the initial (as-received) test results for that
pol lutant were relatively low (i.e., those vehicles had been recruited because one of the
other two pollutants exceeded its cutpoint). The effects of including those vehicles in the
anal ysis (which was done in the preceding analysis) is to increase the nunber of vehicles
clustered near the origin (Figures 5.6.1.1 through 5.6.1.3) and, in the regression analysis
(Tables 5.6.1.2 and 5.6.1.3), to increase the weighting applied to those points clustered
near the origin. Thus, by restricting the analysis to only those vehicles that exceeded the
as-received cutpoint for each pollutant , those two situations are elimnated. The three
resul ting data bases are:

1) the 32 (of the 52) vehicles that were recruited (and repaired) because their
initial |ane-1M40 exceeded the HC cutpoi nt of:

Conposite M40 HC > 0.80 and Md e-2 I M40 HC > 0.50.

2) the 16 vehicles that were recruited (and repaired) because their initial |ane-IM40
exceeded the CO cutpoint of:

Conposite I M40 CO > 15.00 and Mde-2 | M40 CO > 12. 00.

3) the 30 vehicles that were recruited (and repaired) because their initial |ane-IM40
exceeded the NOx cutpoint of:

Conposite 1 M40 NOx > 2.00.

As previously discussed, two vehicles (vehicles nunbered 3211 and 3190) coul d be del et ed
fromthe “HGC Repaired” and fromthe “CO Repaired” data bases due to questionabl e test
results. Additionally, vehicle nunber 3202 could be deleted fromthe “NOx-Repaired’” data
base for simlar reasons. Thus, in addition to performng regression anal yses on the entire
52 car data base, we can al so performregressions on the 32/16/30 (HC CO NO X) Subsets, as
well as, (after deleting the questionable vehicles) on the 30/14/29 car subsets. Wthin
these various data sets, we performed 16 |inear regressions, the results of which are

summari zed in Tables 5.6.1.8 through 5.6. 1. 10.
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Regr essi on

Table 5.6.1.8

Li nes of AHC for

Short Tests Versus FTP

------------ IM240 ------nnnnmm mmmmmmmemeees ASM momeeeee
Based on | Based on | Based on || Based on | Based on | Based on
All 52 32 32 Minus All 52 32 32 Minus
Vehicles | Exceeding Two Vehicles | Exceeding Two
Initial HC Initial HC
Constant -.365173 | -.932339 | 0.014741 | . 270944 0. 371352 0. 7929
Coefficient 1. 41060 1. 63036 | 0.958254 | 2.18967 2.14853 | 1.11862
R-Squared 81. 9% 82. 7% 63.3% 71.7% 67.2% 60.9%
Table 5.6.1.9
Regression Lines of ACO for Short Tests Versus FTP
------------ IM240 ------nnnnmm mmmmmmmmmeeee ASM mmmeeeee
Based on | Based on | Based on || Based on | Based on | Based on
All 52 16 16 Minus All 52 16 16 Minus
Vehicles | Exceeding Two Vehicles | Exceeding Two
Initial CO Initial CO
Constant 4. 64057 17. 5097 -0. 36712 5.71775 13.9744 | 13. 4061
Coefficient | 0.846373 | 0.611959 | 1.28527 | 1.08685 | ( 95755 | 0.962594
R-Squared 47. 5% 18. 7% 55.1% 79. 5% 73. 0% 74. 1%
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Regressi on Lines of ANOx for

Table 5.6.1.10

Short Tests Versus FTP

------------ IM240 ------------ smmmmmmmeee- ASM --meemeeeee-
Based on | Based on | Based on | Based on | Based on | Based on
All 52 30 30 Minus All 52 30 30 Minus
Vehicles | Exceeding One Vehicles | Exceeding One
Initial NOx Initial NOx
Constant -. 275563 | -. 778908 | -0.45849 | -0.013624 | 0.209571 | 0.273927
Coefficient 0. 738523 | 0. 886525 | 0. 733666 0.829714| 0.763686 | 0.711124
R-Squared 64. 5% 54. 2% 39. 9% 70. 8% 62. 3% 45. 7%

Exam ning the slopes and y-intercepts (i.e., the “coefficient” and “constants” in Tables
5.6.1.8 through 5.6.1.10) of the 18 regression lines, we nmake the foll ow ng observations:
- Limting the analysis to only those vehicles whose initial |ane-1M40 test exceeded
the cutpoint for the pollutant being exam ned:

-- had virtually no effect on the regression |ine predicting FTP HC changes
based on ASM HC changes, and only a relatively small effect on the line
predi cti ng FTP CO changes based on ASM CO changes;

-- had noderate effects on the two regression lines predicting FTP HC and CO
changes based on | M40 HC and CO changes; and

-- had only relatively small
changes based on ASMor | M40 NOX changes.
the 1 M40 case.

effects on the regression lines predicting FTP NOx
Again, the effect was |arger for

- Deleting the one or two questionable vehicles prior to performng the regression
anal ysi s:
-- produced only snall and in the
ASM CO case and

effects in the two NOx cases (I M40 and ASM

-- produced substantial effects in the two HC cases and in the |1 M40 CO case.
In summary, this analysis indicates that the change in ASM scores before and after
repairs correlates with changes in FTP em ssions, about as well as for the | MA40. However ,
because ASM cut poi nts were not recomrended by ASM proponents and EPA did not have cutpoints
to use as repair targets, the contractor repairs were perforned to attain I M40 scores that
complied with the standard | M40 cutpoints. So the contractor repairs offer little insight
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into the primary question of whether vehicles repaired to pass an ASMtest will be as
effective as vehicles repaired to pass the 1 M40 test. The next two sections will further
di scuss repair issues.

5.6.2 Comrercial repairs
5.6.2.1 I ntroduction

The purpose of this analysis was to conpare the effects of comrercial repairs, for
vehicles that failed the Arizona I/Mtest, on I M40 and ASM after-repair test results.
Experi ence has shown that comercial repairs geared to steady-state |I/Mtests have not net
expectations for in-use em ssion reductions. Because vehicles are operated only at steady-
state, repairs have been geared to reduci ng enissions at those operating conditions. As a
result, em ssions over the full range of operating conditions are often not effectively
reduced, even when vehicles are repaired to pass a steady-state |/Mtest. This is one
reason EPA has established a transient test for enhanced I1/M Since the | M40 requires
vehicles to performover a wide variety of real-world operating conditions, |IMA40-successfu
repairs nust be effective in reducing em ssions over a w de range of operating conditions.

By conparing the effects of commercial repairs on ASMand |1 M40 test results at sel ected
cutpoints, an evaluation of the conparative repair effectiveness can be nade. As discussed
above, EPA analyzed the results of repairs perforned to pass the Arizona I/Mtest to
det erm ne whet her such repairs would significantly reduce ASM em ssions w t hout
significantly reducing FTP em ssions. Since the ASMtest and the Arizona |I/Mtest are
sonewhat simlar in that they are steady-state tests, repairs for the Arizona I/Mtest may
provi de i nformati on on whet her ASM successful repair are as effective as | M240-effective
repairs. The data show that successful repairs for the Arizona |I/Mtest are nore likely to
be successful for the ASMtest than for the |M40.

5.6.2.2 Dat abase/ Anal ysi s

EPA's commercial repair programin Mesa consisted of offering incentives to owners of
1983 and newer vehicles that failed the Arizona I/Mtest, but were not needed or declined to
participate in laboratory testing, to return to EPA's I1M240 |l ane for after-repair ASM and
| M40 tests. To receive their incentive, they were told to return with a receipt for
comrercial repairs. No instructions were given to owners regardi ng where or how to get
their cars repaired, and owners were not conpensated for the actual repair itself.

As of April 1, 1993, before- and after-repair data were available for 23 of these
vehicles. One vehicle, #13239 (CR# 24) was renoved fromthe database due to unacceptabl e
speed deviations on its initial ASMtest, |eaving 22 vehicles available for analysis. For
this analysis, five other vehicles were excluded because they continued to fail the Arizona
test after repairs. The resulting database consisted of 17 successfully repaired, 1983 and
newer vehi cl es.
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Cutpoints were applied to the 1 M40 and ASM data to determ ne pass/fail status. The
pass/fail determnations were then conpared to evaluate the effects of comercial repairs.
Three different cutpoint sets were used to nmake the conparisons. Since the Arizona test
measures HZ CO only, the first conparisons involved only HC and GO criteria. Two additional
conpari sons were nade whi ch included NOx cutpoints. Al three are listed bel ow (Section 5.3
di scusses the rel evance of these cutpoints.):

* | M40 recomrended cutpoints for HZ GO with ASM cut poi nts that produce the hi ghest
IDRs at the sanme failure rate as the 1 M40 recomrended cut poi nts:

IM240 - 0.80/ 15.0 + 0.50 / 12.0
ASM- 1.00/ 8.0

 EPA recomrended | M240 cut points including NOx with ASM cut poi nts that produce the
sane 18%failure rate. These cutpoints are |listed bel ow

M40 - 0.80 / 15.0/ 2.0 + 0.50 / 12.0
ASM- 1.00/ 8.0/ 2.0

e ASMand I M40 cut points sel ected to achieve the highest | DRs possible while keeping
the probable Ec rate bel ow 5% These cutpoints are |listed bel ow

IM40 - 0.30/ 9.0/ 1.7 +0.19/ 7.0
ASM- 0.40/ 8.0/ 1.5

For each set of cutpoints, a conparison of the initial and final test results were nade.
To evaluate the effects of repairs on a specific I/Mtest a vehicle nust be identified by
the I/Mtest for repairs. Thus, while the initial test result conparison allowed the
identification ability of these two I/Mtests to be conpared, the final test result allows
an evaluation of the relative repair effectiveness of the [/Mtests. The data were
restricted to vehicles which were identified by all tests for the conparison of final test
results. Using these common vehicles allows the conparison of repair effects to be clearly
illustrated.

The results, which are discussed in the next section, indicate that the M40 is
superior at identifying vehicles requiring repair and that for vehicles which initially fail
both the I M40 and ASM steady-state repairs are nore likely to result in ASM passi ng scores
than in |1 M40 passing scores.

5.6.2.3 Resul t s/ Concl usi ons

Initially, all 17 vehicles used in this analysis failed their initial Arizona I/Mtest.
However, the 1 M40 and ASMidentified slightly different sets of vehicles as needing
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repairs. Vehicles of interest are those that pass the initial IM40 and fail the initial
ASM and those that fail the initial 1M40 and pass the initial ASM

As shown in Table 5.6.2-1, for the initial HJ CO only conparison, one car passed the
| M40 and failed the ASM and four cars passed the ASMand failed the 1 M40 (see Appendi x B
for data listings). These errors-of-omssion support the assertion nade in Section 5.3 that
the ASMis weaker than the I1M240 at identifying mal functioning vehicles with HC and/or CO
em ssi on probl ens.

Table 5.6.2-1
Initial Pass/Fail Status Conparison

HC/ CO only Common Fail ure Opti mal | DR/ Max
Cut poi nts Rat e Cutpoints Ec Cut points
| M240 ASM | M240 ASM | M240 ASM
PASS PASS 3 PASS PASS 2 PASS PASS 1
| M240 ASM | M240 ASM | M240 ASM
FAI L PASS 4 FAI L PASS 2 FAI L PASS 2
| M240 ASM | M240 ASM | M240 ASM
PASS FAIL 1 PASS FAIL O PASS FAIL O
| M240 ASM | M240 ASM | M240 ASM
FAI L FAIL 9 FAI L FAIL 13 FAI L FAIL 14

Vehi cl e 13504 (CR# 25) failed the ASM and Arizona test due to a QO probl emwhich appears
to occur only at idle operation. Because the M40 driving cycle includes little idle
operation, this vehicle was not identified by the M40 HZ GO only cutpoints. An air/fuel
m xt ure adj ust ment reduced em ssions sufficiently to pass the HZ CO cutpoints for the ASM
and Arizona tests. However, this vehicle did exhibit excessive NX enissions that were
identified by the addition of a NOx cutpoint. Incidentally, the fuel mxture adjustnent did
little to address or reduce this vehicle's NOx em ssions on either the | M40 or the ASM

In contrast to the 1 M40, which failed to identify only one vehicle, four vehicles
passed the ASM HZ QO only cutpoints and failed the | M40 and Arizona cutpoints. Three of
these vehicles are exanples of ASMerrors-of-onission and illustrate the superior
identification ability of the IM40. The fourth vehicle failed NOx and will be discussed
after the three that passed.

