CRC DRIVEABILITY WORKSHOP

FINAL REPORT

CRC Project No. CM-138-18-1

SWRI® Project No. 0324785

Prepared for:

Dr. Christopher J. Tennant

Coordinating Research Council
5755 North Point Parkway, Suite 265
Alpharetta, GA 30022
ctennant@-crcao.org

Prepared by:
Stanislav Gankov, Research Engineer

Sankar Rengarajan,Group Leader
James Fritz, Sr. Technician

Southwest Research Institute
6220 Culebra Road
San Antonio, TX 78238

April 17, 2020

@’ Benefiting government, industry and the public through innovative science and technology


mailto:ctennant@crcao.org

TABLE OF CONTENTS

LIST OF FIGURES ... .ottt rte e sttt e e s ettt et e s smmee s s e bttt e e e e s ensbbe e e e e s smmne s snnnnbeeeens i
LIST OF TABLES ... eiieii ittt ettt ettt e e s et e ettt e e e e s st bt e e e e e e aa ke eas b bt e e e e e e anbbee e e e e e e ans e nnsbbeeeeeennnees v
1. LN I (@ 1151 1 I 0 1 P 2
2. (@] O 1 S TSP 6
2.1 VENICIE PrEPaIatiON ... .cccciiiiiiiiiie i iiieeeit ettt e e et e e e e ab b e e e s s s e e et e e e e e s annbbeeeeeeean 6.
2.2 L= 1o ST =1 (=T ox 1T o U UPTRPPPUP Y 6
2.3 TraiNiNg MAEEITAL .......eeee it e e s s e e e e e e e s b e e e e e n e 7
2.4. Trainee Availability and SChedule.............oooiiiiiee e 8
2.5 Fuel Analysis and TranSPOrtatiOn..............ooiiieiiiiemen e s s e e e e er e eeeeeeeesenenres 10
3. V@ 24 S = [ = PRSP 10
3.1 (@Y= V= PP 10
3.2. IS =S R= g o [ @] Lo =1 g L= 12
4. WORKSHOPFINAL TESTDATA ANALYSIS ... vemmr e e e 13
4.1. Key Quantitative Review Concepts, Process, and Evaluation..............cccceveeeeecevvviiiineeneennnn. 13
4.2 PartiCipant TESE RESUILS........coiiiiiiiiiiie e iiee et e et e e et e e e e s rmnee st breeeeeeaees 20
4.3 Qualitative Results and Feedback.............ou e 21
4.4. Additional CoNSIStENCY TESHNG. .....ciiiutriiiieeiiiiree et reei e e s e e e e e eeanneeas 21
5. TAKEAWAYS AND RECOMMENDATIONS. ...ttt sttt ettt e et sseemee e snnnaeeea s 24
5.1 VBNICIE. ... e ettt eeeaa bbbt bt ettt ettt e e e e e e e eeereneeeeeaeas 24
5.2, L 1 (<] = T PP PP RRPP 25
53 Recommendations for Future Training and Workshops..........ccccccvveiiicecieene e, 25
6. CONGCLUSIONS. ...ttt ettt ettt e e e s et e e es bt e e e e e s abbbeeeeee e s s benestbeeeeeeeaanbbeeeeeessnbnnnnes 26
7. CLOSURE ..ot i ettt ettt e e e e sttt eeet e e e e e s antbe e e e e e e ssbbsemas e e e e e e aasbbeeeeeeesnbbeamnnseeeeeennes 26
F e o V1 Gt PRSP 27
A d e = N5 G 33
A d e = N5 G 52
N e N0 PPN 57

SwRI Final Report 03.24785



Figure Page
FIGURE 1: CRCE-28-94 DRIVEABILITY DATA SHEE Tt iitiiitiiitiiitiiitiettesimmesstetteestsstsssteesasinnntetttestassntesneesnesssinen 2
FIGURE 2: FORD FUSION 2014V EHICLE USED FOR THEPROGRAM .....ituiitiitieiieeeiieitseemmtaestsitesnessnssnesninnnransssesnsd 4
FIGURE 3: CONTROLLER TABLET INTERFACE . ....uuiitittiitetttettsrmniestsstsstessesstssstnnntssstssttesnestnttsneesnimensasssniesns 5
FIGURE4: RATER TABLET INTERFACE(LEFT: IDLE RATING; RIGHT: HESITATION, STUMBLE, SURGERATING) ........... 6
FIGUREDS: DRY HANDLING L TRACK .etutttiiitiiitiiitietteettsiemetetteetesstesteestssssaenssessessssesnessnsssnsssmsessssssnsesneesnessnnes a
FIGURE6: ENTRANCE TODRY HANDLING 1 COURSE AT THEPROVING GROUNDS.......ccvuiiiiiiiitieeeeicseeeeeneseaneeeenns 11
FIGURE 7: TECHNICIAN (JAMES FRITZ) CONTROLLING MALFUNCTIONS SEATED IN TRICK CAR ....ouvvvviiiiiiiirneereeeenas 12
FIGURE 8: RATER L EVENT DISTRIBUTION. ... tttuuttttatetsuststnsstemmsasssssassssssessnessssiaeess s sessnsessnnsestaseesmmsressaesesnnns 14
FIGURE O: RATER L OVERALL RESULT S ..t ituiitiiittiiti ittt cesmta et et s et st ssaa s et seeae s saaseansetassansean st rmerstnseansetsranns 15
FIGURE 10: FINAL CALIBRATION USED FORHESITATION EVENT TESTING ....cvuiiiiiitiiiiciieeiiee e e e e et e e e e e eaeas 15
FIGURE 11: RATER L1 HESITATION EVENT RESULTS. . uuiittiii ittt ieeett ettt st et s et e s mee s s st s sb e sassn e enessmmans 16
FIGURE 12: CALIBRATIONS TESTED FOR ASTUMBLE BVENT . ceuiiiii it rree et e st s e e e s b e nanas 17
FIGURE 13: RATER 1 STUMBLE EVENT RESULT S, ot tituiittiiiiiie ittt ieemtae et et e eats st esae s st sanmstssan s st sstesnsstesrnnnessns 18
FIGURE 14: FINAL CALIBRATION USED FORSURGEEVENT TESTING....iuuiiiiiiiniiiiiieitiirmmtneeteeieetiestesnssssnenssneas 18
FIGURE 15: RATER 1 SURGE EVENT RESULTS ... .iietiiiit ittt ee et eme e e e s e st s et e e et s smeme s s s et s sebsssansssbnessananns 19
FIGURE 16: FINAL CALIBRATION USED FORIDLE QUALITY TESTING....uuutuuiieieeeeeeeereeeesimnneeseseessnssnnnnnnaeesessmanananses 19
FIGURE 17: RATER L IDLE BEVENT RESULTS...cuuiitiiiiiiieietee et ceeee s e e e et s e st ee st sssbmmas s s ssaasssta s estassesnsssnnmstnseenanss 20
FIGURE 18: RATER 1 NO TRIGGEREDEVENT RESULTS. .. ituiitniitiiteiteeteimmsetsseasstesaesssssnsennmts s sstsesessnssenserns 20
FIGURE 19: RATER 4 EXTENDED TESTING OVERALL RESULTS. . iuuiitiiiiiitieitieeieesieesetsetaessasssnsesnessnsssmnsresnessnssenss 22
FIGURE20: RATER 4 EXTENDED TESTING DETAILED RESULTS. . ituiitiiitniitiiieitetmee s e et setssassasenssnmnnseanssnnesnns 23
FIGURE21: RATER 1 EXTENDED TESTINGPRACTICERUN . ... ettt ceeme e et e et sseee s e s e e e e sberanas 23
FIGURE22: RATER 1 EXTENDED TESTING OVERALL RESULTS(EXCL. INITIAL RUN) ...ovvviiiiiiiiiiiiieeiiieesiiieeee e 24
FIGURE23: RATER 1 EXTENDED TESTING DETAILED RESULTS. . ctuiitiiiiiiiiiie it smee s et et st s et s s s smmnn s sansebenans 24
FIGURE 24: RATER 1 EVENT DISTRIBUTION. .. .tuuitutttittnittneetnetrmetssneesnettsessnsstsssssnmsssssnsstneesnessiesteeesimnnssstnerns 28
FIGURE 25: RATER 2 EVENT DISTRIBUTION. . .tuuttuttutitneitneetes meessneesnestnesansssssssssnmnssssnsstsessssseesssesssmnnsnsetnernns 28
FIGURE 26: RATER 3 EVENT DISTRIBUTION. . .tuituttuiitnettntetnetrmeessaeesnettnesansssssssssnmnssssnsstsessessiestesesssmnnssetnernns 28
FIGURE 27: RATER 4 EVENT DISTRIBUTION. ...uutiitutitttneeitteestsceeesssaeestnesasasestassssmnssssssnssstassssssssesnssinnmstnessenaees 28
FIGURE 28: RATER S EVENT DISTRIBUTION. ...uuuiituitttneeietesstnieeeesssneestnesssnsestassssmnssssssssssstassesssssesnsrmnmstneerensees 28
FIGURE 29: RATER L OVERALL RESULTS .. iittiiitieiit ittt e s em e e set e e st e e st e e st seeessaa s saansssba s sassssssnmnssetasssenneees 29
FIGURE 30: RATER 2 OVERALL RESULTS .t iiitiiiitit ettt ettt ceemtae et e s s et e et e saa s et asees s st seaa e et s st seasss e ssnseansernsees 29
FIGURE 31: RATER S OVERALL RESULTS ot iiitiiiiiitiiteet sttt cermta e et e s s et e st s st s et amees s saa s e s s et s st seanssbmeesanseansetneees 29
FIGURE 32: RATER 4 OVERALL RESULTS .t iiitiiiiiitieiiet sttt ceemtae et e s s eaa e et e saa s et amees s staseaa s ettt seas s s meesanseanserneees 29
FIGURE 33: RATER D OVERALL RESULTS .ot itiiiiiit et ee ittt ceemt et e e e e e et e e e et e es s e s s e e s e et s e b e et e s bmnnes s s eanseraeen 29
FIGURE34: RATER 1 TESTDETAILED EVENT RESULTS. .. itiitiitiiiiii et s e e e e et e st e e s e et s semas s s s e esn s s e eansebnees 30
FIGURE 35: RATER 2 TESTDETAILED EVENT RESULTS. .. itiitiiiiiiii it ee e s e et e e e et e st e e e et s semaa s s s e ssnesanseansebnees 30
FIGURE36: RATER 3 TESTDETAILED EVENT RESULTS. .. itiitiiiiiiit it iet e meee et e et et e e e et s semns s ssn e st e saneeaneebaeeen 31
FIGURE37: RATER A TESTDETAILED EVENT RESULT S .. itiitiiitiiiiiiit et s mees s e e et et e e e st s remns s ssn e et e saneeaneabneeen 31
FIGURE38: RATER 5 TESTDETAILED EVENT RESULTS. .. iiiuiiiiiiiitiee et e e e e e sttt e et ee st e s st s ssemssan e ssnnsestaesesnnees 32

