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Appendi x 1: Test Procedure
1.0 Opbjective and Background
The objectives are to:

1. Collect em ssions and cani ster purge flow data using the follow ng
vehi cl e operati ng nodes:

- Two Acceleration Simulation Mdes (5015 and 2525)
- A 50 nph steady sta te node at road | oad
- Anidl e node in Drive

- Anidle node in Neutral

2. Make the emi ssions nmeasurenents using a certified BARIO anal yzer
(for HC, GO and CO2) with an integrated NO anal yzer of the fuel

cell type for NO neasurenents.

EPA will use the data to conpare the effectiveness of these procedures as
a substitute or alternative to the 1M240. On July 7 or 8, 1992, the Ofice
of Managenment and Budget (OWB) cleared EPA' s proposed I/ M Rul e, which
currently requires the 1 M40 procedure to be used for I/Mtesting in sone
areas. In negotiations with OVB, EPA agreed to eval uate the Accel eration
Simul ati on Mbde short test as an alternative to the 1 M240. Wen EPA agreed
to performthis evaluation, it was anticipated that enough tine was
avail able for a fair evaluation. However, a July 9, 1992, court order
(Natural Resources Defense Council versus U S. EPA) requires the EPA
admnistrator to sign the final I/Mrule by Cctober 27, 1992 and publish it
by Novenber 6, 1992. This nmeans that EPA should get the final rule to OVB
early in Cctober, so the need to collect this data is urgent. The proposed
[/Mrule was signed by the Administrator on July 9, 1992, and published on
July 28, 1992.

The proponents of the Acceleration Simulation Mde Test (ASM persuaded
OMB that these tests were alnost as effective as the 1 M40 as an |/ Mtest,
but because the equipnment required for the ASMis considerably |ess
expensive, it allows a “test & repair” type of I/Mnetwrk to continue,
whereas requiring the 1M240, they claim would force businesses to go to a
“test-only” type of |I/M network.


NOTE!
This is a draft test procedure, revised from that given in Appendix A of the May 1993 ASM evaluation report.
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The lower cost of the eni ssions nmeasurenent equipnent is the salient
feature that nakes the ASMattractive to its proponents. Therefore it is
inportant to eval uate data collected with durabl e econom cal equi pnent
recomrended by ASM proponents (such as systens used in Fl orida) **\Ws t he
anal yzer used so proven? J.S. told nme it was a prototype NO anal yzer** ,
along with the ASM procedure. Although nore expensive | M240-type equi pnent
can be used to collect ASMenissions data, it will not provide EPAwth the
i nformati on needed to determ ne whet her the econom cal equipnent is
suitable. On the other hand, the ASM proponents are not likely to accept
EPA' s eval uation of data collected using unproven or prototype econom cal
equipnent. It is therefore crucial to use proven equi prent, such as that
used in Florida utilizing a fuel-cell NO anal yzer.

EPA nust evaluate the effectiveness of the ASMtest, using the econom cal
em ssi ons measurenent equi pnent, that the ASM proponents recommend as
alternatives to M40 with the CVS based em ssi ons neasurenment systemthat
EPA now requires in the proposed I/Mrule.

2.0 Phoeni x Lane Procedure

The following is a description of the performance of the necessary
eval uati on conduct ed under an EPA contract with Autonpotive Testing
Laboratories, Inc. (ATL) in Phoenix, Arizona.

ATL shalH—ranage- managed this project in such a way that bias s was not
introduced to the evaluation of the ASMsteady state procedures with the
Al en analyzers **If |I'mnot mstaken, Alen's analyzer was not used**
Whenever ATL beeceres- becanme aware that a procedural bias exists existed the
project officer wH- be was immediately informed to initiate discussions on
how to al |l eviate the bi as.