Vehi cl e 13471 (CR# 27) failed the Arizona and | M40 tests because of high CO em ssions,
but passed the ASMtest. Vehicle 13125 (CR# 12) failed HC on both the I M40 and Ari zona
tests and was not identified by the ASMcutpoints. Vehicle 13202 (CR# 15) failed the HC and
COidle nodes of the Arizona test. On the 1 M40, vehicle 13202 failed HC and NOx but passed
CO due to the two-ways-to-pass algorithm The ASMidentified this vehicle for NOx em ssions
only.
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The fourth vehicle that initially passed only the ASMtest was vehicle 12771 (CR# 8).
This vehicle exenplifies the weakness of steady-state |I/Mtests and is discussed in detail

in Section 5.6. 3.

passed the CO cutpoint on both the |1 M40 and the ASM However,
the IM240 and failed only NOx on the ASM After repair,

Vehicle 12771 failed OGO on the | oaded node of the Arizona test but

Arizona tests even when ASM cut poi nts were tightened.

reduce em ssions over the full

continuing to fail

effective in reduci ng em ssi ons over nornal
effectively reduce in-use enissions.

To illustrate the effects of comrerci al

results,

Table 5.6.2-1).

1 thru 5.6.2-3.

O F, NDNW MO O N OO ©

the car failed NOx and HC on

this car passed both the ASM and

These repairs did not sufficiently
operating range of the vehicle, denonstrated by the vehicle
both HC (1.01 g/m) and NOx (3.01 g/m) on the 1M40. This supports the
assertion made in the introduction that repairs to pass a steady-state test may not be
driving conditions and, therefore, do not

repairs on ASM and | M40 after-repair test
data were restricted to vehicles that failed both the initial ASMand | M40 (see

Figure 5.6.2-1

The results of these conparisons are graphically depicted in Figures 5.6. 2-

Comrerci al Repairs Passing ASM and | M240 Cut poi nts
HC/ CO only Conpari son
9
T 7
T 4
T 3
Fai | Pass Pass Pass ASM
I nitial Fi nal Fi nal But Fai l
Tests ASM | M240 | M240
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Figure 5.6.2-2
Comrerci al Repairs Passing ASM and | M240 Cut poi nts
Common Failure Rate Conpari son

14 ¢ 13
12 t
10 + 8
8 +
6 + 5
4 4 3
2 4
0 } } } |
Fai | Pass Pass Pass ASM
Initial Fi nal Fi nal But Fail
Tests ASM | M240 | M240
Figure 5.6.2-3
Comrerci al Repairs Passing ASM and | M240 Cut poi nts
H gh Ec Conpari son
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14 1
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8 + 7
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Initial Fi nal Fi nal But Fail
Tests ASM | M240 | M240

These graphs show that vehicles can and will be repaired to pass the ASMtest but will
continue to fail the I M40.

For the first conparison using only HC and CO cut points, three vehicles passed the ASM
but continued to fail the 1 M240. The second conpari son added the NOx cutpoint which in
conbi nation with the HZ CO cut poi nts produced the sane failure rates for the 1 M40 and ASM
Agai n, three vehicles passed the ASMbut continued to fail the IM240. For the conparison
usi ng the nost stringent cutpoints for the I M240 and ASM five vehicles passed the ASM but
continued to fail the 1M40. For all of these conparisons, there were no vehicles that
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failed the ASM and passed the |1 M40 after commercial repairs. This indicates that repairs
whi ch are sufficient to pass the ASMtest are not necessarily sufficient to pass the | M40,
indicating that the repair effectiveness of the M40 is superior to that of the ASM

Based on these results, repairs to pass the steady-state Arizona I/Mtest are
significantly nore effective at reduci ng ASM eni ssion scores than | M40 em ssi on scor es.
Al t hough the sanpl e of successful commercial repairs is small, these results indicate that
the ASMtest, if inplemented, will result in significantly |ower identification rates and
em ssi on reducti on benefits than those of the 1M240. A nore detailed investigation of ASM
em ssion reduction benefits is discussed in Section 5.6. 3.

5.6.3 I n-Use Eni ssion Reductions from Real World Repairs

(ne of the concerns with any test is the ability of an observed reduction on the test to
reflect real and permanent in-use reductions. Two particular concerns are (1) can
unscrupul ous mechanics find repair strategies that would allow a vehicle to tenporarily pass
the I/Mtest without resulting in permanent in-use reductions (i.e., tenporary repairs would
be undone after passing the test), and (2) is the test sufficiently inprecise such that
honest, but insufficient, repairs would not be detected by the I/Mretest.

Test Defeating Strategies

It is common know edge that the current idle test can be, and is being, defeated by a
variety of nethods. Mst can be used only in the privacy of a test-and-repair station.
Sorre of the common ones that can be used in a test-only station include creating a vacuum
leak to lean out the air-fuel ratio for GO failures, and raising the idl e speed to create a
simlar effect. A logical questionis, what is the |ikelihood that test defeating
strategi es can be devel oped by unscrupul ous mechanics for the ASMor for the M40 I/M
tests.

On the surface, the ASMtest appears easier to beat than the | M40 because of its
steady-state nature and nunber of limted operating nodes. In theory at |east, the mechanic
could enploy a simlar method to the idle test for ASM CO failures. The process woul d
i nclude creating a vacuum | eak and di sabling the feedback control system Since it is
assuned that nost shops woul d have a dynanometer in an ASM I/ M scenario, the mechani c woul d
sinply need to operate the vehicle on the dynanoneter and adjust the |leak until the car was
under the cutpoints. Mst likely the driveability of the car would be quite poor; however,
it would only need sufficient driveability to drive to the test center and return, where the
test beating repairs could be undone.

If the vehicle could drive to the test center, then it could certainly drive the steady-
state test, since driveability is not required on the ASM and em ssions are not recorded
during the transitions between ASMtest nodes. Conversely, the em ssions are measured
during driving transitions on the 1 M40, and the |lack of driveability would require nore
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throttle nmovenent with a likely substantial increase in GO emssions. |If msfire occurred
during driving transitions because of the I ean condition, the HC, and possibly N, would
i ncrease on the 1 M40, but would not on the ASM (because em ssions are not neasured during
driving transitions).

Anot her potential test defeating strategy that could occur on the ASMfor NOx failures
deals with ignition timng. Retarding ignition timng has | ong been an approach to reduci ng
NOX. Retarding the ignition timng excessively, however, reduces driveability. Once again,
however, driveability is not required on the ASM A severe loss in driveability on the
| M40 woul d be expected to increase COsignificantly, but would be expected to have little
effect on the ASM QO | evel s.

Sore nmay point out that many new cars do not have adjustable distributors, and others do
not have distributors at all. Therefore, it would not be possible to retard the timng, so
such a test defeating strategy would not exist on these cars. Wat nany may not know is
that all cars with non-adjustable distributors and those w thout distributors have a base
timng nmode that can be activated. Activation of base timing will severely retard the
timng in nost cases, and could be used to | ower NOx em ssions.

Since these are only a few of the less creative nethods that nmght be attenpted to
defeat an ASMor IM40 test, it would be useful to verify if the theoretical potential
really could occur. Qurrently there is no data on purposefully test defeating repairs.
However, data fromvehicles tested in Arizona and sent for commercial repair may shed sone
light on the potential for test defeating or inproper repairs to be identified by either the
ASM or the | M240.

In our comercial repair data base, twenty-two vehicles failed the Arizona |/ Mtest
whi ch includes a steady-state | oaded nmode and an idle node. Al of these vehicles received
a 4-node ASMtest and an I M40 test. The vehicle owners took the vehicles for commrercial
repair, and volunteered for repeat ASM and | M240 tests when they returned for their Arizona
retest.

Five of the 22 vehicles were excluded fromthis anal ysis because their four-node ASM
em ssions did not exceed the cutpoints of 1.0/8.0/2.0 (HZOGJONX). The resulting 17
vehi cl es represent the portion of the 22 car sanple that would have failed a four-node ASM
test if that had been the official test. Note that this group of 17 vehicles represents a
different portion of the sanple of 22 commercially repaired vehicles than the 17 vehicl es
used for analysis in Section 5.6.2. The analysis in Section 5.6.2 excluded five vehicles
that ultimately did not pass the Arizona |I/Mtest after repairs. The analysis in this
section excluded five vehicles that passed the initial ASMtest, but included those vehicles
that did not ultimately pass the Arizona |I/Mtest after repairs.

The repairs conducted on the 17 vehicles are listed in Table 5.6.3-1. Fromthese

repairs and the resulting ASM and | M240 scores, the possibility of test defeating strategies
can be evaluated. Note that the nmultiple repairs represent retest failures on the Arizona
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I/Mtest. A so, four of the 17 vehicles that initially failed the ASMtest did not
ultimately pass the Arizona I/Mtest.

The before and after repair em ssion results are graphically represented in Fi gures
5.6.3-1 though 5.6.3-3. Fromthe repair data reported by the comrercial garages (in Table
5.6.3-1), it is clear that many vehicles had the air-fuel ratio adjusted or received repairs
that would likely affect air-fuel ratio. Many of the vehicles were feedback carbureted;
however, this should nake no difference for the purposes of evaluating the effect of air-
fuel ratio on the test type. Only vehicles CR 07 and CR- 16 had reported comrercial repairs
that would not likely affect air-fuel ratio (it was assunmed that the "tune-up" repairs in
Tabl e.5.6.3-1, in sone cases, could have invol ved adjustnent of air-fuel ratio).

On these other vehicles, the degree of the effect on air-fuel ratio is unknown. But,
fromthe CO enission results in Figure 5.6.3-2, it is clear that in general, a repair that
resulted in reduced COon the 1 M40 al so reduced CO on the ASM However, there are sone
exceptions. These are vehicles CR-10, and CR-25. Vehicle CR 10 failed the before and after
| M40, failed the before-ASM but passed the after-ASM Wereas vehicle CR 25 passed the
before and after 1 M40, failed the before-ASM and passed the after-ASM

Since COis primarily a function of air-fuel ratio, the observation fromthese two
vehicles is that the air-fuel ratio during the steady-state test can be different than the
average over the transient test. To sone extent, this observation al so appears to be
evident in the QO results for vehicles CR 03, CR 06, and CR 22 (see Figure 5.6.3-2). 1In the
case of vehicle CR 10, the air-fuel ratio during steady-state operation is sufficiently |ean
after repairs to allow the vehicle to pass the ASM but rich enough overall during transient
driving to cause an 1 M40 failure. The opposite is apparently true for vehicle CR 25, where
the before repair air-fuel ratio during steady-state is apparently sufficiently rich to
cause an ASMfailure, but |ean enough during average driving to allow the vehicle to pass
t he | M240.

Certainly, the QO level can also be affected by the catalyst. But the catalyst was the
sane in all of these tests, so the catal yst effect should wash out. Al so, catal yst
efficiency can be somewhat gauged by HC level s as seen in Figure 5.6.3-1. The after repair
HC level s on vehicle CR 10 clearly pass the ASM cutpoint. The after repair |1 M40 HC status
parallels the COstatus. |In other words, based on the I1M240 this vehicle was still broken,
but was passed on the ASM The HC |l evel s on vehicle CR 25 were |low for all 1 M40 and ASM
tests. Based on I M40 results, this vehicle should not have been failed for HC or CO
However, vehicle CR 25 did have serious problens as evidenced by the NOx enmissions in Figure
5.6.3-3.