LIST OF FIGURES

SwRI Final Report 03.24785



LIST OF TABLES

Table Page
TABLE 1: DRIVEABILITY EVENTS AND SEVERITY LEVELS....ciitiiiii e eem e e e e et e et ememe et s e e e e e et eeeanes 3.
TABLE 2: TRAINING SCHEDULE .....u.iiuuititeettteettiaeeee st eeetaesaan e stanestmmassasannaetaaestnessnssmnmssnneestnseesnnessnneessnnans 8
TABLE 3: RESULTS OFFUEL TESTING. ..ceuuiiituieiiieeitiieettieaeee et e e e et e e et e e st e s ammmta e ssaeestnaaean s sansaannessnaeennsessnnnanrnns 9.
TABLE 4: SEVERITY KEY ESTABLISHED TOCAPTURE SENSITIVITY DIFFERENCES. .....ccuuiiiiiiitiieeeeeriimmnrineeeeannnneenns 17

SwRI Final Report 03.24785



EXECUTIVE SUMMARY

CRC has used trained raters to assess vdihigleability performance and has conducted
rater workshop programs the pasto train and calibrate raters. Such a workshop has not taken
place since 2002seeCRC Report No. 631 2002 CRC Driveability Workshognd there is a
limited number of available trained rateBouthwest Research Instit(®wRI) hasdevelopeda
it r i @véhicleuaderCRC Project CM13817that could be used to trigger driveability events
on-demand Thistrick carwas used to conduct a driveability workshomasart of this program.

The workshop was conductedthé Continental test track ldvalde, TXover the course
of one week Novice and inexperienced personmwetre trained and calibrated on the CRC
Driveability ProcedureE-28-94. A trained rater who has rated on previous CRC programs
conducted the training. The training included a classrdiscussiorfpllowed by demonstrations
of driveability malfunctions. The trainees were then tested on their ability to detect the
malfunctions.

Four diveability events at three different severigvels as shown inTable 1 were
demonstrated by theehicle.Test cita was collected for each trainee amgedormance analysis
was completedResults are summarized in this repémtmost caseghe accuraciesachieved by
the traineesluring the testvere5-15% lower tharthose for expert raters who helped calibrate the
trick car. Challenges were noted with the stumble malfumcti® help further understaride new
rater® performanceand toidentify potential issuesadditional trainingand analysisook place
beyond tle required scope @fork andprovided possible explanations for performavnaeations

The trick car has proved to be an important training tool that can be incorporated into future
driveability programs. The car can help the group of raters becomaauedswith a baseline
demonstration of driveability events at different levels of severity. This could be done as practice
for driveability maneuvers, ahead of raters gaining familiarity with the test vehicles. The
participants also highlighted the importa of the classroom portion of the training, as
documented inAppendix 3. The participants may have benefitted by having a round table
discussion on their experiencesnducting maneuvers and experiencing different events and
severities on the track. This sharingkoiowledgebetween participants is typical during a CRC
driveability program but was né¢asibledue to our compressed schedule at the track. Based on
theirfeedback, we conclude that a combination of classroom, in vehicle (trick car) and round table
discussion would benefit rater performance and the overall accuracy of the ratings for a CRC
driveability program.
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1. INTRODUCTION

CRC has developed a system and nomenclature to discriminate between different

driveability eventsThe E28-94 procedurevasused for this workshog shown inFigure 1 and

the malfunctions and severities that can be assigned to a proeedghf®wnin Table 1.The

method has been used for decades, but no new raters have been trained to replace existing CRC
raters.The trick car, developed by SwRI for CRC proj€d-138-17, is show in Figure 2 This

vehicle allows for executing malfunctions-demandhrough a tablestyle computemterface A

second tablet is used tecordar a t gradidgsofeach maneuveA detailed description of the

vehicle and driveability cdroller functionality can be found in the final report for €\38-17,

which can be accessedhdtp://crcsite.wpengine.com/wgntent/uploads/2019/05/Clu38 17-1-
FINAL-REPORT_Oct2018.pdf

Driveability Data Sheet - CRC E-28-94 Run History
Temperatures
Run No. Car Fuel Rater Date Time Soak Run Odometer T.W. Demerits
| I | [ | | | |1 [ |
Starting Time, Sec Idle Park Idle Drive Owerall

Initial Restart 1 Restart 2 Ruf Stls Ruf Stls
L] (I L] (I (I
0.0 0-15 LT TH 0-15 LT TH 0.1 0-20 WOT 0.2 0-15 LT TH 0-15 LT TH 0.310-20 LT TH 0.4 0-20 MD TH
H S B H'S B H s B H s B H S B H S B H S B
E T SKAD ETSKATD ETSKATD ETSKATD ETSKATD ETSKATD ETSKATD
S M GFCC SMGF CC SMGFCC SMGFCC SMGFCC SMGFCC SMGFCC
e e e e ey A 0 e o B N
0.5 Idle Dr.
Ruf Stls
0.5 015 LT TH 0-15 LT TH 0.6 0-20 WOT 0.7 0-15 LT TH 0-15 LT TH 0.810-20 LT TH 0.9 0-20 MD TH
H S B H'S B H S B H S B H S B H S B H S B
E T S KAD ETSKATD ETSKAD ETSKAD ETSKAD ETSKAD ETSKAD
S M GFCC SMGFCC SMGFCC SMGFCC SMGFCC SMGFCC SMGFCC
e e e oo e e
1.01dle Dr. 1.0 0-45 Crowd 1.4 25-35 Detent 1.5 Idle Dr. 1.5 Idle Dr.

H'S B H s B

ETSKATD ETSKATD 5 Sec. 30 Sec.
Ruf Stls SMGFCC SMGFCC Ruf Stls Ruf Stis

I I A I

Comments:
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Table 1. Driveability Events and Severity Levels

EVENT SEVERITY

Hesitation | Trace| Moderate| Heavy

Stumble Trace| Moderate| Heavy

Surge Trace| Moderate| Heavy

Idle Quality | Trace| Moderate| Heavy

The workshopwvas organizedo familiarize untrained personnel in becoming driveability
ratersusing the trick car as a training todn experienced rater went over the procedure,
malfunctionsaccelerator pedg@ositions, and other guidelinesth eachtrainee A technician was
sated in the back of the vehicle and controlled the trick car malfunciitvesexperienced rater
demonstrated driving the procedure to each trami@ée describing each malfunction as it was
executedThe traineevasthenasked tadrive the vehiclerepeaably follow the procedureand
identify any malfunctions they experience. The trainees were initially corrected by the experienced
rater and the technician. To compléte training they were tested on their ability to identify a
randomizedset of malfunctions.

A stall event does not categorize into the severity levels as mentiohatlel since the

event results in a stopped engine. These were not demonstrated during Stepatough they
are obvious to detect and were discussed with the trainees.

SwRI FinalReport 03.24785 30of 26



Figure 2. Ford Fusion 2014 Vehicle used for the Program

Figure 3 shows the tablet interface of the technician who controls the trick car
malfunctions.This interface allows them to modify the behavior of ¥ikdicle by selecting the
malfunction severity anassociated maneuver throtflde technician selects a malfunction, which
is activated when the driver pedal input exceeds a specified thre$heldechnician is also able
to monitor theacceleratopedalpositionangpr ovi de f eedback on a dr
(tip-in vs. rolkin, magnitudestability).

SwRI FinalReport 03.24785 4 of 26
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Figure 3. Controller Tablet Interface

Figure4 shows two views of the rater tablet interface. During the training, the experienced
rater would record the trainga®sponses on this tablehile seated in the front passenger seat
The tablet presesieventsperthe CRC E28-94 procedurdFigure1l). An explanation othese
events can be found iAppendix 1 (Definitions and Explanations, and Driveability Quick
Reference)During idle eventspnly idle severities are presented as available options. During
acceleration eventsraters have theoption of selectinga hesitation, stumble, and surge
malfunctions as well as their associated severities. Data from this taldghehronized with the
vehicle controller tabletRigure 3). This is useful for data processing, where triggered controller
events are compared to the logged rater resgo
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4/6/2018 2:01:07 PM [ 0

Rater 1 WV

Maneuver

Idle Park
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Heavy
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4/6/2018

Rater 1

Tim

e
2:51:14 PM

v

Moderate
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0.00-15LTTH

acqrate StartDAQ/Log

Heavy Heavy

Extreme Extreme

Figure 4: Rater Tablet Interface (Left: Idle Rating; Right: Hesitation, Stumble, Surge
Rating)

2. OBJECTIVES

1. Lead a workshop to train novice personnel to be driveability raters using the CRC

trick car

2. Track and provid¢he progress of participants to CR@ject leadership

2.1.  Vehicle Preparation

In preparation, basimaintenance (oibnd filter change wipers, visualinspection) and
replacement of both rear tiraerecompletedThe vehicle was then driven to the SwRI test track
to verify driveability malfunction controller operation. Both operator and rater tablets were
connected to the vehicle, and the vehicle teasdriven,with the drivervarying pedal positions
and testingll the malfunctions. The vehicle was not driven by a trained rater, but malfunctions of
varying severities were observedligth the driver and technician operating the malfunctions.