Because of the urgent need for these data, the “EF & | M40 Tar get ed
Repai rs” task wH—be was suspended after the cars currently at the |ab are
wer e conpl eted. The “Resting Losses & D urnals” task and the " Conmer ci al
Repairs” task wlH—be was restricted to the vehicles that will be tested for
this task, which are discussed bel ow

- This procedure w-lH—be was restricted to 1983 and newer |ight duty
vehicles with fuel injection, when available. Carbureted 1983 &
newer vehicles wH—be were tested when fuel injected vehicles are
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wer e unavail able. Pre-1983 light duty vehicles wlH—be were tested
only when 1983 and newer vehicles are were unavail abl e.

Each light duty vehicle shaH—+receive- received

1. A steady state series thatineludes included the foll ow ng nodes
in the sequence |isted:
ASMb015 with purge,
ASM2525 with purge,
- 50 nph at road | oad, with purge,
idle test (automatic transm ssions in drive),
idle test (automatic transmi ssions in neutral) for the first
50 cars. Car 51 and subsequent cars will not get the 5th
node.

These four or five nodes will be referred to as the ASM seri es.

2. An | M240 wi th purge.

3. A pressure test.

**x1,2,and 3 above need to be indented the next section is section

2.1%*

22 3.1 Procedure Sequence

In general all odd nunbered vehicles got the I M40 as the initial
test and all even nunbered vehicles got the ASMas the initial
test.

The first car tested each day wH—get- got the M40 as the initial
test, directly followed by the ASMseries. The second car tested
each day wiH—get- got the ASMseries as the initial test, directly
followed by the 1M240. This neans that all odd nunbered vehicles
wHH—get— got the M40 as the initial test and all even nunbered
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vehi cl es wiH—get- got the ASMseries as the initial test. As an

alternative, all odd run nunbers get got IM240s first and all even

run nunbers get got the ASMseries first. AFL—can—+ecorrend—a—
hod_t1 . ffi o | unbi ATL

Data col | ected shall—inelude- included a nunber 1 or 2 in a field
named “Lane-ASM— "Test.order" to designate whether the ASM series
procedure was run first or second. This is redundant, but wi-H-
funetion functioned as a check-digit to hel p ensure accurate
comuni cat i on.

22 3.2 Measurenent Equi prment

For the ASMseries, a certified BARIO HOJ GO CO 2 exhaust em ssion
anal yzer shal—be was used to measure HC, GO, and CO 2, with an

i ntegrated NO anal yzer using a fuel cell sensor. For policy

reasons, a prototype anal yzer ean was not be used for this testing,
since it wH- woul d open the data to question. **Again, was the
anal yzer used really like a Florida anal yzer ?** Florida is the only
I/Mprogramutilizing NO anal yzers for |ight duty vehicles in high-
production centralized |/Mlanes. ATL sheould only aecguire acquired
a NO anal yzer/ BAROO anal yzer conbi nation proven in high-production
testing that ean—provide- provi ded second-by-scond data for HC, QO
OOp, and NO The data output fromthe anal yzers shaH—go- went to
3-1/2 inch floppy discs that +nelude included the run nunber, tinme
(sec), node nunber, vehicle speed, purge flow, NO (ppn), HC (ppnj,
2 (%, CO (%, actual torque, required torque, actual horsepower
and required horsepower. and-the tiwe{in24hourformat)—atthe—

A S50 liter/min Sierra flow neter wH—be was used to neasure total
canister purge flow The flow neter system out put w-H—be was the
curul ati ve second-by-second data for total flow recorded on the 3-
1/2” floppy discs discussed above thatineludes—includedthe+run

For the I M240, nornal neasurenents with the CVS system wi-H-
continue- continued at the lane, including purge flow AF-the
earti-est—possible-date,— the The contractor shall—upgrade- upgraded
the measurenent capabilities to report the follow ng neasurenents:
didn't use this upgrade data for anything and |'ve have never seen
it before. 1'd delete all but the first sentence of this section.
Number of seconds from key-on to:
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start of procedure

start of purge (nust separate noise fromstart of purge)
first reading of 31.0 liters/mnute

first reading of 35.0 liters/mnute

1 liter of purge

ATL shalH did not delay the initiation of testing to provide itens
2 through 4, but item1 sheuld-be was inplenented with the first

test. Also—if-AFL—cannere—quickly provide second-by-second purge—

The d ayton electric dyno wH—be was used for both the ASM series
and t he | M40.