The em ssion results on these two vehicles, reinforce the follow ng point. Air-fuel
ratio can affect the COlevels on both tests. |In particular, the air-fuel ratio during a
st eady-state node can be different than the overall ratio during transient operation.
Therefore, it is likely that with willful intent, a mechanic could purposefully create a
vacuum | eak, and adjust it so that a car could pass the ASM but not the I M40. Wereas the
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amount of | eanness in vehicle CR 10 was not sufficient to pass COon the I M40, it was
sufficient to pass the ASM Furthernore, the anount of |eanness was not sufficient to cause
vehicle CR 10 to fail either the M40 or the ASM NOx cutpoints. Therefore, the results on
vehicl e CR 10 support the theoretical possibility that unscrupul ous nmechanics could, with
proper adjustment of vacuum | eaks, be able to adjust vehicles to tenporarily pass the ASM CO
wi t hout increasing the NOx em ssions sufficiently to cause an ASM N failure. As indicated
previously, the likelihood of such inproper and tenporary repairs woul d be exacerbated in a
programwhere the ASMwas the official test, because unscrupul ous repair centers could
conveniently mal adj ust a vehicle on a dynanmoneter to pass the steady-state nmodes of the ASM
test.
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VEH.NO

CR-01

CR-02

CR-03

CR-04

CR-05

CR-06

CR-07

CR-08

CR-09

CR-10

CR-13
CR-15
CR-16

CR-21

CR-22

CR-25

CR-26

Table5.6.3-1
Vehicle Repairs

1st Repair 2nd Repair
Adjusted air/fuel mixture on Rpred electrical shortin
carburetor. harness from ECU to mix
control.

Adjusted air/fuel mixture on
carburetor.

Adjusted air/fuel mixture on
carburetor. Replaced heat valve.

Repaired vacuum leak and adjust
ignition timing.

Replaced O2 Sensor and performed

TuneUp.

Rpl O2 ,plugs, cap and rotor, Adjusted Idle, air/fuel

cleaned fuel injector mixture, cleaned fuel
injectors.

Rpl fan belt, plugs, fuel flt. Adj A oneyear waiver was

timing. Changed oil. granted for this vehicle.

Tune - up, replaced fuel filter,
replaced air filter.

Adjusted emissions. Scoped and
adjusted air/fuel mixture.

Adjusted air/fuel mixture and idle Adjusted air/fuel mixture
speed. and idle speed.

Adjusted air/fuel mixture, idle speed.
Replaced Oxygen sensor.

Set Ignition timing to manufacturer's
specifications.

Tune-up,Rpl plugs, wires, Performed Tune-up.
distributor cap and rotor.

Checked proper operation of choke  Scoped engine and
and repaired. adjusted carburetor.

Adjusted air/fuel mixture and idle
speed.

Performed basic tune up.
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3rd Repair

Overhauled
Carburetor.
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Figure5.6.3-1
Commercial Repair Effects

Change in HC Emissions on Cars
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Figure5.6.3-3
Commercial Repair Effects

Change in NOx Emissions on Cars
Failing ASM HC, CO, or NOx
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I nsufficient Repairs

Anot her concern with an I/Mtest is the ability for the test to cause proper and
sufficient repairs to be performed if the vehicle fails the I/Mtest. For this analysis,
proper and sufficient repairs are considered to be repairs sufficient to pass the | M40
cutpoints. The conmercial repair data used in the preceding section on test defeating
strategi es can al so provide some insight into this issue.

O interest is the conparison of test nodes between the 4-node ASM and the Arizona I/ M
test. Both have an idle node, and both have a steady-state | oaded node. The Arizona | oaded
node is simlar to the ASM 2525 node.

Using the general simlarity of the test (i.e., idl e and | oaded nodes), the general
sufficiency of ASMrepairs can be approxi mated by observing the results fromvehicles used
in the previous section that failed the initial ASMtest and the initial Arizona I/Mtest.
A case history on vehicle nunber CR- 08, which initially failed the I M40 HC and N
cutpoints (as well as the Arizona CO cutpoint and the ASM NOx cutpoint), illustrates the
concern about the ability of the ASMtest to cause proper and sufficient repairs to occur
i n-use.

After vehicle nunber CR 08 had failed the Arizona I/Mtest for CO on January 4, and had
received initial tests on the M40 and ASM it was enlisted in the comrercial repair
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program Two weeks after the commercial repairs (January 14), the vehicle returned for its
after-repair 1 M40, ASM and Arizona I/Mretest (and for the owner to obtain the recruitment
incentive paynment). At that tine, it was discovered that two days after the initial I/M
test (which was conducted on January 4 ), and following repairs (listed in Table 5.6.3-1),
the repair center had taken the vehicle to another Arizona test lane for an I/Mretest. At
this other I/Mlane, on January 6 the vehicle easily passed the Arizona cutpoints of 1.2% CO
and 220 ppm HC. However, when retested on January 14 at the M40 test lane, this vehicle
failed the Arizona HC cutpoint by a wide margin (see Table 5.6.3-2). The owner was
denonstrably upset (even though a valid Arizona passing certificate had been issued), and
left the test center abruptly. However, the owner returned again in another two weeks
(January 26). At this time, the vehicle passed all of the Arizona cutpoints. The owner did
not divulge any information on corrections or repairs that may have occurred between January
14 and January 26.

Table5.6.3-2
Test Data - Vehicle No. CR-08
|----- State Test ----- |
Loaded Idle |---- IM240 ----| |---- ASM ----I
HC CO HC CO HC CO NOx HC CO NOx
Date Operation Lane# ppm % ppm % ag/mi g/mi g/mi ag/mi g/mi g/mi

1/04/93 LanelM240 2771 86 155 87 038 151122 28 046 57 219

[&]

1/06/93 State Test - 40 084 116 078 - - e e
1/14/93 LanelM240 2977 38 063 835 007 138 41 25

©

. 033 35 163
1/26/93 LanelM240 3168 75 038 41 006 101 44 .0

=

016 34 151

Several inportant aspects should be noted. First, while this vehicle failed the Arizona
CO cutpoints, it passed COon all ASMand I M40 tests. A so, while this vehicle passed HC
inall of ASMtests, it failed HC on all of the I M40 tests. Further, after the first
repair, this vehicle passed the ASM NOx cutpoints for all subsequent ASMtests, even though
it failed the 1 M40 NOx cutpoints for all of the subsequent I M40 tests (as well as the
initial IM240). The IM240 NOx actually increased slightly fromthe first test to the |ast.

The nost pessim stic scenario on this vehicle is that once the vehicle failed the
Arizona test for GO the mechanic nal adjusted the vehicle, took it to an I/Mlane, where it
passed, and then undid the mal adjustnments. These undid mal adj ust nents were t hen observed on
the January 14 Arizona retest. A nore benign conclusion is that the nechanic perforned
i nconplete repairs, but the repairs were ultimately sufficient to pass the Arizona test.
Al'so, the repairs were sufficient to pass the ASM NOx cutpoints (HC and CO were al ways bel ow
the ASM cutpoints), while they were not sufficient to pass the 1 M40 NOx cutpoi nt, nor were
they sufficient to pass the 1 M40 HC cutpoint. In fact, the ASMwoul d not even have
identified this vehicle as a high HC emtter.

Cearly, on this particular vehicle, commercial repairs were not sufficient to pass the
| M40, but were sufficient to pass the ASMtest.
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Reviewing the data for all 17 vehicles that failed the initial ASMtest, all of these
vehi cl es, except CR- 07, CR 21, and CR 22 eventual ly passed the Arizona HC I/Mretest. Al so,
all vehicles, except these three vehicles and CR- 06 eventual |y passed the Arizona COI/M
retest.

However, vehicles CR-03, CR 04, CR 06, CR 08, CR 09, CR 10, CR 15, and CR- 16 which
initially failed the 1 M40, continued to fail HC on the 1 M40 after all commercial repairs
(see Figure 5.6.3-1). Further, after all comrercial repairs, these sanme vehicles passed the
ASM HC cutpoint (note CR 8, CR 9, and CR- 15 passed the initial ASMtest, see Figure 5.6.3-
1). Gventhe simlarities of the ASMand the Arizona test, these data suggest that the
level of HCrepair on the ASMwould be sinmlar to the current Arizona I/Mtest. This
assunption on test simlarity and stringency of repair effectiveness is further supported by
the fact that the three vehicles that failed to pass the Arizona test after repairs (CR 7,
CR-21, and CR-22) were also the only vehicles that failed the after-repair ASMtest (see
Tabl e Figure 5.6.3-1).

Anot her method of |ooking at the ability of the ASMto enforce proper and sufficient
repairs is to look at the test status of the ASMresults before and after repairs rel ative
to the before and after I M40 status. The test status for the 17 vehicles initially failing
the ASMfor at least one pollutant is listed in a truth-table format in Table 5.6.3-3 by
pol lutant (i.e., HC GO and NXX). The roughly square boxes in a diagonal row represent
test results where the | M240 and ASM status before and after repair were identical.

Devi ati ons fromthe diagonal row, obviously represent results where the status differs
bet ween the 1 M40 and ASM  The fuzzy horizontal rectangul ar box in Table 5.6.3-3 highlights
t hose vehicl es which passed the ASMtest after repair, but were still failing the 1 M40 for

HC, GO or NX.

Fromthe Table, a total of 11 vehicles continued to fail the 1 M40 HC cutpoint after
repair. O these 11 vehicles, 8 vehicles (or 73% passed the ASMafter repair (three of the
eight also passed the initial ASMtest). Al eight vehicles also passed the Arizona HC
cutpoint after repair. As previously nentioned, in the 11 vehicle sanple that continued to
fail the 1 M40 HC cutpoint, 100% of the vehicles that failed the Arizona HC cutpoint (CR 07,
CR-21, and CR-22), also failed the ASMHC cutpoint. Thus, every vehicle that continued to
fail the Arizona HC cutpoint also continued to fail the ASMHC cutpoint. 1In other words, in
this sample of comrercial repairs, the ASMdid not fail anynore retest vehicles than the
Arizona |/ Mtest.

CO test status represents sonewhat of a m xed bag. Seven vehicles continued to fail the
I M40 for QO after repair. Only one vehicle in this group of seven (or 14% passed the ASM
for GO after repair. This vehicle also passed the Arizona retest. In this seven vehicle
sanpl e that continued to fail the M40 CO cutpoint, six vehicles continued to fail the ASM
and four vehicles (CR 06, CR 07, CR 21, and CR-22) failed the Arizona retest. |In this case,
the ASMfound 2 nore vehicles than the Arizona I/Mretest after commercial repairs.
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However, it should be noted, that four other vehicles had anonal ous CO results. Two
vehicles, CR 15 and CR 16 failed the initial IM40 for GO passed the initial ASM and
subsequent |y passed both the 1 M40 and ASMfor GO Two other vehicles (CR 09 and CR- 25),
passed the initial IM40, failed the ASMfor CO and al so subsequently passed both the | M40
and ASMretests. |If the ASMwas as good as the M40 in identifying vehicles that should
fail a retest (at the sane overall failure rate), one mght expect a random scatter on each
side of the diagonal boxes, particularly for vehicles just marginally failing or passing
(which all of these were, except CR25). Even so, all of these vehicles al so passed the
Arizona COretest. So they do not represent any additional retest failures follow ng
comrercial repairs that the ASMwoul d have found over the standard Arizona test. Al so note,
that these four vehicles initially failed and continued to fail the M40 for HC or NX, and
that the comercial repairs reduced the 1 M40 GO levels in all cases.

Atotal of 5 vehicles in this sanple of 17 continued to fail 1 M40 NXx after commerci al
repairs. Two of the five (or 40% passed the ASMafter repairs. The Arizona |I/Mtest does
not test for NOX, therefore, it is nmore difficult to judge the effectiveness of the ASM
(using the Arizona test as a surrogate) to force proper and sufficient comercial repairs.