2.2. Track Selection

The track selected for this program is @entinenta Uvalde Proving Grounds, located at
6969 FM 117 (Batesville Rd), Uvalde, Texas 78801. Specificalyptiggdandling#1 coursevas
used and is showin Figure5. The track isonemile long and provideanapproximatelyl 700foot
straght-away (highlighted in yellow) with available turnaround points show in inTed.whole
straightaway was to be used for the workshbpt physical inspection of the track revealed
inadequate road conditions at the extreme endispath Theentird y o f
surfacewas thus utilized for the workshop. Cones were placed at ewsgtenth of a mile to
indicate maneuver starting positions. These were organized to allow for crowd maneuvers to take
place on thestraightaway (seeAppendix 2 for maneuver descriptionskxclusiveaccess was

requested tallow for travel in either directian

SwRI FinalReport 03.24785 6 of 26
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Figure 5. Dry Handling #1 Track

2.3. Training Material

Training guides and references were sourced or created for this workshop and used to help
train the ratersThey are listed below arateincludedin Appendix2 of this document.

1 Training Outline
A high-level approach to the training.

1 TrainingAgenda
A breakdown of the workshop by theur. Thiswas the process followed to train new
raters.

1 CRC DriveabilityProcedure

Detailed document describing the driveability proceduresyegtep, includingngine
operation,maneuversgescriptions of throttle positions, malfunctions, severities, and
demerits.

9 Driveability Quick Reference
A compact venen of the Driveability Procedure document, this outlinesottle
positions, malfunctionsaandseverity levels

1 Q&A from rater

A list of questions was compiled by workshop leadership, and these were answered by
the experienced rater. These responseggea valuable conversational reference to
help in understanding the procedures and what to look for during rating.

9 Driveability Worksheet
CRC E28-94 Data Sheet
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2.4. Trainee Availability and Schedule
During vehicle preparatigrit was noted that a full day of training might be overwhelming
for trainees (see secti@?). Still, spending as much time in the vehicle as [sss necessary
to properly calibrate a rateh training schedule was compiled to allow for a reasonable length of
training (enough for a basic understanding of the procedure, maneuvers, and malfuaciibos)
allow for breals between sessions. A fina¢rsion of the schedule can be seefhable2.
Table 2: Training Schedule
Day1 Day 2 Day 3 Day 4 Day 5
Trainee #1 Trainee #1 Trainee #3 Trainee #3 Trainee #4

Lunch

Trainee #2 Trainee #2 Trainee #4 Trainee #5 Trainee #5

A workshop agenda (included ppendix 2) was formulated with inputs from SwRI
engineers, CRC project leadership, and the expert tatesas decided that a traineater would
lead workshop activities and use the trick car as a tool for demonstrating the procedure and
malfunctions. Tk f i nal agenda called for a short dcl ¢
general information about the procedure. The expert naterdd then demonstrate throttle
positions and run the cycle while describing the rating process. The trainee would then practice
driving the cycle. Malfunctions would be introduced at a consistent severity level (to learn the
vehicl eds b ethnaalfuncton), aditlren diffgrenesaverities would be introduced for
each malfunction. This would be followed by driving the cycle with randomized malfunctions and
severity levels. During this process, feedbaesprovided by both the controller techraai (as
to what malfunctions were triggered), as well as the expert tader {0 follow the procedure,
things to look and feel for, and overpérformancg

Bruce Henderson participated as the trained rater for the proBragespent nearly 35
years n roles for the BFAmoco Fuels Technology group. He has a background in conducting
vehicle performance tests including octane and driveability evaluations and developing and
improving rating methodologies. He contributed n@any programs testing fuel compition
effects on vehicle driveability and octane requirements.

The following individuals (in no particular order) participated as driveability trainees
Their companyaffiliation is indicated in parenthesis:

Marie Valentine (Toyota Motor North Americhc.)
Lucio Dominguez 11l (Intertek)

Joe Lohmann (Relndependent consultgnt

Chris Eisenhauer (Southwest Research Institute)
Sergio Gonzalez (Southwest Research Institute)

E R I
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Table 3: Results of Fuel Testing

I\?;I]';A d Test Units Value
D5191 RVP? psi 7.61
DVPE psi 7.48
D2699Mdp RON ON 93.8
D2700Mdp MON ON 84.5
D381 UnWshdGm mg/100mL 6.5
WashdGum mg/100mL  <0.5mg/100mL
D4052 API@60F 57.49
SPGr@60F 0.7487
Dens@15C g/ml 0.7484
D5599 EtOHVol Vol% 9.8312
EtOHWt W1t% 10.4248
TtIWt W1t% 3.62
D86 IBP deg F 106.7
Evap_5 °F 129.1
Evap_10 °F 135.1
Evap_15 °F 139.6
Evap_20 °F 143.8
Evap_30 °F 151.2
Evap_40 °F 162.2
Evap_50 °F 2154
Evap_60 °F 238.6
Evap_70 °F 259.2
Evap_80 °F 289.5
Evap_90 °F 328.6
Evap_95 °F 357.1
FBP °F 417.3
Recoverd mL 98.7
Residue mL 0.9
Loss mL 0.4

1 D5191 Scope: This test method covers the use of automated vapor pressure instruments to determine the total vapor
pressure exerted in vacuum by-aimtaining, volatile, liquid petroleum products and liquid fuels, including
automotive sparkgnition fuelswith or without oxygenates and with ethanol blends up to 85 % (volume fraction) (The
precision using 1 L containers was determined in a 2003 interlaboratory study (ILS); the precision using 250 mL
containers was determined in a 2016 ILS.). This test rdathsuitable for testing samples with boiling points above

0 °C (32 °F) that exert a vapor pressure between 7 kPa and 130 kPa (1.0 psi and 18.6 psi) at 37.8 °C (100 °F) at a
vaporto-liquid ratio of 4:1. Measurements are made on liquid sample sizes rartge from 1 mL to 10 mL. No

account is made for dissolved water in the sample.

°The RVP result reported alculated with the EPA equation.
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Figure 6: Entrance to Dry Handling 1 Course at the Proving Grounds
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Figure 7: Technician (James Fritz) Controlling Malfunctions Seated in Trick Car

3.2. Issuesand Concerns

Though weather conditions wertavorable overall (partly cloudy skies without
precipitation), differences in temperature conditions must be noted as they likely attributed to a
variation intrick car vehicle performanc&lorning temperatures began in the low U9 with
high relativehumidity of above 80%. At its hottest in the late afternoon, temperatures reached into
mid 90s with lower humidity.

The biggest concerduring training was the effectiveness of the stuminlalfunctions
Though hardware and calibrations were unchanged f©d/1-13817, triggered stumbles were
often not felt, particularly for trace and moderate severiBestly as a result of these concerns,
further testing was done with two of the trainees and is discussed in SedtiBesults from this
testing linkweatherconditions as the likelgausebehind this difference in performance, though
other considerations were brought &or example, transmission shift points affect the vehicle
response and what the drivaltimately feels. This is dependenfior one,on throttle position
Slightly different throttle positions that b
transmission shifting at differemehiclespeeds. This shift may coincide with a triggered stumble
malfunction producing unexpected behavitmdeed, vinen the accelerator pedgl-in position
correspondedtbo he upper end of whahtwohrdtbéedpnshede
shifted intoa higher gear during trsgumble
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Another point is the age of the vehicle and its flyide y dr aul i c, power st
which could change vehicle behavior. This is compounded wikier variables, such as
temperaturewhich alsochangedluid viscosities.Adaptive learn on the vehicle has not been
explored buimay also have an effedturther, the vehicle is only used for infrequent testing and
training; it isotherwisekept outdoors and idlédence, while he malfunction controller and its
calibrations perform in a repeatable manner, these factors are likely to contribute to differences in
trick car vehicle performance.

Many of these challenges would be present in most vehicles and in driveability tdsting
any other vehicleDespite this, it should be noted that the issue of most concern affects just one
of the malfunctionsAdditional testing(includedin 4.4) showed better vehicle performancéeTl
conclusion drawn id.4 suggests the trick car will provide the best performance when calibrated
and tested at the same environmental conditi@ostrollerenhancements® compensate for some
of these factors could be developed in the futongrovide even better repeatability

4. WORKSHOP FINAL TEST DATA ANALYSIS

The analysis will compare triggered events wiker response§.he data analysis and
associated conclugis will be explained in detail for RaterThis pattern for analysis can be used
to examine the other data sdEsich trainee was tested the sameattern of malfunctions and
severitiesthough more runs were completed by sorameesf time allowed.

4.1. Key Quantitative Review Concepts, Process, and Evaluation

Thetestevents were distributeasshown inFigure8. A random event generator algorithm,
developed in CML38-17, was used to achiettee more even event distribution.

1 A hesitation, stumble, or surge is listiedthe figureif one of those malfunctions
was executed, regardless of the severity.
1 Idle events are executed by defaulsixof thetotal 22 maneuversas listedn the
E-2894 procedure Therefore,the percentage of idle eventould deviate
somewhat fromhat of theother malfunctions.
A Aiclearo i s executed i f no malfuncti on
Data errors occur when there is an undefined or unhandled exception; these occur
in relatively w instances and are therefore discarded from the analysis.

