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Executive Summary

Background This report describes the results of a study to identify and evaluate
factors which could potentially cause or contribute to the occurrence of
"Sudden Acceleration Incidents" (SAI). For the purposes of this report
SAI are defined as unintended, unexpected, high-power accelerations
from a stationary position ora very low initial speed accompanied by an
apparent loss of braking effectiveness. The typical SAI scenario, as
abstracted from National Highway Traffic Safety Administration's
(NHTSA) complaint files, begins at the moment ofshifting to "Drive" or
"Reverse" from "Park." Most of the reported SAI terminate in some
form of collision with another vehicle or a fixed object and include
driver statements concerning lack of braking effectiveness. Incidents
which are made known to NHTSA are "Reported Sudden Acceleration
Incidents," hereinafter abbreviated as RSAI. NHTSA's files include
thousands of these reports, including almost every make of vehicle,
virtuallyall of which occurred in vehicleswith automatic transmissions.

The factors which cause and/or contribute to the occurrence of SAI have
been a matter of considerable public controversy and media attention.
To help resolve this controversy and to explore topics not fully
investigated previously, the Administrator of NHTSA ordered an
independent review of the current state of understanding of the SAI
phenomenon in October, 1987. Because of the knowledge and
experience it gained while assisting NHTSA with the Audi 5000
investigation, the Transportation Systems Center (TSC) was chosen to
conduct this review. Ten make/model/year vehicles with above-average
SAcomplaint rates were selected forparticular scrutiny:

Make Model Year

Audi 5000 1985

Audi 5000 1983

Bulck LeSabre 1986

Cadillac Coupe deVille 1985

Chevrolet Camaro 1984

Chrysler New Yorker 1984

Mercedes 300E 1986

Mercury Grand Marquis 1984

Nissan • 300ZX 1985

Toyota Cressida 1984



Although specific make/model/year vehicles are cited above, these
vehicles are representative of a much larger group. Not all of the above
listed vehicles have unusually high RSAI rates; some were chosen so
that the study included certain design approaches which are used
throughout a large number of models produced by the same
manufacturer. Accident investigations and other vehicle tests included
a broad range of vehicles.

Procedure To accomplish this, TSC:

• convened a panel of independent experts in various disciplines
related to SAI concerns to review this material with TSC,

• collected the relevant literature and case documentation on

the vehicles,

• interviewed SAI-involved drivers,

• studied the fuel-systems, braking systems, and driving
controls of the vehicles,

• performed appropriate tests and experiments or arranged for
their conduct at NHTSA's Vehicle Research and Test Center

(VRTC), and

• documented the findings and conclusions.

TSC and the Panel were specifically charged with the responsibility to
consider all of the potentially viable hypotheses as to the causal and
contributing factors of SAI and to specify tests of each hypothesis
through both engineering analyses and experimentation, wherever
feasible.

In the study the following logical assumptions wereused:

• SAI could be the result of a single primary causal factor or
could result from the action of a number of factors which
contribute to or increase the likelihood of an SAI.

• Factors related to SAI occurrence can include power-train
design, brake system design, and vehicle ergonomics
(particularlypedal configuration).

• An SAI must involve a significant increase in engine power,
which could be caused bya failure in an engine-control system
or a pedal misapplication (inadvertent depression of the
accelerator instead of, or in addition to, the brake).

vi
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• If the SAI begins with a vehicle-system malfunction, loss of
control could occur through braking system failure or the
driver's failure to press the brake with sufficient force and/or
the driver inadvertently pressing the accelerator.

• If the SAI is initiated by a pedal misapplication of which the
driver is unaware, loss of control can occur.

• The location, orientation, and force-deflection characteristics
of pedals can influence the probability that the driver will
mistake one pedal for another.

• If the cause of an SAI is an electro-mechanical or mechanical

failure, it should produce evidence of failure.

• If the cause of an SAI is an intermittent electronic failure,
physical evidence may be very difficult to find, but the failure
mode should be reproducible either through in-vehicle or
laboratory bench tests.

• The vehicles studied may or may not share the same causal
and contributing factors.

The study covered:

• engines and their controls, as well as transmissions, to
determine whether and how they might produce unwanted
power;

• the role of electromagnetic and radio-frequency interference
(EMI/RFI) and other environmental variables in stimulating
malfunctions in critical engine controls;

• braking systems, which were examined with a view as to how
they could fail momentarily but spontaneously recover normal
function; and

• the role of human factors or ergonomic control design
considerations which might lead to pedal misapplications.
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Findings

Powertrain In the course of its investigations, TSC encountered a substantial
number of incidents in which malfunctions of the vehicle caused
unwanted and substantial power output. The vast majority of these were
mechanical in nature. These were mainly broken or ill-fitting parts in
the throttle assembly or accelerator linkage whichcaused the throttle to
remain open even when the driver's foot was off the accelerator. In
most cases of mechanical failure, they were easy for an investigator to
recognize.

Electronic faults leading to increased engine power were found to occur
in the idle stabilizer systems of some Audi 5000s. When certain failure
modes occurred in these models, the power-output increase produced
an acceleration of less than 0.3 g for less than 2 seconds. While this
acceleration is significant, it is far less than the full-power conditions
characteristicof SAI. Two experimental studies of driver behavior were
cited which demonstrated that such deliberately induced accelerations
could startle some drivers into making pedal misapplications. In the
other make-models evaluated, the maximum acceleration resulting from
anidle stabilizer fault is less than 0.3 g (producing onlyexcessive creep),
and thus is less likely to startle the driver. It was concluded that such a
fault could not provide the high power characteristic of an SAI, but
could have startled the driver and thereby contributed to a pedal
misapplication leadingto high-poweracceleration.

A few verified instances of cruise-control failure leading to wide open
throttle were reported, but they occurred when the vehicle was already
travelling at considerable speed and their causes were readily detected
in post-incident investigations. In all of these instances, application of
the brake caused the cruise control to disengage andusually allowed the
vehicle to stop without crashing.

Extensive laboratory testing of the operation of cruise controls under
stress from temperature extremes, power supply variations, EMI/RFI
and high-voltage discharges has demonstrated no failure modes of any
relevance to SAI. Analysis of their circuitry shows that for nearly all
controls designed in the past few years, two or more independent,
intermittent failures would have to occur simultaneously to cause
throttle opening in a way that would be difficult to detect after the
incident. The occurrence of such simultaneous, undetectable failures is
virtually impossible. Among the cruise control systems examined in this
study, only one has been shown to be capable of causing throttle
opening as a result of a single-point failure, namely that used on the
1983 Audi. These could conceivably have played a role in a small
number of incidents, but most vehicleswhich experienced SAI were not
equipped with such units and no such failure has ever been documented.
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Braking
system

Failures in other electronic controls, notably fuel-system control
computers, were judged to be incapable of causing the engine power
required to cause anSAI because they do not actuate the throttle on any
car. Substantial throttle opening is required to provide the airflow into
the engine necessary forhighpoweroutput.

Vacuum-hose and other leaks which increase the flow of air into the
intake manifold can produce only small increases in power because the
resulting incremental fuel flow is quite limited. Furthermore, such leaks
should be easily detectable in a post-SAI investigation, but such
evidence hasnot been reported.

In the typical SAI, the driver stated that the vehicle did not stop even
though the brakes were fully applied, and reported brake failure. Yet
the physical evidence which must accompany brake failure was evident
in only a handful of the thousands of SAI involved vehicles reported to
NHTSA. No plausible mechanisms could be identified for temporary,
self-correcting brake failure which are relevant to SAI. Hence, actual
brake system failure plays no significant role in SAI.