This anal ysis began with a concern about the ability of the ASMtest to foster proper
and sufficient commercial repairs following an I/Mfailure. Because of the general
simlarity of the Arizona I/Mtest to the ASM it was expected that repairs targeted by the
comrercial repair industry towards the Arizona test would be simlar to those that would be
targeted towards the ASM at least for HC and GO Thus, if the ASMwere nore effective in
forcing better repairs than the Arizona test, the ASMretest should fail nmore cars for a
given pollutant than the Arizona retest. Further, if the ASMwere very effective in forcing
proper repairs, it would fail as many cars, for a given pollutant, as an | M240 retest.

The anal ysis shows that for this snall sanple, the ASMfails no nore cars for HC after
comrercial repairs than the Arizona retest, and fails only twenty-seven percent of those
that failed HC on the M40 after repair. These results inply that the ASMtest woul d not
force the repair industry to make any nore repairs for high HC em ssions than the current
Arizona test, and obviously, not as many HC repairs as the 1 M240. Therefore, the data from
this sanpl e suggest that the repair effectiveness credits for HC in the MBI LE nodel for
comrercial repairs on the ASM should be no greater than that currently given for existing
basic I/ M prograns.

The analysis for COretest failures, indicates that the ASM found two nore vehicles than
the Arizona test. The Arizona I/Mretest found about 57 percent of the |1 M40 retest
failures, and the ASMfound about 86 percent of the retest failures. Thus in this small
sanple, it appears that an ASMretest woul d have forced the repair industry to make
additional COrepairs over and above those that woul d have been required to pass the Arizona
cutpoi nts, but again, not as many as the |1 M40 cutpoints would require. These results
suggest that the repair effectiveness credits for COin the MBI LE nodel for commerci al
repairs on the ASM shoul d probably be given additional credit over that currently given for
existing I/Mprograns. The additional credit would be approxinately equal to 60 percent of
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the difference between that currently given for existing I/Mprograns and that given to |/ M
prograns enpl oying the 1 M40. However, given the potential ease that unscrupul ous mechanics
could defeat the CO portion of the ASMretest, assigning additional CO repair effectiveness
credits in the nodel for ASM over those currently given for existing I/ M prograns woul d be
difficult to rationalize at this tine.

The anal ysis for NOx retest failures is somewhat hanpered by the fact that the Arizona
test only fails vehicles for HC and GO Even though the repair industry was not repairing
vehicles to an NOx standard, the I M40 and ASMretests after comercial repairs can be used
to determ ne whether either retest would have forced the repair industry to nmake additi onal
repairs. dearly, both tests would have required sone vehicles to get additional repairs
for high NOx em ssions. However, the results fromthis sanple indicate that an ASMr et est
woul d only require 60 percent of the vehicles that failed the 1 M40 retest to get additional
NOX repairs. Therefore, this result woul d suggest that the repair effectiveness credits for
NX in the MBI LE nodel for commercial repairs on the ASM shoul d be about only sixty percent
of that given for the |IM40.
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Table5.6.3-3

Effect of Commercial Repairs on Test Status

IM240 I ASM Status |
Status
(Status Before Repair - Status After Repair)
Fail-Fail Pass-Fail Fail-Pass Pass-Pass
Fail-Fail
HC CR-07, CR-21, CR-03, CR-04, CR-08, CR-09,
CR-22 CR-06, CR-10, CR-15
CR-16
CcO CR-03, CR-06, CR-10
CR-04, CR-07,
CR-21, CR-22
NOx CR-9, CR-15, CR-08, CR-16
CR-25
Pass-Fail
HC --- --- --- ---
CcO --- --- --- ---
NOx --- --- --- ---
Fail-Pass
HC CR-05, CR-13 CR-01, CR-26
CcO CR-01, CR-05, CR-15, CR-16
CR-13, CR-26
NOX CR-02
Pass-Pass
HC CR-02, CR-25
CcO CR-09, CR-25 CR-02, CR-8
NOx CR-01, CR-03,
CR-04, CR-05,
CR-06, CR-07,
CR-10, CR-13,
CR-21, CR-22,
CR-26
5.6.4 One- Mbde Repairs on ASM

The objective of this analysis was to investigate the theoretical effects of targeting
the ASMrepairs to a single node. That is, if it were possible for a nechanic to reduce the
em ssions sufficiently on a single node while | eaving the renaining three nodes unaffected:
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e Could an ASMfailing vehicle, with such a repair, be made to pass the ASM conposite
cut poi nt ?

e Wiat are the enission characteristics of such passing vehicl es?

Exam ning the 106 | aboratory test vehicles, we can determ ne whether the as-recei ved NX
em ssions met or exceeded an FTP NOx standard of 2.0 g/m. A so, we can determne FTP HZ CO
em ssion range. That is:

e Pass
FTP HC 2 0.41 and CO 2 3.40 (g/m)

e Marginal (Failing) Emtters

FTP HC > 0.41 or CO> 3.40 (g/m)
and
FTP HC 2 0.82 and CO2 10.20 (g/m)

e Hgh Emtters
FTP HC > 0.82 or GO > 10.20 (g/m)

and
FTP HC 2 1.64 and CO2 13.60 (g/m)

* Very Hgh Emtters

FTP HC > 1.64 or 0O > 13.60 (g/m)
and
FTP HC 2 10.00 and CO2 150.00 (g/m)

e Super Emtters
FTP HC > 10. 00 or GO > 150.00 (g/m)

O assifying the | aboratory vehicles in this way produces ten strata; however, two of
those strata are enpty, and one stratumhas only a single test vehicle. Using the weighting
factors (Table 5.2.5.2), we can nodel the |ane vehicles and characterize the em ssions of
that simulated | ane sanple of 2,071 1983 and new fuel -injected passenger cars. (Actually,
the | ane sanple was 2,070 cars, the additional vehicle resulted fromrounding off the
estimated nunber of vehicles in those eight strata.) The distributionis given in the
foll owi ng table.
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Fl eet Distribution
Laboratory Sample Simulated Lane Fleet
FTP HC/CO Emissions FTP HC/CO Emissions
Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
NOx 22.0 27 36 10 18 1 808 934 96 143 6
NOx > 2.0 0 4 3 7 0 0 24 18 42 0

An ASM cut point of 1.00/8.0/2.0 (i.e.,

conposite ASMHC 2 1.00

conposite ASM CO 2 8.0,

and conposite ASMNXx 2 2.0) will

fail

distribution of those 372 vehicles is given in the follow ng table.

Fl eet

Distribution Failing 1.00/8.0/2.0

372 vehicles in that simul ated | ane fl eet.

Laboratory Sample
FTP HC/CO Emissions

Simulated Lane Fleet
FTP HC/CO Emissions

Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
NOx 22.0 3 6 5 12 1 54 144 30 72 6
NOx > 2.0 0 3 2 6 0 0 18 12 36 0

If mechanics were able to repair those 372 vehicles so that the enissions on the 2525

node,

the 50 nmph node, and the idle node renmai ned unchanged, but the em ssions (HC, CO and
NX) on the 5015 node were reduced by 80 or 90 percent (the node

yields the sane result for
each),

then only 42 of those 372 would be able to pass the 1.00/8.0/2.0 cutpoint. Thus,
repair strategy that targeted only the 5015 node would result in “successfully” repairing
only about 11 percent of the originally failing vehicles. The distribution of those 42

a

passing vehicles is given in the follow ng table.

NOx 22.0
NOx > 2.0

Fl eet

Distribution Failing 1.00/8.0/2.0

Passing after

Reduci ng 5015 Mbde by 80 or

90%

Laboratory Sample
FTP HC/CO Emissions

Simulated Lane Fleet
FTP HC/CO Emissions

Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
0 1 0 0 0 0 42 0 0 0
0 0 0 0 0 0 0 0 0 0

Rat her than attenpting to reduce the em ssions on the 5015 node by a flat percentage,
the nechanic could target the typical em ssions on the 5015 node of vehicl es whose ASM
conposite em ssions pass the 1.00/8.0/2.0 cutpoint. Such a repair strategy woul d not change
a single failing vehicle into a passing vehicle in our nodel

If mechanics were able to repair those 372 vehicles so that the enmssions (HC, OGO and
NX) on the 2525 node were reduced by 80 percent (while the em ssions on the other three
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nodes renai ned unchanged),

cut poi nt .

foll owi ng table.

then only 30 of those 372 would be able to pass the 1.00/8.0/2.0
The distribution of those 30 “successfully” repaired vehicles is given in the

Fl eet

Distribution Failing 1.00/8.0/2.0

Passing after

Reduci ng 2525 Mbde by 80%

Laboratory Sample
FTP HC/CO Emissions

Simulated Lane Fleet
FTP HC/CO Emissions

Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
NOx 22.0 2 1 0 1 0 12 6 0 6 0
NOx > 2.0 0 1 0 0 0 0 6 0 0 0

Reduci ng the 2525 node em ssions by 90 percent woul d add 48 vehicles (42 margi na
emtters with NOx 2 2.0 and 6 very high H/CO emtters with NX > 2.0) to the 30 whose
estimated ASM conposite score woul d pass the cutpoint. Thus, a repair strategy that
targeted only the 2525 node woul d be successful on only 21 percent of the originally failing
vehi cl es.

HC GO

Rat her than attenpting to reduce the em ssions on the 2525 node by a flat percentage,
the nechanic could target the typical em ssions on the 2525 node of vehicl es whose ASM
conposite em ssions pass the 1.00/8.0/2.0 cutpoint. Such a repair strategy woul d not change
a single failing vehicle into a passing vehicle in our nodel

If mechanics were able to repair those 372 vehicles so that the enmssions (HC, GO and
NX) on the 50 nph crui se node were reduced by 80 percent (while the em ssions on the ot her
t hree nodes renai ned unchanged), then 264 of those 372 would be able to pass the
1.00/8.0/2.0 cutpoint. The distribution of those 264 passing vehicles is given in the
foll owi ng table.

Fl eet Distribution Failing 1.00/8.0/2.0
Passing after Reducing 50 nph Cruise Mdde by 80%

Laboratory Sample
FTP HC/CO Emissions

Simulated Lane Fleet
FTP HC/CO Emissions

Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High | V. High |Super
NOx 22.0 3 5 3 3 0 54 138 18 18 0
NOx > 2.0 0 2 2 2 0 0 12 12 12 0

Reduci ng the 50 nph crui se em ssions by 90 percent would add 6 vehicles (al
HO CO enmitters and NOx > 2.0) to the 264 whose estimated ASM conposite score woul d pass the
a repair strategy that targeted only the 50 nph cruise node would result in

cut poi nt .

Thus,

with very high

“successful ly” repairing about 73 percent of the originally failing vehicles.

86




Rat her than attenpting to reduce the em ssions on the 50 nph cruise node by a flat
percentage, the mechanic could target the typical em ssions on the 50 nph crui se node of
vehi cl es whose ASM conposite em ssions pass the 1.00/8.0/2.0 cutpoint. Such a repair
strategy would result in “successfully” repairing 162 (44% of the originally failing

vehicles. The distribution of those 162 passing vehicles is given in the follow ng table.
Fl eet Distribution Failing 1.00/8.0/2.0
Passing after Reducing 50 nph Crui se Mode to Nom nal Score
Laboratory Sample Simulated Lane Fleet
FTP HC/CO Emissions FTP HC/CO Emissions
Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
NOx 22.0 1 2 4 2 0 42 84 24 12 0
NOx > 2.0 0 0 0 0 0 0 0 0 0 0

If mechanics were able to repair those 372 vehicles so that the enm ssions (only HC and
CO on the idl e node were reduced by 80 or 90 percent (the node
each) while the em ssions on the other three nmodes remai ned unchanged,

372 woul d be able to pass the 1.00/8.0/2.0 cutpoint.

originally failing vehicles.

foll owi ng table.