= =
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Totals (All Severities)

Hesitations Fl 17 15%
Stumbles 1 20 18%
Surges A 26 24%
Idles i 24 22%
Clears A 22 20%
Data Errors | 1 1%
Total Maneuvers | 110| 100%

Figure 8. Rater 1 Event Distribution

Figure9 shows the overall results for Rater 1 for each event, where the percentages are a
weighted accuracy. The weights were calculated by dividing the number of times a specific event
was triggeredy the total number of events.

e e s 0,0 0 QR QO OO Qf £ .
0 'Q "WAMNQ OE W W 6 1@ GO0 WOe—QE£——— ZOWWOoO1lT WWwW
YE o w&TL Q& O |

ACorrect Event 0 me diedscorréctlye regardiessndf seveatys For d e n t
example, when a hesitation event was triggered, the rater repdre=station event8 of the
time, as seen ifrigure9. If the rater markedn executeé vent as fAcl ear o, it i
rater did not correctly identify the everftherefore, a lower percentage, such as that for the
stumbles, could indicate either a confusion with other events (a stumble rated as a hesitation or
surge), or lowerates of detection (rater did not feghalfunction).

The idle eventsd o no't have a 0 c csinae eatets caanoteraidled0 a c c u
maneuvers aanother evenfTherefore, Rater 1 correctly identified the severity of the idles 54%
of thetime.Iti s worth noting, however, that the wvehi
controller did not enable a rougher i dle (mar
be rating the vehi cl endrssevertt chcakn iradHuideer, #neabtock h ¢ o u
vehicle sometimes produces an i dl e itthratc edo uldd
from the controller does not produce a smoother. idléhe rater deems the idle to be indeed
Aimoderateo, thisrwecul delveadttyo amtiingcars reco

The&l éar o percentage reflects the number of
did not trigger a malfunctioin most casesdlle events are the causeeoh i ncorr ect fAcl €
for rea®ns explained abov®ther timesduring pedal maneuvert)e stock vehicle may itself
produce gitter that could bepicked up as a driveability malfunction.

ACorrect Severityd means that both the tri
correctly. ForRater 1, they detectediggeredhesitation 94% of the timeegardless of how they
rated its severity. However, theprrectly identifiedboth the hesitation event and its triggered
severity29% of the time.
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OVERALL RESULTS

E Correct Event @ Correct Severity

94%

HESITATION STUMBLE SURGE IDLE CLEAR

Figure 9: Rater 1 Overall Results

While potentially useful at a high level, there are many limitations to drawing conclusions

basedomar at er 6s overall wei ght e dalsabeanalgzgdatanevdne r ef o

level.
Hesitations
Calibrations used for testing hesitations are showrrigure 10. Like stumbles, the

difference between trace and moderate severity events was about 150 milliseconds, while the
heavy hesdtions weranore spread apart.

HESITATIOMNilliseconds)
Severity
Trace Moderate Heavy
Light| 410 570 1000
Throttle Moderate| 440 520 1000
Wide Open 230 360 730

Figure 10: Final Calibration used for Hesitation Event Testing

Figurellshowsa det ai |l ed breakdown of Rater 16s
fexecuted evento columns represent the event
r e s p o wsrapiesent the logged responses of the raters. For example, the second column titled
N He s i tindibdtesleveryime amoderatéesitation malfunction was enablddl% of the time,
the rater labeled it a trace. They correctly identified the moderataties29% of the time, and
rated it heavy 43% of the time, while 14% of the time they rated it as a different event altogether,
regardless of severity.

It is worth pointing out that the number of events executed is relatively smallfi@aly

trace,sexenmoderate, antlve heavy hesitations were executed during the entire test. These can
skew first impressions about the results. Although 20% of heavy hesitations were kategcas
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hesitation this representsist one rated malfunctiof20% of 5 runs) Thus, thisdatais useful for
seeing patterns but not necessarily drawing concrete conclusions.

Executed Event
Hesit. Trace Hesit. Mod  Hesit. Hvy
< [clear 0%| 0% 0%
2 Trace 0%]| 14%]| | 20%
& |Moderate | 100%| | 29%| | 20%)
% Heavy 0%|_: 43%)| | 60%
X |Incorrect Event Rated 0% U 14% 0%
Total Number of Tests U SID 7 U 5
Average Rating (Value) 3.0 3.3 3.4
Deviation 0.00 0.75 0.80
Correct EventHxcl. Cleays t 94%
Correct Event and Severity Ij 29%

Figure 11: Rater 1 Hesitation Event Results

Some inferencesanstill be made fromFigure11. First, the rater was able to pick up on
the hesitationgverall with a high accuracyRarely (in fact, only once) dithe raterincorrectly
call a hesitation asithera stumble or a surge, and they were able to detect everymialflsction
(never cding atriggeredh e s i t at i. HowevérctHeie precigio)s off and implies they are
more sensitive than the trick car calibration: trace hesitations were rated more severely (as
moderates)and moderates tended to be rateldser tofiheavyp. Heavy fesitations were more
consistently rated the highe&xtreme severities were never called during the testing and are
therefore not included in the graphics.

To help with understanding these tendencies, an average rating (value) has been assigned
to each sverity, as shown iffable4. Trace hesitations, idealbveraging aR.0,were rated such
that their average value 3s0, implyingthe rater tended to rate thesere heavily. The 3.3 rating
for moderate hesitations (ideally 3d@ain says the rater tended to rate these more heavily as well.
The 3.4 rating for heavy hesitations efaugheal | vy
but did perceive them to be more severe than the others

The accuracyor the consistencyof responses s captured in ,the dnd
described irEquationl. A deviation of zero implies all values match the méidns can be seen
in the trace hesiteons of Figure 11, where all responses, although not accurate, were very
consistent. In contrast,lagh deviation value would suggest a large spread in respdhisalf.of
responses were fAclear o0, mavaldewbudb@reatestat® fnHheavyo

Equation 1. Response Deviation Calculation

GO QMWMOAWOL QU QO diI Q& v Q
YQU QIYQO0 @HD0 QI HOB Q: Q
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Stumbles

Table 4: Severity Key Establishedto Capture Sensitivity Differences

1.0
2.0
3.0
4.0
5.0

Clear

Trace

M

oderate

Heavy

Extreme

The final calibration for the stumble event is showrFigure 12. The upper part of the
chartshows the duration of power drowhile the bottom part shows the actual drop in pedal
percentagelhe raters have a tight band in whicldistinguish a trace versus a moderate severity.
For example, trace severity for a light ttil® maneuver has a duration of 230 milliseconds. For
the same light throttle maneuver, a moderate severity has a duration of 390 milliseconds
difference ofl60 milliseconds. A moderate to heavy severity has a more noticeable difference of
about 400 mliseconds

STUMBLE DURATION (MILLISECONDS)

Severity
Trace | Moderate | Heavy
Light] 230 390 800
Throttle Moderate| 200 310 690
Wide Open 380 470 700
STUMBLE PEDAL DROP (PERCENT)
Severity
Trace | Moderate | Heavy
Light 50 50 80
Throttle Moderate 50 50 80
Wide Open 70 75 85

Figure 12 Calibrations Tested for a Stumble Event

Figurel3s hows
detectionof stumblesfor all raters during the workshop in genesahuite low Trace stumbles
were almost nevedetected. Moderate stumbles were detected more often, but also had the
tendency of being called a different event altogether. Heavy stumbles were more perceptible, but
the deviation value shows that the severity is not consistent. Possible issues vitestumthe
trick carduring the workshoprediscussedn sections3.2, 4.4, and5.1
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Executed Event

Stumble TracsStumble Mod Stumble Hvy

< [clear | 80%| | 25%| | 29%
2 |Trace 0%| | 13%| | 14%
& |Moderate [ ] 20%| | 25%)| 14%
% Heavy o%l  o%_ | 20%
X |Incorrect Event Rated 0% u 38% U 14%
Total Number of Tests H SID SID 7
Average Rating (Value) 1.4 2.0 2.5
Deviation 0.80 0.89 1.26
Correct EventExcl. Cleays lj 40%
Correct Event and Severity I] 20%

Figure 13: Rater 1 Stumble Event Results

Surges

Final calibrations used fdhe surges are shown figure14. The amplitude dictates the
attenuation from the base pedal value. A frequency of artwadhertzwas usedacross all
severities. The total duration dictated how long tmge event lasted.

SURGE
Severity
Trace| Moderate | Heavy
Amplitude (percent] 19 25 50
Frequency (Hertz 2.1 2 2
Total Duration (secondg 2.1 2.6 4

Figure 14: Final Calibration used for Surge Event Testing

Rater 106s detail ed shigurgls. Theraemdedabng for tiacee s h o v
stumbles, although a perfect 2.0, is misleading because of the inconsistency of responses. Nearly
half of executed trace surges were not detected at all, while those that were detected were not
consistently rated. Moderatergeswere all detected, but more consistently rated higher than the
executed malfunctignsome more rater calibration i&ely needed. Heavy surges were well
detected with high accura@nd precisionlt is interesting to note that none of the surge event
were rated as another eveas @hesitation or stumble).
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Executed Event
Surge Trace Surge Mod  Surge Hvy
< [clear . e 0% 0%
2 | Trace n 18%| 13% 0%
& |Moderate [ | 21| B a8%| | 14%
% Heavy [] 9% | 50| 86%
¥ |Incorrect Event Rated 0% 0% 0%
Total Number of Tests D 11 D 8 D 7
Average Rating (Value) 2.0 3.4 3.9
Deviation 1.04 0.70 0.35
Correct EventExcl. Cleays t sj_%
Correct Event and Severity .j 42%

Figure 15. Rater 1 Surge Event Results

Idle Quality

The final idle calibration is shown Figure16.