Less-than-expected brake effectiveness could be interpreted by the
driver as brake failure. Every vehicle tested showed some increase in
minimum stopping distance when itsthrottle was held wide open during
braking. Factors such as engine power, drive-wheel configuration
(front/rear wheel), front/rear weight bias, and direction of travel affect
both the minimum stopping distance and the required brake-pedal
effort. For three of the tested vehicles, in the extreme
wide-open-throttle test condition, the force necessary to stop the
vehicles in the minimum distance was beyond the capability of weaker
drivers. This condition would be relevant in situations in which the
throttle became stuck open after the driver pressed the accelerator
pedal. It could also be relevant in cruise-control failures resulting in
throttle opening at speed; (however, such failures, in which the cruise
control could be neitheroverriden nor disengaged by pressing the brake
pedal, are seen as almost impossible). This condition could also be
relevant in situations in which the driver has pressed both the brake and
accelerator pedals simultaneously. Weaker drivers may not press hard
enough on the brake pedal to overcome the effect of also pushing on the
accelerator pedal. However, for most SAI, the most plausible cause of
an open-throttle condition while attempting to brake is pedal
misapplication, which is likelyto be perceived asbrake failure.

IX
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Human factors play a large role in the SAI problem. Pedal
misapplications are the most probable explanation for the vast majority
of sudden acceleration incidents in which no vehicle malfunction is
evident. Even in cases where vehicle malfunctions exist which startle or
otherwise distract the driver, it is often pedal misapplicationwhich is the
direct cause of high engine power. It is hypothesized that the high
SAI-complaint rates for certain make-model vehicles are likely to be
related to the following vehicle control characteristics:

• relatively close lateral pedal placements (increasing the
likelihood of pedal misapplication);

• pedal force displacement attributes that result in similarity of
feel (thus reducing the chances that an error will be
recognized);

• pedal travel, vertical offset, and other characteristics which
permit engine torque to exceed brake torque when the
driver's foot overlapsboth pedals; and

• sufficient vehicle acceleration capability to make the
consequences of the error occur before the driver has time to
take corrective action.

Although all of the vehicles with the highest RSAI rates possess the
characteristics, there are some vehicles with these characteristics which
do not have particularly high SAI complaint rates. Othervariables, such
as the angular placement of pedals, engine noise levels, etc. may also
influence the probabilities of occurrence and of prompt recognition ofa
pedal misapplication.

Three potential approaches to reduce pedal misapplications related to
SAI through design changes were identified:

• moving the pedals further apart laterally, thus reducing the
possibility of stepping on both pedals with the same foot or
stepping on the wrong pedal;

• raising thebrake pedal with respect to the accelerator, making
the pedals more distinguishable and reducing the
consequences of steppingon both pedals; and

• installing automatic shift-locks (which require that the driver
apply the brakes before putting the car in motion), thus
eliminating the possibility of engaging the transmission while



the accelerator is depressed, and also effectively training
drivers to use correct foot placement consistently so that
under conditions where the driver is startled or disoriented
misapplications will be less likely.

These design approaches could not completely eliminate SAI, but each
could contribute, alone or in combination, to a reduction in the
frequency of its occurrence. While the majority of automobiles in use in
the United States already have pedal configurations consistent with the
first two approaches, it must be recognized that such configurations may
have other effects on driver braking performance. For example, they
may slightly increase the time required to begin braking. Such effects
must be quantified and evaluated before making any recommendations
for pedal-design changes. A major study of this topic is currently in
progress under the sponsorship of NHTSA's Office of Research and
Development

The automatic shift-lock has been adopted or is being considered by a
number of manufacturers. Reported complaint rates for cars retrofitted
withshift-locks have been lower than for comparable carswithout them.
This approach has no adverse consequences for safety and should also
provide some ancillary benefits, such as preventing unattended small
children from shifting a car out of "Park."
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An Examination of Sudden Acceleration

1.0 INTRODUCTION

1.1 BACKGROUND

In recent years as the term "sudden acceleration" has been popularized by the media, there
has been a trend toward using it in complaints about any incident involving an unexpected
change in vehicle speed, including throttle sticking, excess idle speed, engine surging,
unintended acceleration occurring when the vehicle was already travelling at considerable
speed, etc. This overuse of the term has inflated SAI statistics. To differentiate them from
other types ofproblems with unwanted engine power, "sudden acceleration incidents" (SAI)
are defined for the purposes of this report as unintended, unexpected, high-power
accelerations from a stationary position or a very low initial speed accompanied by an
apparent loss of braking effectiveness. In the typical scenario, the incident begins at the
moment of shifting to "Drive" or "Reverse" from "Park." Most of the reported incidents
terminate in some form of collision with another vehicle or fixed object and include driver
statements concerning lack of braking effectiveness. Incidents which are made known to
NHTSA are "Reported Sudden Acceleration Incidents," hereinafter abbreviated as RSAI.

1.2 OBJECTIVES

Over the past 15 years, the NHTSA has conducted more than 100 separate investigations of
SAI complaints involving more than 20 manufacturers. Forty-four of them have been
opened since 1980, resulting in eleven recalls. Initially they were treated as unrelated
matters with each considered on its own merits and without any attempt at an overview
across the many different makes and models affected.

In order to secure an independent review of the current state of understanding of the
sudden acceleration phenomenon and to explore topics not fully investigated previously,
NHTSA requested that the Transportation Systems Center collect the relevant literature
and case documentation, examine the braking and fuel-system controls of ten vehicles with
above-average RSAI rates, conduct experiments as required, and engage a Panel of outside
experts invarious disciplines to review this material and report itsfindings and conclusions.

This document reports the conclusions of this study based upon information obtained from
incident-involved drivers, review of the literature, examination of the components and
technicaldocuments providedby the manufacturers, extensive measurement of the behavior
of the vehicles under simulated fault conditions at the Vehicle Research and Testing
Center, laboratory simulations of the effects of interference sources on cruise controls,
expert knowledge and panel discussions held at TSC.



1.3 PANEL MEMBERSHIP

Thepanel membership was as follows:

Name Affiliation

John Adams National Institute
. of Standards

and Technology

David Fischer Arthur D. Little. Inc.

John Heywood Massachusetts Institute
of Technology

Louis Wusmeyer Southwest Research
Institute

Raymond Magllozzi Good News Garage

Philip Sampson Tufts University

Gary Stecklein Southwest Research
Institute

Benjamin Trelchel Southwest Research
Institute

Area of Expertise

Electromagnetic and Radio-
Frequency Interference

Analog Circuitry

Engine Controls

Brake Systems

Mechanical Diagnosis

Human Factors

Transmissions

Digital Circuitry

Each panel member's curriculum vitae is contained in Appendix A.



An Examination of Sudden Acceleration

2.0 DATA SOURCES

In the course of the many investigations of sudden acceleration by NHTSA in recent years,
the collection of incident reports and technical documentation has become quite
voluminous. In order to focus this study, detailed technical analysis was concentrated on the
following vehicles for which significant numbers of sudden-acceleration complaints have
been received:

Table 2-1: Listing of vehicles subjected to detailed analysis.

Make Model

Audi 5000

Audi 5000

Buick LeSabre

Cadillac Coupe deVille

Chevrolet Camaro

Chrysler New Yorker

Mercedes 300E

Mercury Grand Marquis

Nissan 300ZX

Toyota Cressida

Year

1985

1983

1986

1985

1984

1984

1986

1984

1985

1984

For eachof thesevehicles the following types of datawere acquired:

1. Complete shop manuals with supplementary electrical wiring diagrams
where available, purchased through commercial sources (Appendix D).

2. Relevant studies performed by NHTSA, its contractors and TSC
(Appendix D).

3. Copies of test reports, studies, or analyses of the sudden acceleration
problem performed by each manufacturer or its suppliers, contractors,
etc., acquired by the Office of Defects Investigation from all of the firms



listed above as well as BMW, Honda, Mazda, SAAB, Subaru, and Volvo.
The letter requesting this information is reproduced in Appendix B.

4. Extensive technical documentation, including proprietary material, was
received for the electrical, braking and engine-control systems. These
responses included complete schematic and parts-layout diagrams for the
engine-control computers and cruise-control system as well as the
source-code listing for control programs. Appendix C contains a copy of
the letters detailing these requirements.

5. Samples of the engine-control computer and (if separate) cruise-control
computer and idle-stabilizer controller were also received.

In addition to the vehicle-specific material listed above, scores of articles from magazines
and newspapers dealing with SAI were acquired and reviewed. Such articles tend to repeat
one another, but several of the more comprehensive ones are included in the Technical
References (Appendix D).