Fl eet

Thus,

Di stribution Failing 1.00/8.0/2.0

Passing after

Reduci ng 1dl e Mbde by 80 or

90%

yields the sane result for

then only 96 of those
a repair strategy that targeted

only the idle nmode would result in “successfully” repairing only about one-fourth of the

The distribution of those 96 passing vehicles is given in the

Laboratory Sample
FTP HC/CO Emissions

Simulated Lane Fleet
FTP HC/CO Emissions

Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
NOx 22.0 0 2 1 1 0 0 84 6 6 0
NOx > 2.0 0 0 0 0 0 0 0 0 0 0

Rat her than attenpting to reduce the em ssions on the idle node by a flat percentage,

the nechanic could target the typical emssions on the idl e node of vehicles whose ASM

conposite em ssions pass the 1.00/8.0/2.0 cutpoint.
“successfully” repairing only 60 (16% of the originally failing vehicles.
of those 60 passing vehicles is given in the follow ng table.

87

Such a repair strategy would result in
The distribution




Passing after

Fl eet

Distribution Failing 1.00/8.0/2.0

Reduci ng 1dl e Mbde to Noni nal

Scor e

Laboratory Sample
FTP HC/CO Emissions

Simulated Lane Fleet
FTP HC/CO Emissions

Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
NOx 22.0 0 1 1 2 0 0 42 6 12 0
NOx > 2.0 0 0 0 0 0 0 0 0 0 0

Ti ghteni ng the ASM cutpoint from1.00/8.0/2.0 to a nmore stringent cutpoint of
0.40/8.0/ 1.5 produces simlar results in our nodel

An ASM cut point of 0.40/8.0/1.5 wll
The distribution of those 587 vehicles is given in the follow ng table.

Fl eet

fail

Di stribution Failing 0.40/8.0/1.5

587 vehicles in that sinmul ated | ane fl eet.

Laboratory Sample
FTP HC/CO Emissions

Simulated Lane Fleet
FTP HC/CO Emissions

Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
NOx 22.0 6 16 7 13 1 72 311 42 78 6
NOx > 2.0 0 4 3 6 0 0 24 18 36 0

As with the 1.00/8.0/2.0 cutpoint, single-node repairs that reduced the 5015 node
em ssions by 80 or 90 percent would succeed in “successfully” repairing only 108 (18 percent

of the 587 failing vehicles) The distribution of those 108 vehicles is given in the
foll owi ng table.

Fl eet Distribution Failing 0.40/8.0/1.5
Passing after Reducing 5015 Mbde by 80 or

90%

Laboratory Sample
FTP HC/CO Emissions

Simulated Lane Fleet
FTP HC/CO Emissions

Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
NOx 22.0 1 5 0 0 0 6 102 0 0 0
NOx > 2.0 0 0 0 0 0 0 0 0 0 0

Rat her than attenpting to reduce the em ssions on the 5015 node by a flat percentage,
the nechanic could target the typical em ssions on the 5015 node of vehicl es whose ASM
conposite em ssions pass the 0.40/8.0/1.5 cutpoint. Such a repair strategy would result in
“successfully” repairing only 54 (16% of the originally failing vehicles. The distribution
of those 54 passing vehicles is given in the follow ng table.
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NOx 22.0
NOx > 2.0

If mechanics were able to repair those 587 vehicles so that the enissions on the 2525
nmode were reduced by 80 percent (while the em ssions on the other three nodes renai ned
then only 138 of those 587 would be able to pass the 0.40/8.0/1.5 cutpoint.

unchanged),

Passing after

Fl eet

Distribution Failing 0.40/8.0/1.5

Reduci ng 5015 Mbde to Noni na

Scor e

Laboratory Sample
FTP HC/CO Emissions

Simulated Lane Fleet
FTP HC/CO Emissions

Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
1 2 0 0 0 6 48 0 0 0
0 0 0 0 0 0 0 0 0 0

distribution of those 138 vehicles is given in the follow ng table.

NOx 22.0
NOx > 2.0

Fl eet

Di stribution Failing 0.40/8.0/1.5

Passing after

Reduci ng 2525 Mbde by 80%

Laboratory Sample
FTP HC/CO Emissions

Simulated Lane Fleet
FTP HC/CO Emissions

Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
1 9 0 1 0 6 126 0 6 0
0 0 0 0 0 0 0 0 0 0

The

Reduci ng the 2525 node em ssions by 90 percent would add 12 vehicles (6 passing HZ COwith

NOx 2 2.0 and 6 margi na

conposite score would pass the cutpoint.

2525 node woul d be successfu

Rat her than attenpting to reduce the em ssions on the 2525 node by a flat percentage,

the nechanic could target the typical em ssions on the 2525 node of vehicl es whose ASM

Thus,

conposite em ssions pass the 0.40/8.0/1.5 cutpoint.

NOx 22.0

HJ COemtters with NOx > 2.0) to the 138 whose estimated ASM
a repair strategy that targeted only the
on only about 26 percent of the originally failing vehicles.

“successful ly” repairing only 102 (17% of the originally failing vehicles. The
distribution of those 102 passing vehicles is given in the follow ng table.
Fl eet Distribution Failing 0.40/8.0/1.5
Passing after Reducing 2525 Mbde to Nomi nal Score
Laboratory Sample Simulated Lane Fleet
FTP HC/CO Emissions FTP HC/CO Emissions
Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
0 4 0 1 0 0 96 0 6 0
0 0 0 0 0 0 0 0 0 0

NOx > 2.0
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If mechanics were able to repair those 587 vehicles so that the emi ssions on the 50 nph
crui se node were reduced by 80 percent (while the em ssions on the other three nodes
remai ned unchanged), then 365 of those 587 would be able to pass the 0.40/8.0/1.5 cutpoint.
The distribution of those 365 passing vehicles is given in the follow ng table.

Di stribution Failing 0.40/8.0/1.5
Reduci ng 50 nph Crui se Mode by 80%

Fl eet
Passing after

Simulated Lane Fleet
FTP HC/CO Emissions

Laboratory Sample
FTP HC/CO Emissions

Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High | V. High |Super
NOx 22.0 6 12 4 2 0 72 251 24 12 0
NOx > 2.0 0 1 0 0 0 0 6 0 0 0
with NOx >

Reduci ng the 50 nph crui se em ssions by 90 percent would add 12 vehicles (al
2.0; 6 of which with marginal HZCO and 6 with high HZ CO to the 365 whose estinated ASM
conposite score would pass the cutpoint. Thus, a repair strategy that targeted only the 50
nph crui se node would result in “successfully” repairing about 64 percent of the originally
failing vehicles.

Rat her than attenpting to reduce the em ssions on the 50 nph cruise node by a flat
percentage, the mechanic could target the typical em ssions on the 50 nph crui se node of
vehi cl es whose ASM conposite em ssions pass the 0.40/8.0/1.5 cutpoint. Such a repair
strategy would result in “successfully” repairing only 275 (47% of the originally failing

vehicles. The distribution of those 275 passing vehicles is given in the follow ng table.
Fl eet Distribution Failing 0.40/8.0/1.5
Passing after Reducing 50 nph Crui se Mode to Nom nal Score
Laboratory Sample Simulated Lane Fleet
FTP HC/CO Emissions FTP HC/CO Emissions
Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
NOx 22.0 2 8 4 2 0 48 191 24 12 0
NOx > 2.0 0 0 0 0 0 0 0 0 0 0

If mechanics were able to repair those 587 vehicles so that the emissions on the idle
nmode were reduced by 80 or 90 percent (the nodel yields the sane result for each) while the
em ssions on the other three nodes renmai ned unchanged, then only 42 of those 587 woul d be
able to pass the 0.40/8.0/1.5 cutpoint. Thus, a repair strategy that targeted only the idle
nmode woul d result in “successfully” repairing only about seven percent of the originally
failing vehicles. The distribution of those 42 passing vehicles is given in the follow ng

t abl e.
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Fl eet

Distribution Failing 0.40/8.0/1.5

Passing after

Reduci ng 1dl e Mbde by 80 or

90%

Laboratory Sample
FTP HC/CO Emissions

Simulated Lane Fleet
FTP HC/CO Emissions

Pass | Marginal [Highs | V. High | Super || Pass | Marginal | High [ V. High |Super
NOx 22.0 0 1 0 0 0 0 42 0 0 0
NOx > 2.0 0 0 0 0 0 0 0 0 0 0

Rat her than attenpting to reduce the emssions (only HC and CO on the idl e node by a
flat percentage, the mechanic could target the typical em ssions on the idl e node of
vehi cl es whose ASM conposite em ssions pass the 0.40/8.0/1.5 cutpoint. Such a repair
strategy woul d have produced exactly the same result (i.e., 42 passing vehicles) as would
reducing the idle emssions by a flat 80 or 90 percent.

Fromthe preceding two exanples (i.e., using cutpoints of 1.00/8.0/2.0 and
0.40/8.0/1.5), the only potentially effective “single-nmode ASMrepairs” are those repairs
targeted at the 50 nph cruise nmode (reduci ng enissions by 90%. However, the nodel predicts
that those repairs woul d not be successful on 27 to 36 percent of the originally failing
vehicles. The distributions, of those vehicles that are still failing the respective ASM
cutpoint after repairs targeted on the 50 nph crui se mode (reduci ng emi ssions by 90%, are
given in the followi ng table.

Still Failing 0.40/8.0/1.5
Reduci ng 50 nph Crui se Mode by 90%

Af ter

Still Failing Cutpoint of 1.00/8.0/2.0
Simulated Lane Fleet
FTP HC/CO Emissions

Still Failing Cutpoint of 0.40/8.0/1.5
Simulated Lane Fleet
FTP HC/CO Emissions

Pass | Marginal | High | V. High |Super || Pass | Marginal | High | V. High |Super
NOx 22.0 0 6 12 54 6 0 60 18 66 6
NOx > 2.0 0 6 0 18 0 0 12 12 36 0

Fromthe preceding table, we can see that the vehicles that the nodel predicts will
continue to exceed the respective ASM cutpoints, even after single-node repairs targeted at
the 50 nph crui se nmode, are anobng the highest emtters in the simulated | ane fleet.
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5.7 Purge Anal yses
5.7.1 Introduction

In purge testing, the concern is not that too many nal functioning vehicles will pass a
test. Instead, the major concern is too many properly functioning vehicles will fail a test
that attenpts to replace a test with real-world driving behavior with a few steady-state
nodes. These steady-state nodes may not provide some vehicles with the opportunity to purge.
Thus, the purpose of this section was to conpare the canister purge systemfalse failure
rates (errors-of-commssion or Ecs) for the ASMand | M240. The data indicate that the |IM40
is significantly less likely to falsely fail vehicles for purge than the ASM

Vehi cl e evaporative enmi ssions contribute significantly to the VOC i nventory. Because
vehicl e fuel tanks and carburetors nust vent to atnmosphere for proper vehicle operation
carbon cani sters are added to col |l ect hydrocarbon nol ecul es whi ch woul d ot herw se escape.
Because the carbon canister has a finite capacity, which if exceeded, allows hydrocarbons to
escape, the canister nmust be kept purged of stored hydrocarbon nol ecul es. The evaporative
control systemincludes a purge system which draws stored hydrocarbons into the engi ne where
t hey are burned.

Most properly functioning cani ster purge systens do not purge constantly; instead, nost
only purge when their ECM conputer algorithnms call for purge. Driveability or enission
probl ens acconpany purge that initiates during unfavorable conditions, so purge algorithns
are designed to take advantage of opportune conditions. The purge algorithnms are known to
vary widely fromnodel to nmodel. So, the main problemfor an I/Mtest is to provide vehicle
operation that will coincide with the conditions necessary to induce the systemto activate
cani ster purge. EPA has found that sone vehicles only purge during accel erations or
decel erations, which is problematic for steady state tests such as the ASM and coul d result
in falsely failing vehicles with purge systens that are properly functi oni ng.