IDLE
Severity
Trace| Moderate | Heavy
Spark Timing (degree
before firing TDC 8 15 25
Random noise limity +£5 +10 +15

Figure 16: Final Calibration used for Idle Quality Testing
The idle events for Rater 1 are showrFigurel7. The heavy idles are obvious enough

that they are consistently rated correctly. Moderate idles likely need a bit more rater calibration,
as it woul d be preferable to see fewem of
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problematic due to reasons discussed at the beginning of this analysis, but overall performance is

reasonable.
Executed Event
Idle Trace Idle Mod Idle Hvy
< |clear 44% 0% 0%
Z |Trace 22% 33% 0%
o
¥ [Moderate 33% 56% 0%
% Heavy 0% 11% 100%
¥ |Incorrect Event Rated 0% 0% 0%
Total Number of Tests 9 9 6
Average Rating (Value) 1.9 2.8 4.0
Deviation 0.87 0.63 0.00
Correct EventHxcl. Cleays - 83%
Correct Event and Severity . 54%
Figure 17: Rater 1 Idle Event Results
Cleas

The combined accuracy when no events were triggered was &8utThis means that

when the

operator

di d

not

tri

gger

a

ma |

funct

Trace, moderate, or heavy responses of any malfunction (hesitatimbjestsurge, or idlefated
fre listedarFigure BBVAs praviously explained, most of theeorrect clear
responses can be attributed to the idle eveatabling a clear idle on the controller does not
produce amoother idle on the vehiclEor this rater, excluding incorrect idlesponsesesults in
accur awaouldalso seé & Z8% ingptovement irr tlae ttlear results
if the idle events were not included.

during a

a nNncl ear o

4.2,

Clear

Clear
Trace
Moderate
Heavy

Rater Respons

Incorrect Event Rated

73%
14%
14%

0%)

Total Number of Tests

22

Figure 18 Rater 1 No Triggered Event Results

Participant Test Results

Detailed test results can be foundAippendix1. The following generalizes theutcomes

1 Most raters were able to correctly identify hesitations over 95% of the time, and
correctly identified the severity in roughly-3@% of cases.
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1 Raters were able to correctly identify stumbles4P06 of the time, ath correctly
identified the severity in roughly 20% of cases.

1 Raters were able to correctly identify surges over 70% of the time, and correctly
identified the severity in roughly 35% of cases.

1 Raters were able to correctly identify the idle severities ier ®0% of cases,
though this does idear$ ude fAiincorrectlyo

These highlevel numbers carry significant nuances and should not be solely relied upon
to draw conclusions. It is recommended that the detailed results are reviewed for a more accurate
representation of the success of the workshop.

4.3. Qualitative Resultsand Feedback

A survey was conducted at the conclusion of the workshop. Feedback was provided by the
traineesand are summarized belo@ompletequestions and responses to the surveys can be found
in Appendix3.

Some commomatters addressed in tresponsekighlight the importance of

1 The classroom portion of the training to the trainees in understanding the procedure
and recognizing the meanings of terminology

1 Interactions with the trained rater, to include

1 Demonstration by the instructor of procedures and maneuvers

1 Help from the instructor in identifying events and their severities

Other responses focused on:

9 Overall confidence in conceptual understandindrofeability testing, maneuvers,
and severities

1 Good experience with the expert rater

1 Positive feedback on the track, but some confusion with cone placement

1 Comfort with safety but concerns about not wearing seatbelts. This practice was
carried over frontheexpert raters itM-13817.

1 Overall the trainees weremmewhat confident itheirability in rating vehicles, with
everyone asking for more sdane in the vehicle

4.4. Additional Consistency Testing

Beyond the training workshop, SWRI undertook a sdpdraining andestingstudy with
two of the rater§ Raterl and Rater 4Fixed severity testing was performedfurther confirm
rater consistency and understand issues with the stuchinlesy theworkshop.This mirrors an
exercise performedith expet ratersin CM-13817, in which only moderate severity evefaad
clears)were triggered. Raters were not aware of this test methodology.

The testing took place on the SwRI test track. Though track conditions are not favorable
for driveability rating, one placement was modified slightly from the standard convention of 0.1
mile-increment placement to avoid rough patches and minimize feedback from th&oozasl.

SwRI FinalReport 03.24785 210of 26



cones were thus placed further, and some closer, than the recommendatk Gntrement.
Nongheless, trials and testing confirmed that drivers had plenty of driving and stopping distance.

The first rater(Rater 4)was tested in the morningghen theambient air temperatureas
in the70s. They were given two practice runs during which the procedureewas/ed andvere
given immediatéeedback onvhich malfunctions were triggeréahich included trace, moderate,
and heavy sevdres). They were then tested @everaltest runswith al malfunctions at the
moderate severity

It was noted byboth the driver anthe malfunction technician thathicle performance
appeared to be differenf.h e r cwverafiresdlts can be seen kigure19, while their detailed
numbers are found ifigure 20. The moderate stumblegere perceived more often by both the
driver and technician.

1 Hesitations were correctly identified 98% of the tifsempared to 100% during
the workshop)

1 Stumbleswnere correctly idetified 57%o0f the time (comparetb just 20% overall
and 25% for moderate stumbles)

1 Surgeswere correctly identifie®3% of the time(compared to 72%verall and
89% for moderate surges

Overall, results seem to indicate improvement ovewtbr&shop test results, but this could
be attributed to either increase in performance of the driver or the tric@aever, accuracy
was still quite low. Their deviation (except for the stumbles) was close in accuracy to their
performance at the worksho

OVERALL RESULTS

H Correct Event Correct Severity

98%
83%

HESITATION STUMBLE SURGE IDLE CLEAR

Figure 19: Rater 4 Extended Testing Overall Results
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Executed Event

Hesit. Mod

Stumble Mod Surge Mod

Idle Mod

Clear

Rater Respong

Clear
Trace
Moderate
Heavy

Incorrect Event Rated

2%
41%
45%
12%

0%

39%
18%
30%
9%
5%

2%
23%
50%
20%

5%

22%)
38%)
40%
0%
0%

83%
15%
2%
0%

Total Number of Tests

49

44

44

45

59

Average Rating (Value)

2.7

2.1

2.9

2.2

Deviation

0.71

1.04

0.74

0.77

Figure 20:

Rater 4 Extended TestingDetailed Results

Performance seemed to change yet again when the next rater (Rater 1) drove the vehicle
later in the afternooduring their practice runsvhen ambient temperatures had climbed into the
upper 80s. At this time, the moderate stumbles were not perceived at all, and many of the heavy
stumbles wer@ot as severas they should have begseeFigure2l).

Stumble Mod Stumble Hvy

Rater Respons

Clear
Trace
Moderate
Heavy

Incorrect Event Rated

100%
0%
0%
0%
0%

33%
50%
17%
0%
0%

Total Number of Tests

6

6

Figure 21: Rater 1 Extended TestingPractice Run

At this point he Raterwas asked to continue testing on a different, cooler, dayen
ambient temperatures were in the upper 60s to low@0erall results for this testing are shown
in Figure22. Again, performance improved, particularly for the stumble malfunctions.

T
)l
T

Hesitations were correctly identifie®% of the time(compared to 94% during the
workshop overall and 86% for moderate hesitations)

Stumbleswere correctly identified5% of the time (comparetb 40% overall and
38% for moderate stumbles)
Surgeswere correctly identified4% of the time(compared t83% overall and
100% for moderate surges)

More surges during this testing were incorrectly identified by the ratstuasbles and
could indicate a need for more trainigke Rater4, severity accuracy was still low, and could
indicate a need for moteaining.
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75%

HESITATION

STUMBLE

OVERALL RESULTS

l Correct Event

84%

Correct Severity

SURGE

IDLE

68%

CLEA

R

Figure 22 Rater 1 Extended Testing Overall Results (excl. Initial Run)

Executed Event

Hesit. Mod

Stumble Mod Surge Mod

Idle Mod

Clear
Trace
Moderate
Heavy

Rater Respons

Incorrect Event Rated

| 63%

0%
0%
32%

5%

18%
40%
23%
13%

8%

0%
12%
40%
32%
16%

8%)
25%
58%)
10%

0%)

Total Number of Tests D

il

19

1 \‘

40

25

™

40

Average Rating (Value)

3.7

2.3

3.2

2.7

Deviation

0.47

0.93

0.68

0.75

Figure 23. Rater 1 Extended Testing Detailed Results

The extended testingppears to point to the difference ambient temperatures as the
reasonbehind poor surge performance during the workskope performance improved when
tests were conducted at lower ambient temperatureso(® the trick car was calibrated when
temperatures were in the §08he ratersstill showed accuracy deviation at the severity |elwed,
overall accuracies are not significantly worse when compared to expertératefsi x e d

testing (see CML.38-17).

5.

5.1.

malfunctions ordemand wasmportant for showing different malfunctions and severities to
trainees. Further, the connected controller and rater tablets provide avgtlodd for data

TAKEAWAYS AND RECOMM ENDATIONS

Vehicle

sSseve

The trick car provided a valuable tool for the training of raters. Its ability to enable

collection and synchronization. As data analysis methods for these tests evolve and improve, this
allows for relativelyguick numerical feedback on the raters.

Vehicle performance was not flawless, as discussed in Se@id@rend 4.1 Ambient
temperature variations appeared play a role in vehicle behaviogiaspduring the stumble
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malfunction. There are many variables within the vehicle itself that make it difficult to aghieve
perfectly reproduciblexecution, and test results are just a snapshot of a certainnratenry
specific conditions. There areamy degrees of freedom, and conditions will cause a difference in
vehicle performance.

The expert rater provided feedback that the vehicle and rater tablet were simple to get used
to. The experienced techniciaworks toc ont r o | t he v e hbutctheeraiimg mal f
procedure cantherwisebe followed as if the trick car was a normal vehicle.

5.2. Raters

Learning the cycle ismportantbut driving the cycle correctly (i.e. with proper pedal
positioning and movement) is paramount for consistent driveatalitng. Raters must be experts
in precisely controlling their foot position. Of further note to the physical capabilities of raters,
differences in physique and driving positions need to be considénegrocedure itself involves
many abrupt acceleratis anddecelerations anchting many vehicles would involve significant
seat time. A rater should be capable of enduring these conditions, which can lead to exhaustion
and motion sickness.

During this workshop, raters were professional and performed to a suitable level. They
were able to understand the procedure, asked questions about unclear actions and situations, and
worked well with the experienced rater to understand the procedures.

5.3. Recommendations forFuture Training and Workshops

Certain considerations must be recogdi further optimize training in future workshops.
In order to reduce variability between workshops, it would be optimal to both calibrate and use the
trick car in similarclimatic conditions. Besides trying to match weather conditions outdoors, the
trick car could be used on a dynamometer in a cliroatgrolled facility if a dyno is deemed
acceptable for rating.