The Society of Automotive Engineers sponsors numerous technical meetings dealing with
technological developments and problems in various types of automotive components. A
number of volumes of conference proceedings have dealt with topics germane to SAI.
These were acquired and are also listed in Appendix D.

The Office of Defects Investigation (ODI) provided its entire database of consumer
complaints of sudden accelerations as well as a sample of a hundred written complaints
including correspondence and other attachments. Arrangements were made with the ODI
Hotline to refer complainants with SAI problems in the Boston area to TSC for more
extensive questioning and follow-up visits where interesting problems arose. Telephone
interviews of approximately 20 owners and occasional field inspections of vehicles were
conductedwith these aswell asa few other owners identified by other means.

NHTSA's Vehicle Research and Test Center (VRTC) conducted extensive testing of
acceleration and braking performance under various simulated fault conditions for a vehicle
representative of each of the vehicles listed in Table 2-1 or a close substitute. These data
are described fully in Appendix E. Determination of the susceptibility of certain cruise
controls to malfunction as a result of EMI/RFI or environmental extremes was done at TSC,
as described in Appendix F. Measurements of pedal characteristics were also done byTSC
staff and are reported in Appendix G.

Because of the unusually high rate of reported SAI in the Audi 5000, that vehicle has been
subjected to muchmore intense scrutiny thanany other. As part ofTSC'swork for NHTSA,
a detailed analysis of the Audi 5000 was begunearly in 1987. The product of that study is
reproduced in its entiretyas Appendix H. Where appropriate, the reader is also referred to
sections of the Audi 5000 analysis in AppendixH for detailed engineering discussions.



An Examination of Sudden Acceleration

3.0 TECHNICAL DISCUSSION AND CONCLUSIONS

The following logical assumptions were used as the basis for the design of experiments and
analyses:

• SAI could be the result of a single primary causal factor or could result from
the action of a number of factors which contribute to or increase the
likelihood of an SAI.

• Factors related to SAI occurrence can include power-train design, brake
system design, and vehicle ergonomics (particularly pedal configuration).

• An SAI must involve a significant increase in engine power, which could be
caused by a failure in an engine-control system or a pedal misapplication
(inadvertent depression of the accelerator instead of, or in addition to, the
brake).

• If the SAI begins with a vehicle-system malfunction, loss of control could
occur through braking system failure or the driver's failure to apply the brake
withsufficient force and/or the driver inadvertently pressing the accelerator.

• If the SAI is initiated by a pedal misapplication ofwhich the driver isunaware,
loss of control can occur.

• The location, orientation, and force-deflection characteristics of pedals can
influence the probability that the driver will mistake one pedal for another.

• If the cause of an SAI is an electro-mechanical or mechanical failure, this
should be evident after the fact.

• If the cause of an SAI is an intermittent electronic failure, physical evidence
may be very difficult to find, but the failure mode should be reproducible
eitherthrough in-vehicle or laboratory benchtests.

• The vehicles studied may or may not share the same causal and contributing
factors.

The study covered:

• engines and their controls, as well as transmissions, to determine whether and
how they mightproduce unwanted power;



• the role of electromagnetic and radio-frequency interference (EMI/RFI) and
other environmental variables in stimulating malfunctions in critical engine
controls;

• braking systems, which were examined with a view as to how they could fail
momentarily but spontaneously recover normal function; and

• the role of human factors or ergonomic control-design considerations which
might lead to pedal misapplications.
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Figure 3.0-1 presents a fault-tree analysis showing all of the possible events involved in an
SAI. A large increase in engine power must occur by definition. This can be caused by a
vehicle malfunction (a failure of one or more of the engine systems shown in Figure 3.0-1)
or a pedal misapplication on the part of the driver.

If a vehicle malfunction is the initiating factor, loss of control can occur if the brakes fail or
if the driver inadvertently presses the accelerator rather than, or in addition to, the brake or
fails to applysufficient force to the brake pedal. Should the initial event have been a pedal
misapplication, loss of control may ensue if the driver fails to recognize it and continues to
press the accelerator. m
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Figure 3.0-1: Sudden Acceleration Incident Scenario
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3.1 VEHICLE SYSTEMS RELEVANT TO SAI

3.1.1 PROBABLE CAUSES AND FAILURE MODES

SAI as defined can occur only with a wide-open or nearly wide-open throttle. As
demonstrated in Chapters 3, 4, and 5 of Appendix H, most vehicle component failures
produce power decreases or at most minorincreases. Only two failure modescould result in
the wide-open-throttle (WOT) condition characteristic of an SAI report, cruise control
malfunction or throttle sticking. The onlyotherpotential cause of the WOT condition is the
misapplication of the driver's foot.

As discussed in Appendix H, other vehicle system failures could result in very brief
accelerations. Such impulses may be directly responsible for some accidents in confined
spaces even though the high-power acceleration characteristic of an SAI never occurs.
Momentary accelerations could also conceivably startle the driver into a pedal
misapplication, which could then cause high-power acceleration (as discussed in section
3.3.1).

Cruise control systems are the only vehicle component which could plausibly be suspected
of initiating aWOT condition without the driver pressing the accelerator.

Sticking or binding in the throttle or throttle linkage could maintain WOT if the driver
initially pressed the pedal to the floor, as many do prior tostarting. Such sticking can have a
large number of possible causes, such as frayed cables, broken return springs, rusted
secondary throttles (if so equipped), misrouted hoses rubbing against the linkage, improper
lubrication, etc. Such problems can result from improper original assembly, faulty repair
procedures or abusive use. Ill-fitting or improperly installed parts have also been implicated
inanumber of cases. Interference with the accelerator pedal orlinkage by floor mats, loose
wiring or other miscellaneous objects is also possible. Where a mechanical or
electro-mechanical failure is responsible for WOT, the diagnosis of the cause should be
relatively easy because only a few parts could be responsible and these can be readily
inspected by sight and by feel. For example, if the engine is still running at very high speed
(3000 rpm or more) once the vehicle has stopped, or ifit runs at very high speed after being
restarted, it should be quite straightforward to determine which defective part in the
throttle, throttle linkage or cruise control is responsible for holding the throttle open.

3.1.2 CRUISE-CONTROL MALFUNCTIONS

Because cruise controls are the only devices commonly present in automobiles, other than
the drivers' feet, which can move throttle plates, they should always be investigated
thoroughly following an SAI. If the cruise-control master switch is on, the gearshift is in
"Drive," and the brakes are not applied, there are some control units in which only asingle
component failure could possibly initiate aWOT condition, particularly in the older, analog
circuits, notably the 1982 Audi among the tested vehicles. (Reference 32) In virtually all
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recent designs for factory-installed cruise controls, where digital circuitry is now the norm,
two or more component failures are required to cause an unintended throttle opening.

Most, but not all, cruise-control failures would be permanent and should be easily
recognized by a mechanic after the fact. However, defective components or connections,
such as leaky transistors, poor solder joints, faulty grounding, or intermittent shorts, if they
existed, could cause rarely occurring faults which would be very difficult for a mechanic to
diagnose. Many control systems today make use of computer programs imbedded in
read-only-memory (ROM) chips. Spurious jumps in a computer program caused by some
transient source of electrical or radio-frequency interference could be diagnosed reliably
only at a special test facility.

While it is not extremely rare for an electronic part or solder joint to fail intermittently in a
manner that is difficult to recognize or diagnose, the probability is extremely small for two
or more partsor connections to fail simultaneouslyat exactly the right moment to cause an
SAI, but then fail to do so during subsequent diagnostic tests.

All cruise controls incorporate one or more fail-safe devices designed to disable the control
whenever the brake pedal is depressed. Unlike the cruise control itself, these simple
switches and valves are not subject to complex, intermittent failure modes which would
permit the cruise control to remain engaged during an SA incident, but which would be
difficult to recognize after the fact. Intermittent failure modes for such devices result in
deactivation of the cruise control. In most factory-installed cruise controls, redundant
electrical and pneumatic brake-pedal defeats are employed. Chapter 4 of Appendix H
describes in detail the functioning of the cruise-control in the Audi 5000, which is typical of
all modern, micro-processordesigns.