Al so, sone vehicles have tinmers that don’t allow purge for several mnutes after the
engine is started or a specified operating tenperature is reached, so all el se being equal
the longer the test duration, the |lower the probability of purge false failures. This also
makes the test order inportant, since the test that was perforned second is nore likely to
achi eve purge than the initial test. This is one reason the test procedure in our study in
Mesa required the test order to be reversed each tine another car was tested and why the
engi ne was restarted just before each test.

The | M40 purge flow was summed over the full [ M240. The ASM purge fl ow was mneasured
and summed over the full four nodes of the ASMi ncl uding transient segments of the ASM
cycle, in contrast to the ASM exhaust emi ssions, which were only measured during the four
ASM st eady- st ate nodes. Because the fl ow measuring equi pnent is the same for both transient
and steady-state tests, it was practical to measure purge flow on the ASMduring the three
accel erations and the single decel erati on needed to conplete the four ASM nodes.
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5.7.2 The Dat abase

The dat abase for the |ane purge anal ysis was restricted to vehicles that met all of the
followi ng criteria:

- as-received purge data were available for both the 1 M40 and the ASM
- the test order was known,
- and the data passed the purge QC criteria (see Appendix Q).

The resul ting database consisted of 1170 vehicles. O these, 577 received the | M40
first and 593 received the ASMtest first. The conparisons nmade for this analysis included
failure rate conparisons, and conpari sons of vehicles for which the ASM and | M40 purge
status did not agree, or "false failures". In addition, these conparisons were nmade for
data stratified by test order. The standard used for these conparisons was 1.0 liter/test.

5.7.3 The Results
The results of the failure rate conparisons are as foll ows:

e OQverall purge failure rates:
- The IM40 failed 7.43% (87 vehicles).
- The ASMfailed 11.45% (134 vehicles).

e Initial test failure rates:
- The I M240. 1st failed 6.93% (40 vehicles).
- The ASM 1st failed 11.13% (66 vehicles).

e Second test failure rates:
- The IM240. 2nd failed 7.92% (47 vehicles).
- The ASM 2nd failed 11. 79% (68 vehicl es).

These higher failure rates for the ASMraise the question of whether the ASMcorrectly
identified non-purging vehicles that the I M40 m ssed, or whether the ASMincorrectly failed
vehicles. Passing the IM240 purge test requires either that purge actually occurs or that
t he neasurenment systemfalsely indicate that purge is occurring. Since the ASMand | M40
were run with the sane neasurenment system and results were reported el ectronically w thout
human intervention, it is not conceivable that a measurement error made sone cars pass the
I M40 and fail the ASM Consequently, the ASMfail/l M240-pass cars nmust be consi dered
i mproper fails by the ASM and vice versa, with a possibility that test order was a
contributing factor in specific cases despite the engine restart for both tests. However,
since the sanple has essentially an equal nunber of each test order, test order shoul d not
be a rel evant factor overall.

The next set of statistics inplies that both the ASM and the 1 M40 fal sely fail
vehicles, but the ASMfalsely fails more vehicl es.
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e Qverall false failure rates (fails one test but not the other):
- 1.1%or 13 vehicles failed the 1 M40 but passed the ASM
- 5.13%or 60 vehicles failed the ASM but passed the | M40.

* False failures on initial test:
- The IM240. 1st falsely failed 1.21% (7 vehicles).
- The ASM 1st falsely failed 4.22% (25 vehicles).

« False failures on second test:
- The IM240.2nd falsely failed 1.01% (6 vehicles).
- The ASM2nd falsely failed 6.07% (35 vehicles).

Figure 5.7.1 graphically illustrates the conparison of false failure rates.

Figure 5.7.1
Comparison of False Failure Rates for
| M40 purge vs ASM purge

overal | ASM 1st ' | M240. 1st ASM 2nd - | M240. 2nd
7.0% T NE1170 NE593 | Ne577 N=S77  N=593
. 6.1% -
6. 0% + 5 1%
5. 0% 1 4. 2%
4. 0% +
3.0% +
2. 0% 1.1% 1.2% 1.0%
1. 0% +
0. 0%
Overall - Fal se Initial - Fal se Precondi ti oned -
Failure Rate Failure Rate Fal se Failure
Rat e
O Asm Purge - False Failure Rate O 1 ve40 Purge - False Failure Rate

The nost rel evant conparison is the initial tests (ASM 1st & | M40. 1st) because they are
nore representative of the conditions and vehicle preconditioning expected in official I/M
prograns than the preconditioned tests. The purge results for the initial tests were
simlar to the overall results; the ASM1st’s false failure rate was 3 percentage points
hi gher than for the | M4O0. 1st.

Wth a 3 to 4%false failure rate, the ASM purge test could cause severe problens to |/ M
prograns in the formof frustrated consuners and skeptical mechanics.
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As discussed in the introduction, test order was expected to be inportant because the
test that was perfornmed second would be nmore likely to achieve purge than the test that was
performed first. Contrary to expectations, however, the ASM 2nd exhi bited a 0.63% i ncrease
in failure rate and a 1.85%increase in false failures when conpared to the ASM 1st. The
the | M240. 2nd al so produced a higher failure rate (+1.0% than the | M40. 1st, but the
| M240. 2nd’ s fal se failures decreased 0.2% conpared to the | M40. 1st.

In addition, the false failure rate for the IM240.2nd is narkedly better than for the
ASM 2nd when viewed as a percentage of failures. Figure 5.7.2 shows that the false failure
rate dropped from17.5%of the failing | M40. 1st vehicles to 12.8%of the failing |IM40.2nd
vehicles. In contrast, the false failure rate increased to 51.5%of the ASM 2nd failing
vehicles from37.9% of the ASM 1st failing vehicles. So although the false failure rate for
both tests is expected to decrease further if the engine restart is avoi ded before
perform ng the second-chance test, these data suggest that retesting is nore effective in
reduci ng | M240 false failures than ASMfal se fail ures.

Figure 5.7.2
Fal se Failure Rates as a Percentage of Failures
for 1 M40 purge vs ASM purge

60. 0% T 51. 5%
50.0%+  44.8%
37. 9%
40. 0% +
30. 0% +
17. 5%
20. 0% + 14. 9% ° 12. 8%
10. 0% +
0. 0%
Overall - Fal se Initial - Fal se Precondi ti oned
Failure Rate Failure Rate - False Failure
Rat e
O Asm Purge-Fal se Failure Rate O 1 w40 Purge-Fal se Failure Rate

Qverall, 74 vehicles failed both the ASMand | M40. The ASMfalsely failed 60
addi tional vehicles while the 1 M40 falsely failed only 13 additional vehicles. As shown in
Figure 5.7.2, 44.8%of the 134 vehicles failing the ASMpurge were fal se failures conpared
to 14.9%of the 87 vehicles failing the 1 M40 purge. |In addition, 37.9% (25 of 66) of the
ASM 1st falsely failed conpared to 17.5% (7 of 40) 1M40.1st false failures. O the 68
vehicles that failed the ASM 2nd 35 had purged on the I M40, so 51.5% of the ASM 2nd
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failures were false failures, whereas only 6 of the 47 vehicles that failed the | M40. 2nd
had purged on the preceding ASM so 12.8%of the 1 M40.2nd failures were fal se failures.

These results indicate that the ASMerror-of-commssion rate will be intolerably high
with one third to one half of failing vehicles being false failures. |/M prograns coul d
i npl ement a second chance test immediately following the first test without shutting off the
engine to reduce false failures. However, it is speculative whether this will significantly
reduce the ASMfalse failure rate. Al so, second-chance testing adds cost. Since the false
failure rate increases fromthe ASM 1st to the ASM 2nd and decreases for the | M4.2nd
conpared to the I M240.1st (See Figure 5.7.2), the data indicates that second-chance testing
may not be as effective for the ASMas for the | M40.

Second-chance testing costs will be lower for the I M40 because it fails fewer cars
initially, thus, requiring fewer retests and sonme vehicles just do not purge during steady-
state operation. For these vehicles, an alternate cycle such as the | M40 woul d be
requi red. Dynanoneter costs would then increase because inertia simulation is needed, but
the nore expensive | M40 exhaust measurenent systens woul d not be needed.

In summary, the conparison of ASM purge and | M40 purge shows that the 1 M40 is superior
in correctly identifying vehicles with mal functioning purge systens. Wth false failure
rates of 4 to 6%for the ASM(3 to 6 tinmes higher than 1 M40 false failure rates), an
addi ti onal second-chance test will be required. And since sone vehicles sinply do not purge
on the ASM st eady-state nodes, even with purge measured during the accel erations between
nodes, an alternate cycle such as the M40 may be required for retests. In conclusion, the
ASM purge test is substantially |less effective than the | M40 purge test.

5.8 | M240 | nmprovenents and the Four-Mde | M40

The purpose of this section is to convey that refinements are possible which woul d make
the M40’ s performance a “noving-target,” and to further reiterate why one sanpl e shoul d be
used to devel op the ASM node wei ghting factors and an i ndependent sanple used to eval uate
the ASMs effectiveness.

EPA s reconmended | M240 cutpoints of 0.80/15.0/2.0 + 0.50/12.0 represent a conprom se
between failing high emtting vehicles and not failing clean vehicles. As cutpoints are
tightened, the IDRs generally increase at the expense of increasing the possibility of
errors-of-conmm ssion. Increasing the power of the test (i.e., the ability to distinguish
bet ween nal functi oni ng and properly functioning vehicles) serves the public good, in that
the high emtters not identified by the test are not repaired, so the cost of testing such
vehicles is not rewarded by air quality inprovenents that accrue fromidentifying and
repai ring such vehicles. Mre tangible is that vehicle owner satisfaction and acceptance of
I /Mprograns increase with | ower errors-of-comm ssion.
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EPA is not content for all tine with the absol ute performance of the | M40 as now
defined. Although in a relative sense, its performance is superior to any of the
alternative I/Mtests, it can be inproved. Consider for exanple the IM40’s 15 g/m QO
cutpoint. This is nore than four times the FTP QO standard, and unlike the FTP which
includes a cold start 9 the IM240 is to be performed on fully warnmed up vehicles. So the
errors of om ssion (vehicles which pass, but should not) are higher than if a nore stringent
CO standard were used. EPA testing has shown that tighter cutpoints will identify nore high
emtters, but also fail sone properly functioning vehicles. A though the M40 is
considerably better than any alternative I/Mtest, in this regard, there is no question that
its performance can be inmproved. The IM40's perfornance can be inproved in two areas:

- Reduce the test-to-test variability so that cutpoints can be tightened without falsely
failing clean vehicles.

- UWse statistical techniques to inprove the IM40 's correlation with the FTP

Such inprovenents will serve the public interest by increasing the air quality yield per
test-dollar, so alternative tests should be eval uated agai nst the state-of-the-art of |M40
testing rather than the I M40 perfornance, as it existed, when the I/MRul e was published
Proponents of alternative I/Mtests may point out that if the M40’ s performance, as it
stood in Novenber 1992, was good enough to meet the perfornance standard, then this
performance standard should be the standard for alternative tests. Wile such a policy nay
i ndeed “l evel -the-playing-field” for alternative tests and is in fact what is allowed by
EPA's I/MRule, it is difficult to argue that this approach pronotes the general welfare and
shoul d guide state and | ocal decision-nmakers concerned as nuch about clean air as about
meet i ng m ni mum requiremnents.