2.3 Procedure Details

The d ayton dyno w-ll—be was used for both the 1 M40 and the ASM
series. The dyno horsepower settings for the ASMs test are listed
in Attachnent 1. The horsepower and inertia weight settings for
the | M40 witl—be were as normally perforned. The mininuminertia
wei ght setting (2,000 |bs.) shatHl—be was used for the ASM.

Manual transm ssion vehicles wlH—be were tested in second gear for
both the ASMb015 and the ASMR525. The 50 nph road | oad node wHH-
duse used the top non-overdrive gear, typically 4th gear on a 5-
speed, 4th gear on a 4-speed, and 3rd gear on a 3-speed.

The engi ne w-tH—be was shut off prior to the I M40 and the ASMB015
(as will normally be done by I/Mprograns to connect the purge

neter), regardl ess of which procedure +s was perforned first, and
restarted just prior to initiating these procedures. The engine
should was not be shut off between nodes, and the vehicle should-be
was pet **cars did not return to idle**accelerated fromthe

current node up to the next node speed, without first returning to
zero.

The ASM em ssi on sanpling period and the canister purge flow
nmeasurenent period are were as foll ows:
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1. The exhaust em ssion measurenent period for each ASM node wH-
begin was begun after the vehicle speed has had achi eved the

nom nal speed (15, 25, or 50 nph, and O nph idle) 2 nph. The
sanpling period w-lH—continue- continued for 30 seconds after the

exhaust sanple first gets got to the anal yzer sensor. The em ssion
scores for HC, GO QO 2 & NO witH—be were reported every second for

30 seconds on each nmode. CO 2 is was not absol utely necessary, but
s was desirable.

1. Each ASMnode was initiated after the vehicle speed had

achi eved the nom nal speed (15, 25, or 50 nph, and O nph idle) +2
nph. Once up to speed, sanpling of one second average
concentrations continued for 40 seconds. Emi ssion scores for HC
CO QX and NO were reported for each second. Eni ssions scores for
the first 10 seconds of each nmode were ignored to allow the
dynanoneter to stabilize and to allow for the transport of the
exhaust to the anal yzer.

sanpting—periodfor—each-mede— The purge flow reported was the

second by second cummul ative fl ow over the entire ASM cycl e,

i ncl udi ng transi ent accel erati ons. The nom nal acceleration rate
should be was 3.3 nph/sec., with a mninumaccel eration rate of 1.8
nph/ sec and a maxi nrumof 4.3 nph/sec. The table belowlists the

m ni num nom nal, and maxi num accel erati on tines used to accelerate
fromone node to another. For exanple, the table shows that the
time to accelerate from25 nph to 50 nph should be 7.6 secs., but
can take as long as 13.9 secs., and as little as 5.8 secs. The
zero to 60 nph tinme is provided to indicate how the specified
acceleration tines relate to a coomonly known reference of vehicle
per f or mance.
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Tinme to Accelerate fromto:
Accel eration 0-15 15- 25 25-50 0- 60
Rat e nph nph nph nph
(nmph/ sec) (secs) (secs) (secs) (secs)
M ni mum 4.3 3.5 2.3 5.8 14.0
Nomi nal 3.3 4.5 3.0 7.6 18. 2
Maxi mum 1.8 8.3 5.6 13.9 33.3

- During the accel erations between nodes, the dynanoneter | oad
setting shal- did not exceed road | oad.