The credibility of cruise-control faults as an explanation for SAI is further reduced by the
fact that in most designs, the actuator requires a few seconds to open the throttle fully and in
some designs, can never reach or maintain the wide-open condition. For most vehicles
tested, the maximum accelerations produced by simulated cruise-control failures, which
were associated with faults that drove the highest possible current through the vacuum
solenoids or actuators, were significantly less than those generated by drivers pressing their
gas pedals to the floor. Other types of fault conditions did not cause opening at the
maximum rate. Instead they resulted in peak acceleration of less than 0.1 g. Among the
tested vehicles, the GM products (Buick Electra, Cadillac deVille and Camaro Z-28)
exhibited the highest accelerations under simulated cruise-control faults.

VRTC conducted a series of measurements of acceleration behavior under various types of
simulated cruise-control faults. Table 3.1.2-1 shows measurements of the times various
vehicles require to reach 30mphunder three conditions: The first, flooring the gas pedal,
generally produces the strongest acceleration. The other conditions, involving activation of
the cruise control by direct short circuiting of the control's output stages orby false speed
signal inputs from an external generator, caused weaker acceleration for all but one of the
tested cars. The decline was substantial for the majority. Appendix E contains data



describing the performance of several vehicles with high SA-cOmplaint rates under
simulated cruise-control faults.

Table 3.1.2-1: Time required to accelerate from a standing start to 30 mph for
various vehicles under three conditions: (1) gas pedal floored, (2) worst-case
cruise control failure, and (3) false speed signal fed to cruise control. Data
shown are the shortest times measured in the Series 1 and 3 tests described
in Appendix E.

Make Time (seconds) to Accelerate to 30 Mph
Pedal Floored Simulated Malfunctions

Worst Case False Signal

Audi 5000,1982 4.7 6.3 6.8

Audi 5000.1984 5.3 6.5 6.2

Buick Electra, 1986 3.8 4.1 4.1

Cadillac Sedan deVille, 19851 4.0 4.0

Chevrolet Camaro Z-28,1984 3.3 4.4 4.3

Chrysler New Yorker2 3.8 8.4

Mercedes 300E, 1988 3.8 9.0 6.1

Mercury Marquis, 1984 3.7 5.6 5.9

Nissan 300ZX, 1985 3.9 4.8 5.7

Toyota Cressida, 1982 3.8 7.0 9.9

The integratedenglne-eontrol/crulse-control computer on the Cadillac caused the engine to shut off when a
false signal was fed Into It.

Because of its mechanical cruise control, the Chrysler unit Is not susceptible to a false electrical speed
signal. Worst-case failure was simulated by plugging both vents with silicone sealant and applying
manifold vacuum to the servo chamber.

VRTC also measured the speeds, time, distance travelled, etc. for vehicles with simulated
worst-case cruise-control faults in which the brakes were applied at one second or two
seconds following the onset of forward acceleration. These tests are representative of what
many accident-involved drivers claim happened, i.e., that the vehicle spontaneously
accelerated from a stopped position and that they applied the brakes as hard as possible
immediately, but the brakes seemed ineffective.

Because an unexpected increase in engine power may produce a slower-than-normal
reaction time (normal braking reaction time is about one second), a series of tests was
conducted in which braking was not initiated until two seconds after a simulated
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cruise-control fault. These tests revealed that application of 60 or more pounds of pedal
force would have stopped all but one of the tested cars in about 30 feet or less. The
exception is the 5.0 liter Camaro Z-28, which has the highest power-to-weight ratio among
those tested and requires as much as 37 feet. These stopping distance data refer to the
Series 6 tests described in Appendix E. Table 3.1.2-2 lists total distances travelled for each
tested vehicle, as described in Appendix E.

For the numerous RSAI where cruise-control failure has been alleged, but the braking
system was found to be in good working order, and the vehicle travelled a substantially
greater distance than those shown in Table 3.1.2-2, it must be concluded that either the
brake pedal was not appropriately applied or that cruise control failure was not a factor in
the SAI.

Table 3.1.2-2: Total distance travelled (feet) by various vehicles after simulated
worst-case cruise-control-induced acceleration lasting two seconds, followed
by brake-pedal application. Data shown are the highest values measured in
the Series 6 tests described in Appendix E. Experimental variation accounts
for longer stops at higher pedal pressures in some of the runs.

Make Total Distance Travelled (feet) For
Given Brake-Pedal Force

60# 100# 150#

Audi 5000,1982 17.1 14.2 16.4

Audi 5000,1984 18.6 13.9 12.5

Buick Electra, 1986 27.3 31.7 26.9

Cadillac deVMe, 1985 42.1 38.2 37.1

Chevrolet Camaro 78.8 74.4 50.1

Chrysler New Yorker1

Mercedes 300E, 1988 22.3 25.8 23.7

Mercury Marquis, 31.5 32.5 29.7

Nissan 300ZX 45.7
2 2

Toyota Cresslda, 1982 29.4 25.5 26.4

Because of its mechanical cruise control, the Chrysler unit could not be connected to the electrically
operated test recorder. However, worst-case faults for this unit were simulated by plugging the vacuum
release ports and applying available manifoldvacuum. The peak speeds achieved in two seconds were
less than 5 mph, and the stopping distances after brake application were less than 5 feet Thus the total
distances travelled were substantially less than those of any of the othercarstested.

Brake pedal forces greaterthan 60 pounds caused wheel lockup.

11



Complaint and vehicle-test data indicated that the probability of SAI resulting from
cruise-control malfunction is extremely remote. However, there have been many
allegations that malfunctions in this system resulted in SAI. To resolve these conflicting
views, TSC conducted extended tests of Hella analog and digital controllers (used in the
Audi 5000). In these tests, various control units were operated in the environmental
chamber for several months connected to their respective vacuum servos and.other
associated valves and sensors. Temperature and power supply voltage and impedance were
varied, while other factors such as EMI from an air-conditioner-clutch assembly and RFI
from a CB transmitter were also applied. The status of each variable and the
cruise-control's output state were recorded once per second. In the event of vacuum-servo
actuation, the output signalwas also recorded by a digital memory oscilloscope. Appendix F
describes the equipment, setup and procedures employed.

Appendix F also contains an example of the output from the automatic data recording
instrumentation. Ordinarily, data from time periods in which no abnormal events occurred
was automatically purged. To provide the example shown and to illustrate the methodology,
the vacuum servo was compressed by hand. The results from all of this testing are
summarized as follows:

1. Varying power supply voltage from 10 volts to 16 volts (well outside the
normal limits) and temperature from 0 F. to +150 F. produced no
significant disturbances to cruise control operation. The set speed
deviated slightly (less than 2 mph) from the value originally set at room
temperature and normal (14 volts) power. A simulated faulty power
supply connection (2 ohm resistor) had no effect.

2. Simulated and spurious EMI caused occasional momentary actuation of
the vacuum pump when an external signalwas being applied to the speed
sensor input Most of these incidents lasted for less than 0.1 seconds and
none exceeded half a second. Because of their brevity, no significant
throttle opening could occur and they would have been imperceptible to a
driver had they occurred in a vehicle in use. Figure 3.1.2-1 shows an
oscillogram of a typical incidentwhile Figure 3.1.2-2 shows an oscillogram
of what the output would look like if the cruise control were accelerating
the car continuously for 10seconds.

3. RFI from either a CB transmitting antenna placed inside the
environmental chamber or an electro-static discharge simulator disturbed
the functioning of all of the cruise controls tested. However the
disturbances consisted almost entirely of momentary (less than one-half
second)throttle closings followed by recovery to the set speed.

Every cruise control examined was designed so that it could not engage at speeds below
some specific value, typically 25 to 35 mph. No instances of throttle actuation at speeds
below these minima were observed. One unit did exhibit a tendency to "forget" the set
speed when exposed to strong RFI so that it could not "resume." Later in the test cycle it
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stopped working completely. This indicates that the amount of RF energy being coupled
into the cruise control was strong enough to cause damage. Except for the one permanently
non-functional control, all of the effects disappeared when the CB transmitting antenna was
moved back more than one meter from the cruise control under test.