5.8.1 Reduce Test-to-Test Variability

Test-to-test variability is the prinmary reason why the M40’ s cutpoints are so nuch
less stringent than the FTPs. The FTP controls a nunber of variables that are w dely known
to affect a given vehicle’s emssions. Some variables that are tightly controlled for FTPs
were either nore loosely controlled or not controlled in EPA's I M40 | ane tests. These
i ncl ude, anong ot hers:

9 0 (and HO) enissions are considerably higher during warmup than during fully warmed-up
operation
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- anbient tenperature in the test cel

- humdity in the test cel

- engine tenmperature (FTP indirectly controls with preconditioning and anbi ent
condi ti ons)

- catalyst tenperature (FTP indirectly controls with preconditioni ng and anbi ent
condi ti ons)

- vehicle operation prior to the emssions test (can affect em ssion control system
tiners for purge, air switching, etc., and other variables affecting em ssions)

- evaporative canister loading (FTP indirectly controls with anbi ent conditions and
vehi cl e operation during the 12 hours preceding the FTP em ssions test)

- tire pressure

- speed excursions fromthe nomnal speed ( *2 nph on FTP vs. driver discretion for
EPA' s pilot 1 M40 testing to date)

- exhaust system backpressure (NOx can be adversely affected by a constant vol une
sanpler if quality control is not adequate)

- fuel conposition

EPA has al ready made i nprovenents that |/Mprogranms will be required to inplement, but
were not inplemented during EPA's testing. For exanple, FTPs are voided if speed excursions
fromthe nom nal speed exceed 2 nph. In contrast, much of EPA's data are from vehicles
with speed excursions that exceed +2 nmph. In a commttee that included I/Mcontractors,
state I/Mprogramofficials, |1M40 equi prent manufacturers, and autonobile manufacturers, a
consensus was reached on requiring this tighter speed tol erance al ong with additiona
tighter controls that will reduce test-to-test variability 10

There are al so variables that can not be controlled, such as anbi ent tenperature and
cani ster | oading, but can be conpensated for to better distinguish between mal functioning
and properly functioning vehicles. Gven enough data, conputer algorithns can be devel oped
that consider the nmore inportant variables and apply adjustnent factors to the official
| M40 test results.

Sinplistic approaches such as setting tire pressure or providing second-chance tests for
vehicles that are within 1.5 times the cutpoints seemcostly to inpl enent because additiona
I/MIlanes and personnel are needed, but are judged to be cost effective since vehicles that
should not fail but do, nust be retested after “repairs” anyway.

More sophisticated algorithns utilizing sensors to nmeasure variabl es |ike anbient
tenperature and catal yst tenperature allow rel ationships to be devel oped and used to conpute
scores. These are nore efficient because they can increase the power of the test without
requiring additional 1/Mlanes and personnel. Devel oping these techniques will require

10 pDraft H gh-Tech Test Procedures, Quality Control Requirenents, and Equi prent
Specifications, April 5, 1993.
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substantial data. Wen the M40 is inplenmented, much data will becone available to all ow
devel opnent of such al gorithns.

5.8.2 Statistical Techniques to Inprove the | M4G Correlation Wth the FTP

Presently, the 1 M40 score constitutes the sumof the mass em ssions divided by the
di stance accurul ated. Because al nost every second of operation is taken from various
segnents of the FTP, the two tests correlate better than any existing alternative I/Mtest.
But their correlation can be inproved using multiple regression. For exanple, the
uncontrol l ed variables that attend |1 M240 tests probably make it appropriate to de-enphasize
the initial operation of the M40 in conputing the score and enphasizing the |ater
operation. The |later operation is somewhat preconditioned by the initial operation. Al so,
the I M40 has a hi gher average speed than the FTP, so de-enphasi zing the high speed portions
shoul d produce a better correlation with the FTP.

The data itself can be used to deternmine the nore appropriate wei ghting through the use
of regression techniques. For exanple, EPA divided the M40 into four nodes as foll ows:

Mode 1: 0- 60 seconds
Mode 2: 61- 119 seconds
Mode 3: 120-174 seconds
Mode 4: 175-239 seconds

As for the ASM coefficients are devel oped by performng a multiple regressi on wherein
the results fromfour nodes are the independent variables and the FTP results is the
dependent variable, which allows the data to determ ne the appropriate node wei ghti ng.

EPA tried this using the only substantial database with the informati on needed (FTPs
with 1 M40 4-node results or second-by-second results), which happens to be the vehicles on
which this report focuses. So the coefficients had to be devel oped on the sane set of data
to which they were applied. EPA condemms this practice, as discussed in Section 5.5, but
having no alternative, the results are presented only to provide an indication of how the
| M40’ s performance i s enhanced through this approach.

Unfortunately, the legitinmate performance increase gained by using multiple regression
to determ ne appropriate node wei ghting can not be isolated fromthe inappropriate
application of these coefficients to the same vehicles fromwhich they were devel oped. So
the performance presented in Table 5.8.2 gives an overly optimstic view, but also
reiterates that ASM advocates who do not accept EPA' s judgenent that it is inappropriate to
apply coefficients to the vehicles fromwhich they were devel oped, should then conpare the
ASM performance with inter-1inked coefficients to the M40 also utilizing inter-Iinked
coefficients.
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The nmultiple regression was perforned on the first 91 vehicles in the database only

(this anal ysis was not repeated when additi onal

presented in Tables 5.8.1 and 5. 8. 2.

insufficient data is available for devel oping | ogi cal

dat a became avail abl e).

The results are

The negative coefficients in Table 5.8.1 indicate that

coefficients,

which will conpensate,

to sone degree for the inter-linked performance listed in Table 5.8.2.

Table 5.8.1

Coefficients Devel oped from

FTP

Mul tipl e Regression of 4-Mde | M40 vs.
Mode HC CcO NOx
Const ant 0.03 -0.28 -0.02
1 -0.30 -0.18 -0.07
2 1.16 1.70 0. 37
3 0. 26 -0.01 0.02
4 0.09 -0.08 0. 56
R 90. 3% 86. 0% 69. 6%

rates at equivalent failure rates.

Table 5.8.2 illustrates how the 4-Mde test inproves the tradeoff between |IDRs and Ec

Table 5.8.2
4- Mode | M240 Performance Versus Nornmal | M40
| DRs Ecs
Fai |
Rat e HC CO NOx
4-Mode | Regular | 4-Mde | Regul ar 4- Mode | Regul ar 4- Mode | Regul ar
12% 88% 88% 65% 63% 72% 75% 0. 0% 0. 4%
13% 90% 90% 66% 65% 75% 76% 0. 0% 0. 4%
14% 91% 91% 66% 66% 78% 78% 0. 4% 0. 7%
15% 92% 91% 66% 66% 75% 78% 0. 4% 0. 7%
19% 91% 93% 72% 68% 83% 82% 0. 4% 1. 4%
20% 94% 93% 72% 69% 86% 82% 0. 4% 1.8%
23% 95% 93% 73% 69% 88% 83% 0. 7% 3. 9%
Notice the performance increase in that the 1 DRs increase and errors-of -conm ssi on
decr ease.

I n concl usi on,
of the IM240 to be fi xed.
possi bl e and desirabl e.

devel opers of alternative I/Mtests should not consider the performance
Wil e better than any existing I/Mtests,

| M40 i nprovenents are

EPA's mssion to inprove air quality and enhance the public welfare
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necessitates evaluating alternative tests, not against the performance of the 1 M40 as it
was in Novenber 1992 when the I/ MRul e was published, but instead, against the state-of-the-
art.
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6. Test Progranms by O her Organizations
6.1 Col orado Test Program

The Col orado Department of Health (CDH) conpleted an evaluation 11 conparing the FTP and
the IM240 to the following eight I/Mtest nodes, in the order the nodes were perforned:

- 35 nph road | oad
- 50 nph road | oad
- ASM 2545
- ASM 2525
- ASM 5015
- ldle test
- 2500 rpm

Thei r concl usi ons included the foll ow ng:

“The loaded mode [IM240] tests (both [93] second and 240 second] identify significantly
more of the excessively emitting vehicles and more of the excess emissions than do any of the
steady-state tests. They also have fewer errors of commission and less sensitivity to differences
between FTP and short test emission levels. With no other consideration, either the 95 second or
the 240 second version of the [IM240] would be the clear choice for the most accurate and
effective identification of excessively emitting vehicles.”

6.2 California Test Program

EPA has received a prelininary analysis 12 fromthe California Air Resources Board (CARB)
conparing the ASMb015 and the ASMP525 to the 1 M40. The CARB anal ysis | ooks favorably on
the ASM nodes and concl udes that the ASMtests are as effective as the | M40. However,
there are significant concerns with CARB' s data. These concerns include the follow ng:

- The CARB database is not representative of the newer fleet.
- CARB's testing is not representative of actual I/Mtesting.
- Al of CARB’'s tests were preconditioned.

- CARB’'s ASM equations, when applied to EPA s data, denonstrate poor performance.

11 Ragazzi, et al.
12 Draft Menorandum from Jeff Long, Manager, Analysis Section to Mark Carlock, Chief, Mtor

Vehi cl e Anal ysis Section, “Conparison of Excess Em ssions ldentified by | M40, ASM5015 and
ASMP525 Tests,” California Air Resources Board, not dated, received April 15, 1993.
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EPA is preparing a separate docunent that will consider CARB's ASMtest programin nore
detail .
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7. Test Costs Conparison

Supporters of the ASM have frequently suggested that it would be a nore cost-effective
test than the I M40, given that the equiprment cost is significantly lower. As Table 5.12.1
shows, the equi pnent package for the ASMseries, with purge and pressure testing, does have
a lower total cost than the | M240, purge, and pressure equi pnent package.

Table 7.1
Equi pment Costs for the ASM Series and | M40

I M240 ASM

Equi prent Cost Equi prent Cost

Pressure R g $600 Pressure R g $600

Purge Meter $500 Purge Meter $500
VDA $1, 000 VDA $1, 000
Dynanonet er $25, 000 Dynanonet er $20, 000
CVS & Anal yzers $79, 00013 BARI0O & NOx Bench $19, 000
Tot al $106, 100 $41, 100

These figures reflect the nost recent cost information that EPA has received from
i ndustry. EPA has published previous estinates of the per vehicle costs of ASM and | M40
testing in "I/MGCosts, Benefits, and Inpacts,” in Novenber, 1992. EPA found, and

i ndependent anal yses confirmed, that equi prent costs, when spread over the useful life of
the equi prent, constitute a relatively small portion of the per vehicle cost of an I/Mtest;
| abor and overhead costs are considerably higher. In analyzing the current average per

vehicle inspection cost in a centralized program of $8.50, EPA estimated that equi pnent
accounted for 21¢, |abor for 96¢, 82¢ went to defray construction costs, the state oversight
fee averaged $1.25, and the renaining $5.26 went to cover various overhead costs (for a ful
di scussion of EPA's cost estimation assunptions and net hodol ogy the reader is referred to
Sections 5.2 and 5.3 of “I/M Costs, Benefits, and Inpacts,” contained i n Appendi x H).

Current testing stations have an average peak capacity of 25 vehicles per hour and enough
stations are constructed to avoid long lines on peak demand days. G ven the typical pattern
of owners’ choi ces about when to come for inspections, this results in an average actua

t hroughput of 12.5 vehicles per hour which translates into 39,000 vehicles per year per

| ane, and costs are spread over a multi-year period, five years in nost cases.

Throughput is the most critical variable in estimating costs since it determnes the
size of the inspection station network needed for a given area and the nunber of vehicles

13 Letter fromKenneth W Thonas, Marketing Manager, |/M Systens, Horiba |Instrunents
Incorporated, to Bill Pidgeon, U S. Environnental Protection Agency, April 7, 1973 and
Quotation from Scott P. Corrunker, Sales Engi neer, Conbi ned Fl uid Products Conpany to Dan
Sanmpson, U. S. Environmental Protection Agency, January 27, 1993. These are attached as
Appendi ces J and K
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over which costs for each |ane are spread. Inspection |anes usually have nore than one
position, with different parts of the inspection perfornmed at each one. Hence, throughput
is governed not by the time required to performthe total test sequence, but by the tine
required at the | ongest position. Wether the test sequence consists of the M40 with
purge and pressure testing or the ASMw th purge and pressure testing, the |ongest part of
the sequence is the tail pi pe em ssions test.