One possibly useful addition to the trick car is a throttle position ga&igeh a device
could be useful feedback to the rater on their aibsgedal position, the manner in which they
press into the pedal, and the stability of their pedal during acceleration. Similar to the vacuum
gauges used in other driveability workshops and studies, this could be both a useful ol and
distraction drivers may become fixated on the gauge, alter their throttle based on the reading, and
pay less attention to vehicle performance.

If a new vehicle were considered, a different model with other components could be
studied. For example, the transmission is thick car was noted as a possible problem spot. Gear
changes are somewhat rough and mirror a triggered malfunction in the form of a stumble. A
smoother transmission could eliminate this variable. Also, a turbocharger produe&seaon
acceleration. Aaturally aspirated engine may reduce this effect. These changes could allow the
driver to focus solely on the created malfunction, and less on vehicle behavior that is specific to
the trick car.

This first workshop with this trick car showed that it canabeery useful training tool
Beyond just training raters, the trick car could be used as a reference vehicle in future driveability
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studies. For example, after rating some number of other esh&lrater could drive the trick car
and experience a set of malfunctions to help

6. CONCLUSIONS

The driveability ratingvorkshopconducted as part of this programas successful. The
experience helped five traine@sderstand the CRGEB-94 driveability procedure, proper driving
technique for rating vehicles, and the behavior of a vehliotiergoingspecific malfunctions.
Analysis of the traineesdé tests, as weldl as ¢
results that were in some cases comparable to those of experienced raters. Causes for lower
accuracies for some situations were investigated, and key variables that likely resulted in trick car
performance differences were identified.

Severalfuture derelopmentsvould be valuabléor the advancement of driveability rating
efforts
1 A request common to all trainees was for mibaening timein the trick car. The
schedule of this workshop allowed fobasic understanding of driveability rating,
but more practice is needed to adjust and calibrate raterswworkshop may be
scheduledo provide more training texistingor new participants.

1 Effortsmay be made to explore the effectiveness of paiftg driveability training
and studies on a dynamometer, particularly in a clirnatgrolled facility. This
would remove some intractable variables that have been shown to cause
performancevariationin the trick car.

1 The E2894 procedure is outdateld was developed in 19%br vehicles of the
time. Cars have evolved substantially, and a redesign may be necessary. While the
procedure sequences maneuvers in a way
generate too much engine heat too quickly, it doésarsider newer technologies
like autocrank starting, AWD/FWD, selectable transmission modes, tractions
control, and CVTs. Further, the method for establishing throttle positions needs
review.

1 Finally, the trick car was calibrated from the combined liee& of two expert
raters, who themselves have different sensitivities. It may be desirable to develop a
new trick car calibration that is reflective of a different audiesaeh as the general
consumerFor example, more raters (to include tieavly tranedgroup) could be
surveyed to determine if there is a consensus on rating severities. In addition,
polling the general public could be beneficial, since such a group represents the end
user.

7. CLOSURE
SwRI would like to thank the CRC and its memberddoding this effortand is excited

to participate in training new driveability ratelisyou have any further questions, pleasatact
StanislavGankov atsgankov@swri.or@r at (210) 5226206.
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APPENDIX 1
PARTICIPANT TEST RESULTS
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Totals (All Severities)

Totals (All Severities)

Hesitations 17 15%| |Hesitations 30 23%
Stumbles 20 18%| |[Stumbles 18 14%
Surges 26 24%| |Surges 26 20%
Idles 24 22%| |ldles 26 20%
Clears 22 20%| |Clears 30 23%
Data Errors 1 1%| |Data Errors 2 2%
Total Maneuvers 110| 100%| (Total Maneuvers 132| 100%

Figure 24: Rater 1 EventDistribution

Figure 25. Rater 2 Event Distribution

Totals (All Severities)

Totals (All Severities)

Hesitations 25 16%| [Hesitations 24 18%
Stumbles 32 21%| |Stumbles 25 19%
Surges 33 21%| |Surges 29 22%
Idles 31 20%| |ldles 29 22%
Clears 31 20%| |Clears 25 19%
Data Errors 2 1%| |Data Errors 0%
Total Maneuvers 154| 100%| [Total Maneuvers 132| 100%

Figure 26: Rater 3 Event Distribution

Totals (All Severities)

Hesitations 38 22%
Stumbles 29 16%
Surges 34 19%
Idles 29 16%
Clears 43 24%
Data Errors 3 2%
Total Maneuvers 176| 100%

Figure 28: Rater 5 Event Distribution
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OVERALL RESULTS

E Correct Event @ Correct Severity

-
81% -
54%
42%

STUMBLE SURGE IDLE

94%
| ]
29%

HESITATION

Figure 29: Rater 1 Overall Results

OVERALL RESULTS

E Correct Event @ Correct Severity

96% T
[ ] 76% ]
] 55%
32 41% 45% u
: 22%

HESITATION STUMBLE SURGE IDLE

Figure 31 Rater 3 Overall Results

OVERALL RESULTS

H Correct Event @ Correct Severity

1%
| ] -
__ 35%
2% 479

STUMBLE SURGE IDLE

HESITATION

Figure 33. Rater 5 Overall Results
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Figure 30: Rater 2 Overall Results

OVERALL RESULTS
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Executed Event
Hesit. Trace Hesit. Mod  Hesit. Hvy Stumble TracsStumble Mod Stumble Hvy [Surge Trace Surge Mod Surge Hvy [Idle Trace Idle Mod Idle Hvy Clear

g Clear 0% 0% 0%| 80%)| | 25%| | 20%| | 45% 0% 0%| | 24% 0% 0%]| 73%
2 Trace 0%| | 14%| | 20% 0%| | 13%| | 14%| | 18%)| | 13% 0%| | 2% | 33% 0%| | 14%
@ = L Ll - - |- | - E_. -
& [Moderate \ 100%] | 29%| | 20%| | 20%| | 25%)| | 14%| | 21%| | 38%| | 4% | 33%| | 56% 0%] | 14%
£ |Heavy o%| | 43%| | 60% 0% % | 29%| | 9%| | 50%| 86% 0%| | 11%| 100% 0%
¢ |Incorrect Event Rated 0%| | 14% 0% 0% | 38%| | 14% 0% 0% 0% 0% 0% 0%

Total Number of Tests U 5 J 7 SU 5 J 8 J 7 11 SD YD 9 9 6 D 22

Average Rating (Value) 3.0 3.3 3.4 1.4 2.0 2.5 2.0 3.4 3.9 1.9 2.8 4.0

Deviation 0.00 0.75 0.80] 0.80 0.89 1.26 1.04 0.70 0.35) 0.87 0.63 0.00|

Correct Eventixcl. Cled)s B o E | % B s [ R REY

Correct Event and Severity .:I 29%) I] 20% .:, 42%) .:I 54%)

Figure 34: Rater 1 Test Detailed Event Results
Executed Event
Hesit. Trace Hesit. Mod  Hesit. Hvy Stumble TracsStumble Mod Stumble Hvy [Surge Trace Surge Mod Surge Hvy [Idle Trace Idle Mod Idle Hvy Clear

g Clear 0% 0% 0%| 83%)| | 20%)| | 43| | 13%| | 10% 0| 71%| | 11% 0% 73%)
2 Trace | 33% 0% 0%)| | 17%)| | 20% 0% | 13%| | 10%| | 13%| | 29%| | 569%| | 10%| | 20%
2 = B | - LI L - .- L
@ |Moderate | 33| | 33%| | 22% 0%| | 20% 0%| | 25%| | 20%)| | 13% 0%| | 22% 0% 3%
£ |Heavy | 33%| |679%| 67% 0%| | 20%)| | 43% 0% | 60%| 75% 0% | 11%| 90%|| 3%
& |Incorrect Event Rated 0% 0%| | 11%) 0%| | 20%| | 14% 50% 0% 0% 0% 0% 0%

Total Number of Tests D 12D QD 9“ 6/l 5J YJ 8U 10U 8“ 7D 9U 10D 30

Average Rating (Value) 3.0 3.7 3.8 1.2 2.5 2.5 2.3 3.3 3.6) 1.3 2.3 3.8

Deviation 0.82 0.47 0.43] 0.37 1.12 1.50] 0.83 1.00 0.70) 0.45 0.82 0.60|

Correct Eventixcl. Cled)s [ FE | 3% [ B ol 73%

Correct Event and Severity I:l 43% [j 28%) [j 35% .::‘ 50%

Figure 35. Rater 2 Test Detailed Event Results
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Executed Event
Hesit. Trace Hesit. Mod  Hesit. Hvy  |Stumble TracsStumble Mod Stumble Hvy |Surge Trace Surge Mod  Surge Hvy |[Idle Trace Idle Mod Idle Hvy Clear

g Clear B 0% 0%)| | 14% L 83% B 167% g 27% \j} 50%| 0%| 0% 0% 0% 0%l 165%
2 |Trace [ ] 25%| | 30% 0%| | 17%)| | 27%| | 9%l | 33%| | 27%| | 10%| 100%) l679| | 20%m| | 35%
& |Moderate [ ] 25%| | 10%| | 14% 0% 0%| | 9% 0%| | 27%| | 10% 0%| | 20% 0% 0%
% Heavy \ | 500 | 60%]| 71% 0%| 0%| | 55% 0%| | a5%| 80%) 0%| | 13%| 71% 0%
@ [Incorrect Event Rated 0% 0% 0% 0%| | 7% 0%)| | 17% 0% 0% 0% 0% 0%