At no time during any of this bench testing did any anomalies occur which could have
caused any significant opening of the throttle.

In addition to this bench testing, TSC investigated three vehicles whose owners alleged that
they had suddenly accelerated without the drivers' feet touching the gas pedals. The
cruise-control systems of these vehicles were checked thoroughly including:

1. measurements of voltage and resistance at all significant points in the
system;

2. observation of oscilloscope waveforms on critical inputs to the cruise
control during several miles of driving; and

3. exposure to an intense source of RFI.

Except for one unit which would not function at all due to a misadjusted brake-pedal switch,
no anomalies were found in any of these units.

The Panel considered the conditions under which a cruise control could malfunction. For

most of the tested vehicles, the cruise control cannot function unless it receives electrical
power through the cruise control master switch and through the gear selector inter-lock
(which is designed to provide electrical power only in the upper and intermediate "Drive"
ranges). If these conditions are not present and the interlock switches are in good working
order, cruise-control failure is not a plausible explanation for an SAI. The exception among
the tested vehicles is the Mercedes 300E, where the cruise control is always powered but
which has certain redundant safety features lacking in the other designs. For the substantial
proportion of SA incidents which occur in reverse, cruise-control malfunctions are not a
plausible explanation for those vehicles with a gear-selector interlock, such as the Audi,
unless the gearshift interlock or its wiring harness is shown to be faulty (see Appendix H,
Chapter 4).

If the accelerator pedal moves down, seemingly of its own accord, in an SAI, a cruise control
problem is a likely explanation. However, for the WOT condition to continue beyond the
moment the driver's foot presses the brake pedal, at least one (and usually two or three)
additional independent and easily recognized faults must also occur simultaneously. No
evidence of such failures has been found.

For all of the reasons described above and because the RSAI rates are not significantly
different for cruise-control-equipped vehicles versus those without them, cruise controls are
not an important factor in SAI problems.
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Figure 3.1.2-1: Oscillogram of typical RFI-induced cruise-control transient. The
vacuum pump (upper trace) is energized only when this waveform is low.
The vent (lower trace) is sealed only when its waveform is low. In this
incident, a speed signal is being supplied from an external generator.
Without such a signal present, the duration of the spike would be only a few
milliseconds rather than a few hundred milliseconds and would be difficult to
see at a scale of one division per second.
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Figure 3.1.2-2: Oscillogram of cruise-control output which produces wide-open
throttle in about five seconds. Current flows through the vacuum pump and
the vent-sealing solenoid only when their waveforms are low. In this example
the duty cycle is about 40%.
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3.1.3 TRANSMISSION MALFUNCTIONS

Very few cars contain any mechanism by which the transmission can cause throttle opening.
Therefore, it is impossible for transmission malfunctions to cause SAI in most cars.

The one notable exception in the group of vehicles examined was the Audi 5000 prior to
model year 1984, which had a rigid linkage between the throttle and the transmission
kick-down lever. By deliberately inducing several part failures and by deliberately
pressurizing certain passages in this transmission, the kick-down linkage could be made to
open the throttle. (See Chapter 5of Appendix H for adetailed discussion ofthis topic.)
However, TSC could identify no plausible scenario by which this abnormal pressure could
arise, or how the required malfunctions could fail to be evident after the fact. In subsequent
model years, this rigid linkage was replaced with one which did not permit throttle
actuation, but there was no reduction in the RSAI rate.

Although there is no evidence to support the idea that transmission malfunctions could
cause throttle opening, there have been anumber of documented incidents in which afaulty

.safety interlock switch permitted a vehicle to start in gear. This unexpected behavior
obviously startled drivers and could easily contribute to apedal misapplication. There have
also been incidents in which adriver started in "Neutral," thinking "Park" was selected, or
vice versa. (In some ofthese incidents the indicator was broken or unreadable.) When the
driver then shifted into gear, the vehicle's movement was then in the opposite direction
from what was expected. Again, this startling movement could have made pedal
misapplication more likely.

3.1.4 IDLE-SPEED CONTROL MALFUNCTIONS

In gasoline engines, only a substantial opening of the throttle which produces an
appropriate fuel-oxygen mixture can produce rapid acceleration. Excess fuel from some
malfunction in the fuel system will cause flooding and stalling, not increased power.
Similarly, asignificant air leakage which bypasses the fuel-metering system's air-flow sensor
or carburetor throat will result in alean mixture, reducing power.

The idle bypass system is also capable ofproviding moderate increases in engine power. It
provides a path by which the air required to support combustion may enter the engine
accompanied by the appropriate amount of fuel. The cross-section of the bypass valve is
much smaller than that ofthe throttle so that the amount ofpower that can be developed by
this route is relatively small, for most cars considerably less than 20 horsepower. One
exception is the Audi 5000 which is capable of a more substantial idle-stabilizer power
increase, a full 20 horsepower. The resulting acceleration inthis vehicle has an initial value
of nearly 03 gand decays in less than 2seconds to only afew hundredths of ag. Chapter 3
ofAppendix Hdescribes the Audi idle stabilization system. It is typical ofmodern designs
in its function, but was sized relatively larger than most other passenger cars. Several other
vehicles employ idle-stabilization systems which can generate significant acceleration
impulses if they malfunction.
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If the idle stabilizer opens abruptly, the brief acceleration may startle some drivers into
making a stab for the brake pedal, as discussed in Section 3.3.2. Especially when the driver
has not yet settled into his or her normal orientation with respect to the pedals, this rushed
attempt to brake may increase the likelihood of a pedal misapplication. In the case of the
Audi 5000, a significant number of the earlier versions of the idle stabilizer reportedly
experienced malfunctions causing intermittent incidents of high idle speed. These failure
modes were verified during tests conducted byTSC, as described in Appendix H, Chapter 3.
These parts were replaced in a recall campaign.

Other parts failures, notably detached hoses, could create unintended entrance paths for
combustion air and increased power output. However in order to generate a substantial
amount of power, it would be necessary that the leak also cause increased fuel flow, i.e. by
sucking more air through the carburetor throat or the air-flow sensor. Since the sensor is
located ahead of the throttle in every fuel-injected design, it isvirtually impossible for this to
occur by any means other than deliberate sabotage. In carburetors, the throat and throttle
are immediately adjacent with no possibility of leakage into the connecting passage inaway
that would notbe readily apparent, such as acracked carburetor body.

In some vehicles, leaks into the intake manifold could cause modest increases in power
output through the action of the fuel-air mixture compensation system. That is, the leak
would initially cause a lean mixture, which would be detected by the oxygen sensor in the
exhaust gas, which would trigger increased fuel-flow. However, these systems are designed
so that the maximum additional fuel they can provide is relatively small. In older
fuel-injection systems without an air-flow sensor and in many carburetors, there are various
mechanisms bywhich avacuum leak could cause modest increases in fuel flow. However, in
no case does the power output approach that characteristic of an SAI. As with the
idle-stabilizer, the sudden occurrence of a minor power increase might be responsible for
startling adriver and thereby-triggering a pedal misapplication.

Leaks can generally be spotted very easily both visually and by the sucking noise they
produce. Furthermore they cause rough, erratic idling which is immediately apparent to
drivers. The lack of reports of such malfunctions in the RSAI data base suggests that they
are not a significant causal factor.

3.1.5 BRAKE SYSTEM MALFUNCTIONS

No plausible mechanism for temporary, self-correcting brake failure has been identified
which has any relevance to SAI. Every passenger car is capable ofstopping eventually even
with its accelerator pushed to the floor (so long as its brakes are given normal maintenance
and applied with sufficient force). Chapter 6 of Appendix H describes the operation of the
Audi braking system in great detail and concludes unequivocally that no SAI-related brake
failure modes exist which leave no readily detectable evidence of their occurrence.