The conbi ned | M40 and purge test takes approxinmately three mnutes (using fast-pass and
fast-fail) to performon the average. Allowing an additional mnute to maneuver the vehicle
onto the dynanoneter and otherw se prepare the vehicle for testing the total time at the
| ongest position is estimated to be four mnutes. This translates into a peak | ane capacity
of 15 vehicles per hour and an average actual throughput of 7.5 vehicles per hour. The ASM
consi sts of four nodes |asting 40 seconds each with a few seconds in between to change
speed. This works out to approximately three mnutes per test. A low ng, again, an
additional mnute to maneuver the vehicle onto the dynanormeter and ot herw se prepare it for
testing, the total test tine is about four mnutes, hence, the throughput rates for the ASM
is the sane as for the 1 M40. Average throughput for both tests is 7.5 vehicles per hour
Assum ng that stations operate 60 hours per week, 52 weeks per year, and costs are spread
over a five year period, then equi pment costs are spread over a total of 117,000 vehicl es.

The optimum | ane configuration for both tests is a three position |ane staffed by three
i nspectors. Consequently, as shown in “I/M Costs, Benefits, and Inpacts,” staff,
infrastructure and overhead costs are essentially the same for both tests. The only
difference is in the cost of equipnment. Table 5.12.2 shows the estinmated per vehicle costs
for performng the ASMand the 1 M40. The costs are derived using the same met hodol ogy and
assunptions as in Appendix H Overhead costs for I M40 and ASMtests are estimated by
factoring the overhead for current centralized prograns by the change in throughput.
Equi prent, and construction costs are obtained by dividing those costs over the tota
vehicle traffic in a five year period. Staff costs are obtained by dividing i nspectors
hourly wages ($6.00) by the average nunber of vehicles inspected in a hour. State oversight
costs are estinated at $1.75 per vehicle but coul d vary depending upon the intensity of the
state oversight program they would not vary between the two test types.

Despite the difference between the costs of the equi pnent packages required for the two
tests, the total cost per vehicle, factoring in all necessary costs involved in a testing
program differs very little between the two tests. In a high volume test programthe per
vehicle cost difference is estimated at 74¢;, the per vehicle cost for the ASMis about 5
percent |ess than for the | M40.
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Table 7.2

Cost Conponents and Cost per Vehicle for the ASM and | M240

| nspection Staff
State Oversi ght
Test Equi prrent
Bui | di ng Modi fi cation/ Construction
Q her Over head

Total Cost Per Test

106

ASM

$2. 40
$1.75
$0. 65
$1.71
$9. 12

$15. 63



8. Eval uati on of the Adequacy of the ASM for Enhanced 1/ M Prograns
8.1 I ntroduction

The precedi ng chapters show that the four-nmode ASMtest is not equivalent to the |1 M40
on a per-car basis. Even if ASMcutpoints are selected so that the sane nunber of cars are
failed, they will represent a snmaller portion of the fleet’s excess enissions, and the cars
will not be repaired as effectively as if the 1 M40 were used for reinspection after repair.
However, to some extent this | oss of em ssion reduction can be conpensated for by inproving
other I/Mprogramfeatures to make themnore stringent than woul d otherw se be required to
nmeet the em ssion reduction performance standard in EPA's rule for enhanced 1/ M prograns.
Anong these other features are the inspection of heavy-duty gasoline-fuel ed vehicles, the
use of the ASMtest for all 1981 and newer vehicles rather than just the 1986 and newer
vehi cl es which are assuned to be tested with the 1M240 in the nodel 1/M program a higher
failure rate for pre-1981 vehicles, purge testing for nore nodel years than in the nodel
program and mnore conprehensive tanpering inspections.

Whet her these i mprovenents are enough to offset the | oss of benefit fromthe ASMis
the deci sive question that determ nes whether areas subject to the enhanced I/ M program
requi renent can rely on ASMtesting instead of 1 M40 testing. Al so of interest is whether
it is possible to use the ASMand still operate a biennial program To answer these
questi ons, EPA exam ned annual and bi ennial scenarios in which the ASM cut poi nts were made
as stringent as EPA believes is consistent with good engi neering practice and the possible
of fsetting programinprovenents were nade as | arge as EPA considers reasonably possible. If
this hypot heti cal best-possi bl e ASM program cannot satisfy the enhanced 1/ M perfornance
standard, then no ASM program can.

Regar di ng best - possi bl e ASM cut poi nts, EPA has assuned that the failure rate
associ ated with the nost stringent | M40 cutpoints for which EPA has provi ded em ssion
reduction credits is the limt of good engineering practice in an I/Mprogram These | M40
HC CO NOx cutpoints are 0.6/10.0/1.5, conpared to the 0.8/20.0/2.0 used in the nodel
enhanced I/Mprogram The ASMcutpoints that matched this failure rate in the full Mesa
| ane sanple were 0.40/8.0/1.8. These ASM cut poi nts can be expected to produce a hi gher
error of commssion rate than the 0.6/20.0/2.0 I M40 cutpoints, but in the interest of
exploring the linmts of ASMtesting, EPA assumed that this did not nmake t hem unaccept abl e.
EPA cal cul ated MBI LE5a I/ Mcredits for these ASM cut points, using the sane basic approach
as originally used for the M40 credits. W then used MBI LE5a with these credits and
appropriate assunptions for the offsetting programinprovenents to deternine the overall
benefit of a best-possible hypothetical ASMprogram Further description of this process
fol | ows.

8.2 MOBI LE5a Anal ysi s

The I/Mcredits for the ASMtest procedure were determned using the identification rate
fromthe Arizona test sanple. The |aboratory sanple was wei ghted as described in Section
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5.2.5.8 to reverse the effect of the recruitnent bias. The fraction of total em ssions
identified by the ASMtest w th best-possible cutpoints and the IM240 test with its standard
cutpoints were determined for that sanple *. Using the IM240 results for the Arizona sanple,
the ASMidentification rates were converted to a fraction of the 1 M40 results. These
fractions were then used in the I/Mcredit nodel to adjust the 1 M40 identification rates
used in MBILE 5 to represent the effect of the ASMtest.

For repair effects, based on current infornation, EPA can only give the ASMtest the
sane repair effect as the 2500/1dle test procedure for HC and CO For NX, the ASMtest was
tenporarily assuned to have the sane repair effect as the I M40 test procedure using a 2.0
NOX cutpoint, the nearest available to the 1.8 ASMcutpoint. At this tine, we nmade this
tenporary assunption for NOx so that the ASM program can be anal yzed for all three
pol lutants even though the repair effectiveness problens found for HC and QO appear to be
simlar for NOx. Unlike HC and CO there is no set of alternative repair effectiveness
nunbers avail abl e that coul d be used since steady-state tests have never been used for NX
control in the past.

Using the ASMcredit set described above, we proceeded to perform MBI LE5a runs for four
separate |/ M program scenarios: a no-1/Mrun, an enhanced |I/M perfornance standard run, and
two ASM runs, one assum ng an annual testing program and the other, a biennial program
Al four scenarios assune national default inputs for the | ocal area paraneter record -
including vehicle registration mx, anbient tenperature, average VMI, fuel RVP, average
speed, etc. - and cover evaluation years ranging from 2000 to 2011. Depending on the ozone
classification, states nmust showin the 1993 SIP that the I/ M program sel ected neets the
performance standard in these eval uation years.

Both ASMruns were identical, with the exception of the above-noted difference in test
frequency. The other program paraneters assumed for the ASMruns include a programstart
year of 1983, a test-only network, and ASMtesting of nodel year 1981 and later |ight-duty
vehicles and light-duty trucks. The ASMruns al so assuned evaporative system purge and
pressure testing, and visual inspection of the catalyst, inlet restrictor, gas cap, air
pump, EGR tailpipe lead test, and PCV systemon all 1971 and | ater nodel year vehicles.

Ful | purge benefits were given for ASMtesting, since ASMpurge testing will fail virtually
all cars that would fail the IM240 test. A pre-1981 stringency of 40% was assumed, al ong
with a 3% waiver rate and a 96% program conpl i ance rate.

Once these MBI LE5a runs were conplete, we conpared the results for the enhanced I/ M
performance standard run and the ASMruns with the no I/Mcase to determ ne what percent
reduction was required to neet the perfornmance standard and what reductions could be

*

For convenience in calculations, MBILESa I/Mcredits for a particular test and cutpoints
are devel oped starting with the total em ssions identification rate, rather than the excess
em ssion identification rate used in earlier sections, to nore readily display the relative
effectiveness of tests. The difference does not affect the final result.
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expected fromthe annual and bi ennial ASM prograns nodel ed. The results are shown in Table

8. 1.
Table 8.1
MOBI LE5a Emi ssi on Factors and Reductions from ASM Testi ng
\Ye o (60) NOx*
g/m Redux K g/m Redux K | g/m Redux K?
? ?

2000 No I/ M 2.88 2.27
Enhanced Performance Standard| 1.96 32.0% 1.97 13.5%
Maxi mum Annual ASM 2.00 30.5% NO 1.93 15.0% YES
Maxi mum Bi enni al ASM 2.07 27.9% NO 1.96 13.9% YES
2001 No I/ M 22.23
Enhanced Performance Standard 13.98 37.1%
Maxi mum Annual ASM 15.08 32.1% NO
Maxi mum Bi enni al ASM 15.79 29.0% NO
2003 No I/ M 2. 66 2.10
Enhanced Performance Standard| 1.68 36.6% 1.77 15.8%
Maxi mum Annual ASM 1.81 31.8% NO 1.76 16.3% YES
Maxi mum Bi enni al ASM 1.87 29.4% NO 1.78 15.0% NO
2006 No I/ M 2.52 2.02
Enhanced Performance Standard| 1.53 39.2% 1.67 17.2%
Maxi mum Annual ASM 1.71 32.3% NO 1.67 17.0% NO
Maxi mum Bi enni al ASM 1.76 30.1% NO 1.70 15.7% NO
2008 No I/ M 2.47 1.97
Enhanced Performance Standard| 1.47 40.3% 1.62 17.8%
Maxi mum Annual ASM 1.66 32.6% NO 1.63 17.4% NO
Maxi mum Bi enni al ASM 1.72 30.4% NO 1.66 16.1% NO
2011 No I/ M 2.39 1.94
Enhanced Performance Standard| 1.39 41.8% 1.58 18.8%
Maxi mum Annual ASM 1.60 33.1% NO 1.60 17.6% NO
Maxi mum Bi enni al ASM 1.65 30.9% NO 1.62 16.3% NO

* Wth tenporary assunption for NOx repair benefits, as described in text.

By conparing the ASMresults to the perfornance standard, we conclude that neither the
maxi mum annual nor the maxi mum bi enni al ASM program woul d meet the performance standard for
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HC or GO for any of the mlestone years. For N, the biennial ASMprogramwith the
tenporary assunption for NOX repair benefits neets the performance standard in 2000, but
msses it for each successive nilestone, while the annual ASM program neets the perfornance
standard through the 2003 m | est one.

These NOx results include a caveat, however. The degree to which the ASM NOx benefit in
the tabl e exceeds the performance standard is quite small. |If the percent NOX repair
benefit for ASMtesting is anything |less than 90% (i.e., 13.5%15.0% as good as for |M40
testing, the Maxi mum Annual ASM programwi || not neet the NOx perfornance standard in 2000.
The correspondi ng “actual val ues” for the Maxi num Bi ennial ASM programin 2000 and the
Maxi mum Annual ASM programin 2003 are 98% (13.5% 13. 8% and 97% ( 15. 8% 16. 2%,
respectively. Wile EPA for the present reserves judgnent on exactly how much NOx repair
benefit is lost with ASMtesting, (while we consider a test programto further explore this
question) it is clear fromSection 5.3 that the loss is certainly at |least 10% Thus, ASM
testing cannot neet the performance standard for any pollutant for any mlestone date, and
therefore is not an acceptable test in any enhanced |/ M program
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