3.0 Lab Recruitnent

Li ght duty vehicles that received all of the | ane tests (1M40, ASM
series, and Arizona |I/Mtest), wlH—be wererecruited for testing at ATL’s
| aboratory. Cars shall—be were categorized as passing or failing using the
| M40 cutpoints in the table bel ow
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Phoenix—tane M40 Cut poi-nts—for—Lab Procurenent

Phoeni x Lane | M40 Cutpoints for Lab Procurenent

Model HC Co NOx
Year s g/mle g/mle g/mle
1983+ >0. 80 >15.0 >2.0

The followi ng table provides Fhe the laboratory recruitment goals for the
pass/fail categories are listed as a percentage of the total nunber of cars

recruited to the lab for this task. AF—should-t+ry to keepthe reecruitment—
bal-anced—

: , , os

Mpdel  HGCO  HOQCO  PRNO  PRENO  TBLNO  TB-NO
1986+ = 10% 10% 10% 10% 10% 10%

Phoeni x Lab Recruitment Goals Using Lane | M240 Categories

Mbdel HC/ CO HC/ CO NOx NOx
Year s Pass Fai | Pass Fai |
1986+ 15% 15% 15% 15%
1983- 85 10% 10% 10% 10%

4.0 Conmercial Repair Recruitment

Vehicles that fail failedthe Arizona |I/Mtest, and have had recei ved an
I M40 and an ASM series, shall—have their owners were offered $50 to return
for these lane tests after comrercial repairs. Omners of vehicles that
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failed the Arizona I/Mtest, and received and | M240/ ASM series, were offered

$50 to return to the lane for after repair tests. These vehicle owners wiH-
were only be reeruited offered this incentive if they refuse refusedto
participate in the laboratory testing programor if their vehicles are were

not needed for laboratory recruitnment. Recruiting vehicles for |aboratory
tests s was a higher priority than for commercial repair participation

The owners areto-be were informed that they nust return with repair
receipts indicating repairs by a comrerci al establishnent with item zed
| abor and parts costs to qualify for the $50 incentive. ATL w-H—inelude-
i ncl uded either the original receipts or copies in the vehicle test packets
that are—were provided to EPA In addition, ATL provided sumrari zed
comrents and data for these vehicles seperately.

Vehi cl es returning after comrercial repairs w-H—foeH-ow fol |l owed the
procedur e- sequence al gorithm previously di scussed.
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5.0 Lab Procedure

The lab procedure is sumrmarized in Appendix—=2 Attachnent 2, so this
section will only add explanations to the procedure listed in Appendix—2-
Attachment 2.

5.1 Two G oups
The vehicles recruited to the lab wlH—be were separated into two groups:

1. Those whose initial |ane test was the | M40 anaéitt+—be were repaired
to | M40 targets. For the vehicles in this group, the |1 M40 al ways
precedes the ASM series (see Appendix 2).

2. Those whose initial |ane test was the ASM series andit—be were
repaired to ASMtargets. Currently, there—are There were not enough
data to set ASMrepair targets, so | M40 target sitt+—be were used
until ASM targets can be devel oped. For the vehicles in this group,
however, the ASM series al waysprecedes preceded the | M240 (see
Appendi x 2).

The order of testing for ASMs and I M240s s was switched for the two
groups to avoid any bias that may occur by having one procedure always
follow the other.

** We Didn't devel ope ASMrepair criteria so there was only one group, or
maybe two groups. Those with initial I1M40's repaired to | M240 targets and
those with initial ASMs repaired to | M240 targets. For these groups |I am
not sure that the test sequence was always the sane or always changed to

avoid bias that m ght occur by having one procedure always follow the other.
* %

5.2 Repair Targets

The repair targets are were to achieve 0.8/15.0/2.0 on the 1 M40 for both
the ASMtargeted group and the | M40 targeted group. Initially, repair
targets wH- were to be provided to ATL for the ASMtargeted group to
repl ace the 1 M40 targets . However, due to time and data constraints this

proved i npossi bl e. —that—wH—be—wereinitially usedforthatgroup—

For the initial repair attenpt, the mechanic wi-H- was only be aware of
the lane 1 M240 score for both vehicle groups (initial |ane test: ASM or

| M240) . Aft-er—ASM-r-eps ar-ge are—devel-opedi—therechan on

10
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¢ the ﬁ he fi . I hi el
whose—initialtanetest—wasthe ASMseries—— Likewise— for For subsequent
repair attenpts, the mechanics wH- were only be aware of |ane and | ab |1 M40
scores. of—ASM scores—dependi-ng—on—whi-ch—group—the particularecar—is—ia——
FTP scores wH- were not be provided to the mechanics for either group. and

Repairs w-ll—be werelinited to $1, 000.