All of the tested vehicles were equipped with power brakes. In the braking test, vehicles
which were initially stationary and with the brakes set firmly, remained stationary even with
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the throttle opened wide. These tests were conducted on a clean, dry, well-maintained
brake-test pad. However, based on evidence provided by Mercedes-Benz, high-power,
rear-wheel-drive autos on a wet or slippery surface may exhibit wheel spinning resulting in
slow, jerkingmovement underWOT with brakes firmly set (Reference 23).

Under wide-open-throttle (WOT) conditions, braking performance can be degraded
because:

1. brake torque is partially offset byengine torque; and

2. in vacuum-assisted power brakes, intake manifold vacuum is at a
minimum under WOT and therefore available boost is quickly reduced,
particularly if the brake pedal is pumped.

Thus under WOT the minimum stopping distance from any given initial speed can be
greater than for a normal, closed-throttle stop and the required pedal effort may be
substantially increased. Because the pedal force required to achieve a given deceleration is
far more than the driver normally applies, many drivers may describe this degraded
performance as"brakes not working."

As noted above for vehicles with vacuum-boosted brake systems, if the throttle is held wide
open there will be little or no manifold vacuum and therefore little or no build-up of boost.
Conversely, vehicles with hydraulic boosters, such as the Audi 5000, will develop boost
pressure more rapidly thannormal underWOT, because of high engine rpm.

There is another normal characteristic of power brakes which might under certain
circumstances lead a driver to think the brakes were malfunctioning. If a vehicle remains
parked for aconsiderable period, the accumulated vacuum orhydraulic pressure isgradually
dissipated by leakage. Thus when the vehicle is first started, there is no boost. Therefore in
the first few seconds, much greater pedal force and pedal travel are required to achieve a
given amount of braking action than would normally be the case. It must be stressed that
the problems associated with adrained accumulator orvacuum reservoir could apply only to
thesmall proportion of incidents which occur in the first few seconds after engine start.

So long as the driver exerts sufficient brake-pedal force to lock the driving wheels, the
stopping distance is the same regardless of how much power the engine isdeveloping. Table
3.1.5-1 shows the results of tests conducted at VRTC to measure stopping distances under
WOT. In these tests two conditions are represented; in the first, the throttle was heldopen
for the entire test and the brakes were applied two seconds after pressing the throttle. In
the second, the throttlewas held open for twoseconds but released at the instant the brakes
were applied.

As can be seen inTable3.1.5-1 and Figure 3.1.5-1, for cars with moderate low-speed torque
and front-wheel drive, such as the Audi 5000, the minimum stopping distance is similar for
both conditions. For very low initial speeds, the increase in stopping distance was small.
For the rear-wheel-drive vehicles tested, the WOT-stopping distances increased
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significantly with 60 lbs. of pedal force, because there was more engine torque offsetting
brake torque. In the case of the 5.0 liter Camaro Z-28, the WOT-stopping distance
increased by a factor of three or more compared to normal stopping distance. At higher
levels of pedal effort, stoppingdistances became shorter for all conditions, but a substantial ^
disparity between open-throttle and closed-throttle conditions remained for thehigh-power,
rear-wheel-drive models.

Braking inreverse is often less effective than braking when moving forward, especially for a
high-powered, rear-wheel-drive model. For such vehicles travelling in reverse at 30 mph <*>
under the WOT test conditions, measured minimum stopping distances ranged from three
to six times the normal closed throttle stopping distance even though the braking systems
were in perfect working order. It should be noted that in the vehicles tested, as in nearly all
current designs, braking systems are designed to work more effectively when the vehicle is
travelling forward. a*
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Table 3.1.5-1: Results of tests with WOT from a standing start and with brakes
applied after two seconds at 60 pounds. At higher brake pedal forces,
shorter stopping distances were recorded. These data are extracted from
Appendix E, Series 4 and 5 and represent the highest values measured
during multiple tests. Experimental variation results in some small anomalies
in these data. For example, the peak speeds differ slightly for the same car,
even though they should be identical. Averaging multiple runs would have
reduced these anomalies, but the intent here is to show worst-case
performance.

Throttle Open While Braking Throttle Closed While Braking

Vehicle
Peak

Speed
(MPH)

Stopping
Distance

(Ft)

Total

Distance

(Ft)

Peak

Speed
(MPH)

Stopping
Distance

(Ft)

Total

Distance

(Ft)

Rear Drive

Chevrolet Camaro (Z28) 19.8 82.1 120.5 18.0 22.3 56.6

MercuryMarquis 17.2 45.7 74.2 18.5 19.5 55.5

Mercedes 300E 13.7 51.0 69.8 15.5 14.6 43.2

Nissan 300ZX 17.2 38.7 68.7 15.4 13.6 42.3

Toyota Cresslda

Front Drive

14.2 32.6 54.9 17.2 17.2 47.2

Audi 5000 '82 13.4 17.0 39.3 14.2 20.2 41.9

Audi 5000 '84 14.5 15.1 37.7 14.5 13.7 37.0

Buick Electra 16.2 23.8 49.5 16.0 16.2 43.2

Cadillac deVille 16.4 32.4 62.7 19.0 20.8 58.0

Chrysler New Yorker 13.8 44.9 67.5 14.7 14.7 39.2
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Figure3.1.5-1:GraphiccomparisonofstoppingdistancesforWOTversusclosedthrottleforvariouscarsfromspeed
reachedaftertwosecondswhen60poundsofbrake-pedalforcewereapplied.Source:AppendixE,Series4and5
tests.ThedisparityinstoppingdistancesfortheChryslerNewYorkercomparedwithotherfront-wheel-drivecarsdid
notoccuratthehigherbrake-pedalforcesof100and150pounds.
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Table 3.1.5-3 shows the results of braking tesis from an initial speed of 30 mph in reverse.
Brakes were applied with a force sufficient to produce minimum stopping distance (this
force was determined experimentally). Under one test condition the throttle was held open
until the vehicle came to a stop. In these extreme conditions, curving skid marks and other
evidence of directional instability were abundant, except for the one vehicle equipped with
an anti-lock brake system. In the other test series, the throttle was released at the onset of
braking, which caused no problems with directional control.

Table 3.1.5-3: Comparison of minimum stopping distances in reverse from 30
mph with throttle wide open or closed for selected high-power,
rear-wheel-drive cars. These data are extracted from Appendix E, Series 9
and 10 tests.

Make/Model

Chevrolet Camaro

Mercedes 300E, 1988

Mercury Marquis, 1984

WOT
Stopping
Distance

Closed
Throttle

Stopping
Distance

Ratio

(WOT/
Closed)

(feet) (feet)

291.6 53.5 5.5

204.8 64.3 3.2.

117.7 49.9 2.7

In the same series of WOT tests, measurements were made of the brake-pedal forces
required to achieve minimum stopping distance in reverse for the three vehicles. The
worst-case maximum pedal force measured was 190-200 pounds for the Mercedes 300E, 180
pounds for the Camaro Z-28, and 175 pounds for the Mercury Marquis. These forces are
several times higher than those required with the throttle closed and beyond the strength of
approximately 50% of all females and 2.5% ofmen (Reference 11). For the tests conducted
in "Drive," the pedal forces required to stop quickly were somewhat lower. In either
direction, drivers of these high-powered rear-wheel-drive cars would experience much
longer stopping distances with the throttle held open than with anormal closed throttle.
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3.2 ELECTROMAGNETIC AND RADIO-FREQUENCY INTERFERENCE

Due to the presence of electronic engine controls, electromagnetic and radio-frequency
interference (EMI/RFI) have been hypothesized to be a factor in SAI.

3.2.1 ELECTROMAGNETIC INTERFERENCE

Electromagnetic interference refers to electrical noise arising from changing current flows.
Abrupt interruptions of large currents generate the more severe problems. Amongthe most
familiar examples is impulse noise heard on the car radio from lightning or nearby faulty
spark-plug wiring. AM radios are inherently sensitive to even very weak EMI conditions,
but the rest of the vehicle's electronics will not be disturbed until the strength of the EMI is
several orders of magnitude greater.