Total Number of Tests | 8[| 10| 7l 6 15(] 11f] 12[] 11 10f] 9| 15| 7 31

Average Rating (Value) 3.3 3.3 3.4 1.2 1.3 2.9 1.4 3.2 3.7 2.0 2.5 3.4

Deviation 0.83 0.90 1.05] 0.37 0.45 1.31) 0.49 0.83 0.64 0.00 0.72 0.90

Correct Eventxcl. Cleays “6% .___I 41%) r 7|6% -71000/%-:‘ 65%

Correct Event and Severity .:| 32% I] 22% .:‘ 45% .:‘ 55%

Figure 36. Rater 3 Test Detailed Event Results

Executed Event
Hesit. Trace Hesit. Mod Hesit. Hvy |Stumble TracsStumble Mod Stumble Hvy |Surge Trace Surge Mod Surge Hvy [Idle Trace Idle Mod Idle Hvy Clear

g Clear o 0% 0%| 6790 ['s8%|  ["Taswel [ as%( 0% o6 | a0m| 0% [ ] 14% | 60%
§ Trace | 8w | 20w 0% 0%| | 25%| 0%]_| 18%| | 22% 0% | 80%| | 42%| 0% | 28%
& |Moderate \ |6306] | 33%] | 29% 0% 0% | 14%| | 18%)| | 22% | 569 | 30%| | 42%| | 14%| | 12%
% Heavy 0% | 4a%| nw 0%| o] | 14%| 0% | a4l | 44% 0% | 17%)| 71% 0%
X |Incorrect Event Rated 0% 0% 0%| |  33%| | 17%| | 29%)| | 18%| | 11% 0% 0% 0% 0%

Total Number of Tests D 8 D 9 ﬂ 7 H 6 ] 12 ] 7 D 11 U 9 D 9 D 10 D 12 U 7 D 25

Average Rating (Value) 2.6 3.2 3.7 1.0 1.3 2.0 1.7 3.3 3.4 1.9 2.8 3.4

Deviation 0.48 0.79 0.45] 0.00 0.46 1.26 0.82 0.83 0.50) 0.83 0.72 1.05]

Correct EventExcl. Cleays -71000/ I] 20% t ?2% t 8:%% -:I 60%)

Correct Event and Severity -:| 46%) |] 4% I:| 28%) .:| 45%)

Figure 37: Rater 4 Test Detailed Event Results
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Executed Event

Hesit. Trace Hesit. Mod  Hesit. Hvy  |Stumble TracsStumble Mod Stumble Hvy |Surge Trace Surge Mod  Surge Hvy |[Idle Trace Idle Mod Idle Hvy Clear

g Clear Q 25%| 0%| | 8o 80% | 579% Q 30%]_ 54% 0% 0% 0% 0% 0% | 40%
2 |Trace || 19%)| | 20% 0%| | 20% 0% | 10%] | 8% 0% | 8%l | 30% 0% 0%] | 9%
& |Moderate | 3% 0%| | 8% 0% | 14% 0% | 8%]| | 13%| | 15%| 50%| | 55%| | 13%| | 429
% Heavy [ ] 19% 80%| 83% 0%| 0% | 20| 8%| 88% 77%| | 20% 45%| 880 | 9%
@ (Incorrect Event Rated || 6% 0% 0% 0%| | 29% | 40%| | 23% 0% 0% 0% 0% 0%

Total Number of Tests 1) 16 10| 12| 5| 14 10[] 13 all] 13[] 10| 11 gl | 43

Average Rating (Value) 2.5 3.6 3.7 1.2 1.4 2.2 1.6 3.9 3.7 2.9 3.5 3.9

Deviation 1.09 0.80 0.85 0.40 0.80 1.34 1.02 0.33 0.61 0.70 0.50 0.33

Correct Eventicl. Cleas | |7 21% B v B ool | 0%

Correct Event and Severity .] 34% I:I 17%) .:| 35% .:‘ 55%
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APPENDIX 2

WORKSHOP TRAINING MATERIAL
TRAINING OUTLINE
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Training Outline

* The trainees will practice maneuvers and procedures.The trick car to
demonstrate hesitation, stumble, and surge

= A single trainee will operate the vehicle at a time

= A SwRI operator will be seated in the vehicle to trigger driveability
events

= An experienced rater will be seated in the vehicle to give instruction
and direction

= Once the trainees have experienced all the malfunctions and severity
levels, the SwRI operator will string together several malfunctions

* The trainees will then be "tested" on their ability to identify the
malfunctions and discern the severity level

. POWERTRAIN ENGINEERING
SOUTIWEST hEsEARCI TITUTE swri.org

Training Outline

|. Rater outline and discussion of approach to rating vehicles

2. Expose student to most obvious malfunctions to allow understanding
of, and differentiation between malfunctions

3. Allow student to experience all malfunctions at different severities

4. Have student follow the CRC Driveability Data Sheet while exposing
to different maneuvers at consistent severity levels

5. Randomized events, randomized severities, while following the CRC
Driveability Data Sheet

6. Test student abilities to differentiate maneuvers and severities using
the Driveability Data Sheet

. POWERTRAIN ENGINEERING
soumIwEST REEARH RETTUTE swri.org
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TRAINING AGENDA

Driveability Workshop Agenda

Segment

Hour One

Hour Two

Hour Three

Hour Four

Hour Five

Hour Six

Hour Seven

Hour Eight

Title

Introduction/ How it's done

Driving the Cycle

Driveability Malfunction Introduction

Driving the Cycle

Session Two Start

Driveability Malfunction Practice

Driveability Malfunction Practice

Final Assessment

Topic

Introduce workshop approach. Discuss driving
procedure, malfunctions, severity levels

Determine throttle positions and drive the cycle

Use trick car to produce driveability malfunctions and
severity levels

Use trick car to produce randomized driveability
malfunctions and severity levels

Recap first session, Q&A, discuss typical/historical
programs

Use trick car to produce randomized driveability
malfunctions and severity levels

Use trick car to produce randomized driveability
malfunctions and severity levels

Use trick car to produce randomized driveability
malfunctions and severity levels

Notes

Establish expectations and what the approach will be.
Discuss general information about how the procedure
is implemented along with Bruce's experiences with it.
Review the entire E-28-94 Procedure.

Seat time! Bruce demonstrates how to determine
throttle positions and run the cycle. Then the trainee
determines throttle positions and drives the cycle.

Trainee drives vehicle. Each type of malfunction is
created at a moderate level on each type of maneuver.
Then all three severity levels of each type of
malfunction are demonstrated for each maneuver.

Trainee drives vehicle through entire cycle.
Randomized driveability faults and severity levels are
introduced. Trainee receives coaching where needed.
Repeat as time allows.

Discussion on whatever needs more work. Answer any
questions. Bruce will give a brief overview on how
procedure has been used and past programs.

Seat time! Trainee drives the cycle with randomized
malfunctions and severity levels.

Results versus the standard are discussed and areas for
focus are determined and practiced.

Trainee drives vehicle through entire cycle multiple
times. Randomized driveability faults and severity
levels are introduced. Results vs. actual are assessed.
Discuss final scores and final questions/concerns.
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CRC DRIVEABILITY PROCEDURE

REVISED CRC COLD-START AND WARMUP DRIVEABILITY PROCEDURE

E-28-94

A.

B.

Record all necessary test information at the top of the data sheet.

Turn key on for 2 seconds before cranking to pressurize fuel system. Make sure
defrost is on and fan is in "low" position. Start engine per Owner's Manual
Procedure. Record start time.

There may be a total of three starting attempts recorded. If the engine fails to start
within 5 seconds on any of these attempts, stop cranking at 5 seconds and record
"NS" (no start) in the appropriate starting time box on the data sheet. After the
first and second unsuccessful attempts to start, turn the key to the "off" position
before attempting to restart per the Owners Manual procedure. If the engine fails
to start after 5 seconds during the third attempt, record an "NS" in the Restart2
box, then start the engine any way possible and proceed as quickly as possible to
Step D without recording any further start times.

Once the engine starts on any of the first three attempts, idle in park for 5 seconds
and record the idle quality. If the engine stalls during this 5-second idle, record a
stall in the Idle Park "Stls" box, then restart per the above paragraph, subject to a
combined maximum (in any order) of three no-starts and Idle Park stalls. After
all the start-time boxes are filled, no further starts should be recorded.

Apply brakes (right foot), shift to "Drive" ("Overdrive" if available) for 5-second
idle, and record idle quality. If engine stalls, restart immediately. Do not record
restart time. Record number of stalls.

A maximum of three Idle Drive stalls may be recorded; however, only one stall
contributes to demerits. If the engine stalls a fourth time, restart and proceed to
the next maneuver as quickly as possible. It is important to complete the start-up
procedure as quickly as possible to prevent undue warmup before the driving
maneuvers and to maintain vehicle spacing on the test track.

After idling 5 seconds (Step D), make a brief 0-15 mph light-throttle acceleration.
Light-throttle accelerations will be made at a constant throttle opening beginning
at a predetermined manifold vacuum. This and all subsequent accelerations
throughout the procedure should be "snap" maneuvers: the throttle should be
depressed immediately to the position that achieves the pre-set manifold vacuum,
rather than easing into the acceleration. Once the throttle is depressed, no
adjustment should be made, even if the pre-set vacuum is not achieved. Use
moderate braking to stop. Idle for approximately 3 seconds without rating it.
Make a brief 0-15 mph light-throttle acceleration. Both accelerations together
should be made within 0.1-mile. If both accelerations are completed before the
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0.1-mile marker, cruise at 15 mph to the 0.1-mile marker. Use moderate braking
to stop; idle for approximately 3 seconds without rating it.
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F. Make a 0-20 mph wide-open-throttle (WOT) acceleration beginning at the 0.1-mile
marker. Use moderate braking to achieve 10 mph and hold 10 mph until the 0.2-mile
marker (approximately 5 seconds). Use moderate braking to stop; idle for approximately
3 seconds without rating it.

G. At the 0.2-mile marker, make a brief 0-15 mph light-throttle acceleration. Use moderate
braking to stop. Idle for approximately 3 seconds without rating it. Make a brief 0-15
mph light-throttle acceleration. If accelerations are completed before the 0-3-mile
marker, cruise at 10 mph to the 0.3-mile marker.