11
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5.3 Laboratory Test Equi pment

For the ASM series, anal yzers conparable to the anal yzers specified for
the lane testing should-be were used. |M40 and FTP w-H—be were nmeasured
with a CVS system which wH- was also be used for the CVS specified ASM
series listed in Appendix 2. The ASM series procedures w-H—folHow fol |l oned
the | ane procedures as cl osely as possi bl e.

**to repl ace 5.3 above**
Due to tine and financial constraints EPA was unabl e to devel op | ab ASM
capability. The IM240 and FTP were neasured with a CVS system

12
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QC Steps for ASM Anal ysi s Dat abase

Second by Second ASM Tol erance Checks:

e Speed Tol erance - = 15%of nomnal speed for Mdes 1,2,3. Alows
for tol erance exceedences of |ess than 3 seconds in
duration

Al so checks Idle for Mddes 4,5

e Mde Length - Checks to ensure that each node contains at |east 20 and
| ess than 30 "stabl e" seconds.

* Hp/ Torque Tol erance - Conpares required and actual Hp and Tor que and
flags differences > +10%

Second by Second | M240 Tol erance Checks:

e Speed Tolerance - =+ 4 nph at + 1 sec of Nominal Speed Trace.
Al ows for exceedences of |ess than 3 seconds in
durati on.

Max of 70 nph, Mn of O nph

» Background Concentration Tol erances - Fl ags Bkgd outside the foll ow ng
ranges:
1.8 < HC < 10.0
-10.0 < O < 30.0
- 0.5 < NXx <1.25
0.0 < 002 < 0.15

Background flags were ignored for the
anal ysi s.

e Test Length - Checks to ensure that the full 240 seconds are present

« Distance Tolerance - =+ 5%of nom nal distance

Bag 1: 0.532 < dist 1 < 0.588
Bag 2: 1.393 < dist 2 < 1.469

* Fuel Econony Tol erance - F ags fuel economes < 10 npg and >50 npg

e Sanple Continuity and Integrity - Ensures that the sanpling is
continuous (i.e., sec(l) =1 for I =1 to 240) and that gram and
concentration values are non-zero (HC, GO and G2 all cannot be zero
for fuel econony calculations or dilution factors).

Non-zero concentrations not mandatory for Phoeni x data 'cause
concentrations are cal cul ated not neasured.

13
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Conpari son of Conposite and bag results cal cul ated fromthe second by
second data with conposite and bags results received from ATL.
D fferences of > 10%are fl agged

Fl ow Data QC

Conpari son of second by second purge flow to purge flow and pass/fai
status reported by ATL. Al significant differences were flagged.

Vehi cl es exhibiting a constant purge rate were flagged. Purge data
rounded to nearest 0.01 liter/sec were used.

Bag | M240 Tol erance Checks:

Bag-1 enmissions (HC, GO and NXx) and fuel econony are conpared to the
correspondi ng Bag-2 results (based on regressi on anal yses previously
perforned on the |ndiana data).

Bag | M240/ FTP Tol erance Checks:

Conposite I M40 em ssions (HC, GO and NOx) and fuel econony are
conpared to the corresponding FTP results (based on regression
anal yses previously performed on the |Indiana data).

Dynanonet er Loadi ng Tol erance Checks:

The test weights and horsepower settings nmust be within 10%for tests
perforned on each vehicle.

Vehi cl es > 4000 | bs all exceeded this tol erance because of the

capacity of the dyno. These cars were not renoved fromthese
anal yses.

14