By far the strongest potential source of EMI in avehicle electrical system is an intermittent
connection to the battery or alternator. Under worst-case conditions, interrupting these
circuits can produce transients with energies approaching 100 joules (Reference 13) and
voltage spikes ranging from +80 to -210 volts (Reference 27, McCarter). Such energetic
pulses can easily destroy most solid-state devices. However, all automotive electronics
contain filters designed to protect against EMI. The design of such filters iswellunderstood
and adequate in most cases.

Instances of cruise-control malfunction causing the throttle to be held open and triggered by
EMI have been documented (Reference 13). In this case a batch of transistors which did
not quite meet their specifications was used in the output stages of the cruise-controls.
When these units were subjected to the stress of alternator-circuit interruptions, their
output stages broke down and permitted current to flow to the solenoid which caused the
throttle to open. No accidents are known to have resulted since the brake-pedal vacuum
dump defeated the cruise control, and the brakes were unaffected. This problem was
discovered by the manufacturer, and the vehicles containing the defective transistors were
recalled.

Although EMI could have no effect on braking except for the verysmall numberof vehicles
with electronic anti-lock systems, it is possible that EMI has induced driver-startling
malfunctions in cruise controls, idlestabilizers and otherengine controls. Such malfunctions
are possible where substandard parts and/or marginal protective circuitry have beenused.

If SAI malfunctions were EMI related, the incident reports would be expected to contain
some mention of symptoms of electrical system problems, such as dimming lights,
starter-motor problems or non-functioning accessories. One would also expect such SAI
reports to be concentrated in higher-mileage cars, because as vehicles age, corrosion, wear
on brushes and contacts, etc. lead to an increased frequency of the sort of electrical
problems that generate severe EMI. Since these characteristics are not evident in the
complaints, TSC concluded that EMI is not an important cause of such malfunctions.
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3.2.2 RADIO-FREQUENCY INTERFERENCE

Radio-frequency interference (RFI) results from the presence of transmitted signals and is
often known to cause disruption of electronic systems. Therefore the Panel considered the
hypothesis that RFI could be responsible for SAI in passenger cars. It is plausible that RFI
might cause malfunctions in engine controls. As noted in Section 3.1.2, experiments
conducted at TSC have shown that cruise controls can easily be disturbed momentarily by a
citizens' band (CB) transmitter located within one meter.

RFI-induced cruise control faults are not extremely rare and are mentioned in the literature
as fairly common sources of failures leading to throttle-closure (Reference 19, A.H. Lay).
However, control engineers have deliberately sought to design their products so that
unintended conditions such as RFI will cause throttle closing rather than the reverse. It is
plausible that in some designs, this strategy may not have been fully realized, but no
examples havebeen brought forward thus far.

As arule-of-thumb, field strengths of at least several volts per meter (V/m) are required to
induce malfunctions. Most engine controls are designed towithstand more than 10 V/m and
some are rated for more than 100 V/m. The following equation relates field strength to
radiated power for distances greater than one sixth wavelength:

E =5.5\/ERP/d
where E = field strength inVolts per meter

ERP = effective radiated power
d = distance in meters

Source: Reference 19, A.H. Lay.

Typical wavelengths and powers for various types ofradio frequency sources are as follows:

Transmitter Wavelength Power

(meters) (Watts)

UHFTV .3-1 1X106

VHFTV 2-6 120X105

AM Broadcast 200-600 50X1003

Amateur Mobile 2-6 400

Land Mobile .6-2 110

Citizens Band ' 11 5

Source: Reference 19. A.H. Lay. with land mobile power adjusted to 110 watts to reflect recent changes in technolooy and
regulations. '

Very close to atransmitter, field strengths are greater than implied by the equation above by
afactor of (x/6.28) ,where x is the wavelength. This near-field correction factor applies
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for most sources only when the transmitter is located in the vehicle inquestion or inanother
vehicle within one or two meters. For standard broadcast transmitters, the near-field may
extend about a hundred meters.

Using the far-field equation and the data above, one may calculate the range at which field
strengths exceed any arbitrary value for several common types of transmitters. The
following tablewascomputed for 10V/m:

Typical Transmitter Nominal 10 V/m
Radius (meters)

UHFTV 550

VHFTV 190

AM Broadcast 123

Amateur Mobile 11

Land Mobile 6

Citizens Band 1

The wiring harness ofan automobile may function as an antenna with gain, i.e., capable of
receiving a stronger signal than the standard dipole used in field strength measurements.
Hence the radii shown above could conceivably be increased by a factor of 10 or so to
approximate worst-case conditions. Thus, it is obvious that the source of RFI must be
within sight of any vehicle which is likely tobeaffected byit.

On-board transmitters are by far the strongest potential source of RFI commonly
encountered. Fields of more than 350 V/m have been measured in a passenger car with a
100 W amateur transmitter operating, as indicated inTable 3.2.2-1. Table3.22-1 shows the
actual field strengths measured by the National Bureau of Standards on a number of
vehicles in the proximity ofvarious transmitters. The first portion of this table lists the field
strengths measured on various vehicles with on-board transmitters and antenna locations as
described in the "Comments" column. The last section gives the field strengths of several
AM, FM and television broadcast transmitters at various distances from 30 feet to 300 yards.
Dozens of measurements were made on each vehicle. The distribution of these
measurements forvarious vehicles is described in the "Percentile Values" columns of Table
3.2.2-1. The principal significance of these data is that on-board transmitters are by far the
most potent source of RFI and that other transmitters must be quite close byto be able to
generatehigh field strengths.
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Table 3.2.2-1: Field strengths of various transmitters as measured in various
vehicles. Source: Reference 36.
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Table 3.2.2-1 (cont.)
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Figure 3.2.2-1 shows field strengths, expressed in Volts per meter on a typical full-size car
with 100watt amateur radio transmitter operating. Figure 3.2.2-2 shows the means of the
worst-case E-field measurements for three types of vehicles. For this series of tests, the
strongest fields affecting motor vehicles were associated with long-wave (most commonly,
AM broadcast) and CB transmitters. The very highvalues shown for CB resulted from the
use of illegal, 100-Wattamplifiers. LegalCB units are limited to 5 Watts.

If any cruise controls were susceptible to throttle opening because of RFI, this malfunction
would be most likely to show up in cars with on-board transmitters, which number in the
millions, mainly CB and cellular phones. Thus onewould expect asubstantial number of SA
incident reports to contain statements thatthe acceleration began justas the transmitter was
switched, on or just as the microphone was keyed, or just as a call was placed on a cellular
telephone. The absence of such reports supports the view that RFI is not a significant or
even a measurable cause of SAI.

When electronically controlled anti-lock braking systems first appeared on heavy trucks
several years ago, there were a number of documented cases of malfunctions due to RFI.
Very few passenger cars have any electronic components controlling their brakes. Among
the cars examined in this study, only the Mercedes has anti-lock brakes as standard
equipment. In this system, even if the anti-lock failed, the braking system would still
function and stopping distances would not be appreciably different for the relatively low
speed situations characteristic of SAI. Hence there is no possibility of RFI causing the
alleged brake failure characteristic of SAI.
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Figure 3.2.2-1: Field strength measurements on a typical full-size car. The
numbers are field strengths expressed in volts per meter. Source: Reference
36.
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Figure3.2.2-2:Efieldmeasurements,normalized50thpercentilevaluesplottedagainstfrequency.Maximaoccurinthe
AMbroadcastandCB(illegal)tests.Source:Reference36.
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3.2.3 ELECTROSTATIC DISCHARGE TESTING

ISC and VRTC employed one other technique, known as electrostatic discharge testing
(ESDT), to detect any susceptibility of electronic engine controls, including cruise controls,
to malfunctions resulting from strong electric fields. ESDT has gained wide acceptance
throughout the electronics industry in recent years as a fast, effective way to spot avariety of
product malfunctions.

In this technique, asource of high voltage, adjustable up to 25,000 volts, is used to charge a
small capacitor. This capacitor is then discharged to ground at or near the device undertest.
The test apparatus must be designed so that even though the discharge energy is limited (so
as to avoid undue hazard to the test technician), the discharge time is very small (a few
billionths of a second) and the peak current is very high (more than 50 amperes). The
resulting pulse generates a very strong field in its immediate vicinity. The electric field
strength near the discharge point approaches onemillion volts permeter.