H. At the 0.3-mile marker, make a light-throttle acceleration from 10-20 mph. Use moderate
braking to make a complete stop at the 0.4-mile marker in anticipation of the next
maneuver. Idle for approximately 3 seconds at the 0.4-mile marker without rating the
idle.

I.  Make a 0-20 mph moderate acceleration beginning at the 0.4-mile marker.

J. At the 0.5-mile marker, brake moderately and pull to the right side of the roadway. Idle
in "Drive" for 5 seconds and record idle quality. Slowly make a U-turn.

K. Repeat Steps E through J. At the 0.0-mile marker, brake moderately and slowly make a
U-turn.

NOTE: Items L-N may be useful only at colder temperatures.

L. Make a crowd acceleration (constant predetermined vacuum) from 0-45 mph.
Four-tenths of a mile is provided for this maneuver. Decelerate from 45 to 25 mph
before the 0.4-mile marker.

M. At the 0.4-mile marker, make a 25-35 mph detent position acceleration.

N. At the 0.5-mile marker, brake moderately. Idle for 30 seconds in "Drive," recording idle
quality after 5 seconds and after 30 seconds, and record any stalls that occur. This ends
the driving schedule. Proceed to the staging area.

Definitions of light-throttle, detent, and WOT accelerations are attached. During the
above maneuvers, observe and record the severity of any of the following malfunctions
(see attached definitions):

. Hesitation
. Stumble

. Surge

. Stall

. Backfire

W A W=
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It is possible that during a maneuver, more than one malfunction may occur. Record all
deficiencies observed. Do not record the number of occurrences. If no malfunctions
occur during a maneuver, draw a horizontal line through all boxes for that maneuver.
Also, in recording subjective ratings (T, M, H or E), be sure the entry is legible. At
times, M and H recordings cannot be distinguished from each other.

Record maneuvering stalls on the data sheet in the appropriate column: accelerating or
decelerating. If the vehicle should stall before completing the maneuver, record the stall
and restart the car as quickly as possible. Bring the vehicle up to the intended final speed
of the maneuver. Any additional stalls observed will not add to the demerit total for the
maneuver, and it is important to maintain the driving schedule as closely as possible.
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DEFINITIONS AND EXPLANATIONS
Test Run

Operation of a car throughout the prescribed sequence of operating conditions and/or maneuvers
for a single test fuel.

Maneuver
A specified single vehicle operation or change of operating conditions (such as idle, acceleration,

or cruise) that constitutes one segment of the driveability driving schedule.

Cruise

Operation at a prescribed constant vehicle speed with a fixed throttle position on a level road.

Wide Open Throttle (WOT) Acceleration

"Floorboard" acceleration through the gears from prescribed starting speed. Rate at which
throttle is depressed is to be as fast as possible without producing tire squeal or appreciable

slippage.

Part-Throttle (PT) Acceleration

An acceleration made at any defined throttle position, or consistent change in throttle position,
less than WOT. Several PT accelerations are used. They are:

1. Light Throttle (Lt. Th) - All light-throttle accelerations are begun by opening the throttle
to an initial manifold vacuum and maintaining constant throttle position throughout the
remainder of the acceleration. The vacuum selected is the vacuum setting necessary to
reach 25 mph in 9 seconds. The vacuum setting should be determined when the vehicle
is cold. The vacuum setting is posted in each vehicle.

2. Moderate Throttle (Md. Th) - Moderate-throttle accelerations are begun by immediately
depressing the throttle to the position that gives the pre-specified vacuum and
maintaining a constant throttle position throughout the acceleration. The
moderate-throttle vacuum setting is determined by taking the mean of the vacuum
observed during WOT acceleration and the vacuum prescribed for light-throttle
acceleration. This setting is to be posted in the vehicle.
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3. Crowd - An acceleration made at a constant intake manifold vacuum. To maintain
constant vacuum, the throttle-opening must be continually increased with increasing
engine speed. Crowd accelerations are performed at the same vacuum prescribed for the
light-throttle acceleration.

4. Detent - All detent accelerations are begun by opening the throttle to just above the
downshift position as indicated by transmission shift characteristic curves. Manifold
vacuum corresponding to this point at 25 mph is posted in each vehicle. Constant throttle
position is maintained to 35 mph in this maneuver.

Malfunctions

1. Stall

Any occasion during a test when the engine stops with the ignition on. Three types of
stall, indicated by location on the data sheet, are:

a. Stall; idle - Any stall experienced when the vehicle is not in motion, or when a
maneuver is not being attempted.

b. Stall; maneuvering - Any stall which occurs during a prescribed maneuver or
attempt to maneuver.

c. Stall; decelerating - Any stall which occurs while decelerating between
maneuvers.

2. Idle Roughness
An evaluation of the idle quality or degree of smoothness while the engine is idling. Idle
quality may be rated using any means available to the lay customer. The rating should be
determined by the worst idle quality experienced during the idle period.

3. Backfire
An explosion in the induction or exhaust system.

4. Hesitation
A temporary lack of vehicle response to opening of the throttle.

5. Stumble
A short, sharp reduction in acceleration after the vehicle is in motion.

6. Surge

Cyclic power fluctuations.
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Malfunction Severity Ratings

The number of stalls encountered during any maneuver are to be listed in the appropriate data
sheet column. Each of the other malfunctions must be rated by severity and the letter
designation entered on the data sheet. The following definitions of severity are to be applied in
making such ratings.

1. Trace (T) - A level of malfunction severity that is just discernible to a test driver but not
to most laymen.

2 Moderate (M) - A level of malfunction severity that is probably noticeable to the average
laymen.

3. Heavy (H) - A level of malfunction severity that is pronounced and obvious to both test
driver and layman.

4. Extreme (E) - A level of malfunction severity more severe than "Heavy" at which the lay
driver would not have continued the maneuver, but taken some other action.

Enter a T, M, H, or E in the appropriate data block to indicate both the occurrence of the
malfunction and its severity. More than one type of malfunction may be recorded on each line.
If no malfunctions occur, enter a dash (-) to indicated that the maneuver was performed and
operation was satisfactory during the maneuver.
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DEMERIT CALCULATION SYSTEM

A numerical value for driveability during the CRC test is obtained by assigning demerits
to operating malfunctions as shown. Depending upon the type of malfunction, demerits
are assigned in various ways. Demerits for poor starting are obtained by subtracting one
second from the measured starting time and multiplying by 5. The number of stalls
which occur during idle as well as during driving maneuvers are counted separately and
assigned demerits as shown. The multiplying x factors of 7, 28, 50, and 100 for idle and
maneuvering stalls account for the fact that stalls are very undesirable, especially during
car maneuvers. A maximum of three total Idle Park stalls and No-Starts are permitted.

Other malfunctions, such as hesitation, stumble, surge, idle roughness, and backfire, are
rated subjectively by the driver on a scale of trace, moderate, heavy, or extreme. For
these malfunctions, a certain number of demerits is assigned to each of the subjective
ratings. Since all malfunctions are not of equal importance, however, the demerits are
multiplied by the weighting factors shown to yield weighted demerits.

Finally, weighted demerits, demerits for stalls, and demerits for poor starting are summed
to obtain total weighted demerits (TWD), which are used as an indication of driveability
during the test. As driveability deteriorates, TWD increases.

A restriction is applied in the totaling of demerits to insure that a stall results in the
highest possible number of demerits within a given maneuver. When more than one
malfunction occurs during a maneuver, demerits are counted for only the malfunction
which had the largest number of weighted demerits.
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When all the factors are multiplied together the following chart of demerit levels is generated.

Demerit levels for: Hesitation/Stumble/Surge/Backfire/Stall

Maneuver Stall Extreme Heavy Medium  Trace
Clear
Light Throttle 50 16 8 4 2 0
Medium Throttle 100 32 16 8 4 0
woT 100 32 16 8 4 0
Detent 50 16 4 2 0
Crowd 50 16 8 4 2 0
For Idle Roughness
Extreme Heavy Medium Trace Clear
8 4 2 1 0
For Idle Stalls

Idle-in- Park | Starting-in-Drive | Other Idle (after moderate throttle or at end of

test)
7 each | 28 | 7

For Starting

No Start| Slow Startl
25 each | t-1%5

The Start time, t, is in seconds.

Only the results (start, start + stall, no-start) of the first three starting attempts in park
count toward demerits.

Only the first stall in drive prior to maneuvering counts toward demerits

Only the first stall in each maneuver, or in each idle subsequent to the start of the
maneuver is counted toward demerits.

Only the highest weighted demerit score from each maneuver is counted.
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DRIVEABILITY QUICK REFERENCE

Coordinating Research Council (CRC) Vehicle Driveability Rating Workshop
Uvalde, Texas September, 2019
Quick Reference to be used with CRC Procedure E-28-94

Maneuver Throttle Positions

(note: the term throttle is used as an equivalent to accelerator pedal)

Light Throttle Acceleration - In a single movement, snap and hold the throttle
position required to accelerate from 0 to 25mph in nine seconds with the engine
soaked to test temperature.

Wide Open Throttle (WOT Acceleration) - Accelerator pedal is pushed rapidly to
the floor as quickly as possible without producing tire slippage (maximum
obtainable throttle).

Moderate Throttle Acceleration - Snap and hold the throttle at the midway point
between light throttle and WOT.

Crowd Acceleration - Performed at a constant manifold vacuum pressure. These
accelerations are achieved using the same vacuum prescribed for the vehicle’s
light throttle acceleration. To maintain constant vacuum, the throttle opening
may need to be adjusted with increasing engine speed and automatic
transmission shifts/lockups.

Detent Acceleration - Constant throttle position and associated initial manifold
vacuum setting that is the maximum obtainable without downshift from the
prescribed road speed with a warm to hot engine. Constant throttle position is
maintained to the prescribed 35mph speed.

Bunny Hops - WOT accelerations and hard braking decelerations to/from a
prescribed speed. Bunny Hops are used to heat up the engine during Hot Fuel
Handling (Vapor Lock) testing. Typically, ten Bunny Hops to 35mph are performed
before parking the vehicle in a soak shed.

Page 1
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