As an alternative to a spark discharge, one may also attach a single-turn loop. This
accessory produces an intense magnetic pulse field of nearly 1000 amperes per meter at its
center.

During the course of tests at VRTC, each of the vehicles was exposed to several hundred
spark discharges at various points in its engine compartment and under its dashboard. The
discharges were concentrated in the vicinity of the cruise control, its actuator and its wiring
harness. Hundreds of magnetic pulses were also applied to the same areas. Figure 3.2.3-1
shows a close-up of a spark about aninch long impinging on the cruise actuator of one of the
test vehicles, whileFigure 3.23-2 shows the magnetic pulse attachment in use.

During this testing, the vehicle was raised on a lift with its wheels free to turn. The
transmission was placed in"Drive" and the engine allowed to idle. For a portion of the test,
a false speed signal was fed to the cruisecontrol to simulate a condition in which the vehicle
was already travelling at sufficient speed for the cruise control to engage.

None of the tested vehicles showed any sign of throttle opening at any time. One of the
cruise controls ceased functioning when 25 kV sparks were applied directly to its case and
wiring. As a result of these tests, it maybe concluded thatengine controls of recentdesign,
and cruise controls in particular, are not likely to experience throttle-opening failure modes
as a result of exposure to very strongelectric or magnetic fields.
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Figure 3.2.3-1: Cruise-control actuator subjected to 25 kV sparks from an
electrostatic discharge gun. (Photo: VRTC)
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Figure 3.2.3-2: Application of magnetic pulses to cruise-control wiring harness.
(Photo: VRTC)
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3.3 ERGONOMIC AND BEHAVIORAL FACTORS

Driver error has frequently been alleged to be a factor in SAI. The Panel considered those
conditions which might produce or contribute to driver pedal misapplication. Two
contributing factors were identified. These are pedal configuration and the startle effect of
unanticipated power surges. To fully explain changes in RSAI rates, other behavioral and
socioeconomic factors must also be taken into consideration.

3.3.1 VEHICLE/DRIVER INTERACTIONS

The following is a listing of the vehicle characteristics which are thought to influence the
frequency of occurrence of SAI. The list is not in any particular order of priority:

Pedal size, shape, contour, etc.

Spatial cues to pedal location

Seat placement

Pedal placement

Pedal feel and gain

Other cues (engine sounds, etc.)

Ratio of brake torque to WOTengine torque

Incidence of throttle sticking

Incidence of erratic idle speed

Incidence of cruise-control faults

Incidence of shift-interlock faults

Incidence of other driver-startling faults

Presence of an automatic shift lock

Presence of an automatic transmission

Chapter 7 of Appendix H presents an analysis of these factors for the Audi 5000. Most of
these factors could influence frequency and severity of pedal misapplications.

Examination of the RSAI data base shows that almost none of the incidents have occurred
in vehicles with manual transmissions. With such transmissions, the driver's feet must be
properly aligned with the pedals in order to carry out the relatively complex set of
coordinated movements necessary to put the car in motion, thereby greatly reducing the
probability of a pedal misapplication. If component malfunctions were the primary cause of
SAI, the incidence of problems should be about the same regardless of transmission type,
since most of the other powertrain components are common orverysimilar. This is not the
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case, and as discussed in Section 3.1.3, no plausible mechanism for
automatic-transmission-induced throttle opening was found. This strongly suggests that the
major factor in SAI causation is in the driver's interaction with the vehicle controls.

In any situation which requires precise control use, some proportion of errors is to be
anticipated. Careful and consistent design can lower the frequency and facilitate the
recovery from error.

The driver mustbe able to distinguish the brake from the accelerator without looking at the
pedals. This is accomplished by using sensory cues which are different for each pedal. Chief
among these cues are pedal positioning (spatial coding) and "feel" (force-deflection
characteristics). Pedal size, shape, angle, surface texture and contour maybe used to some
extent, although the usefulness of such cues varies with the type of shoe being worn. The
direction and curvature of motion required to operate a pedal may also be considered part
of its "feel." The presence of other spatial reference points such as the transmission hump
can also be important in identifying pedals.

Since brake application can be considered a serial event, the first sensory feedback the
driver should receive when mistakenly pressing the accelerator pedal is that the feel is
wrong. Typically, the brake pedal can be distinguished from the accelerator because it has a
"hard spot" beyond which much more force is required to depress it further. Forvehicles in
which the difference in feel between brake and accelerator is small, quick recognition of
pedal misapplication is more difficult and may not occur until an SAI has ensued.

It is reasonable to expect that control-design ergonomics, which vary from one car to
another,, are better in some vehicles than others and could account for much of the
difference in SAI rates. Consistency between vehicles is important. The vehicle with
anomalous control features, however well designed, may contribute to an increase in the
frequency of errors for unfamiliardrivers, as discussed below. Beyond a lack of consistency
a number of configuration parameters could increase the likelihood of SAI resulting from
pedal misapplication.They are:

1. relatively close lateral spacing between brake and accelerator, which
increases the likelihood of pedal misapplication and facilitates pressing
both pedals with the same foot;

2. relatively smaller vertical spacing between brake and accelerator, which
increases the probability of confusion and also facilitates pressing both
pedalswith the same foot;

3. relatively long brake-pedal travel (soft feel), which reduces the likelihood
that the driver will recognize an error in time to avoid an accident and also
reduces the amount of brake torque developed at any given value of pedal
displacement;
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4. relatively powerful engine, which causes the consequences of an error to
occur sooner and with greaterkinetic energy.

Most of the vehicles which have high RSAI rates have these characteristics.

In avehicle which combines the first two characteristics/it is entirely possible to place one's
right foot so that it presses against both brake and accelerator. The addition of the third
characteristic decreases the likelihood that the driver will recognize the misapplication.

TSC measured the pedal separation and force deflection in seventeen vehicles, some of
which were characterized by high RSAI rates, while the remainder served as controls. All of
the tested vehicles with high RSAI rates moved when the drivers applied light to moderate
levels of force (i.e., less than 50 pounds) with the right foot to both pedals simultaneously
(tilting the foot slightly to the right). In these conditions the driver reported that the
sensation was much like stepping on the brake pedal alone. When sufficient force was
applied, these vehicles eventually reached the point at which brake torque exceeded engine
torque and deceleration occurred, but the required force was substantially greater than was
required for normal stopping.

In contrast, test driving and examination revealed that most vehicles with low RSAI rates
had pedal arrangements which made it relatively difficult to exert any substantial force on
the accelerator while simultaneously pressing the brake with the same foot.

Previous attempts to analyze the relationships among standard, static pedal-location
measurements and RSAI have found positive correlation coefficients for certain measures
(References 17, 45). However, the values of the correlation coefficients were not high
enough to provide much confidence in the validity of the conclusion that pedal location
affected RSAI rates. The test-driving experience suggested that it was not only the static
positions of the pedals, but also how they moved with respect to each other and how much
engine torque and brake torque were generated at various displacements, that might
strongly influence the probability of pedal misapplication. To test this hypothesis, a new
procedure wasrequired.

Measuring each pedal characteristic separately would have required fairly elaborate
instrumentation, including achassis dynamometer. After conducting tests on asubstantial
number of vehicles, multiple-regression analysis of relationships among pedal
characteristics and RSAI could then have been undertaken. Such an approach would have
fallen outside the scope ofthis study and needlessly duplicated other research in progress.

Instead, amuch simpler technique was devised by TSC in which all ofthe effects ofpressing
on the accelerator and brake pedals were combined inasingle variable referred to here as
"critical vertical offset" (CVO). CVO is defined as the maximum vertical distance between
the surfaces ofthe brake and accelerator pedals at which the vehicle remains stationary for a
given force acting on the pedals. Figure 3.3.1-1 illustrates the apparatus used to measure
this variable. Appendix G describes the apparatus and measurement procedure in detail
and containsasummary of the data for eachvehicle tested.
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In brief, the measurement procedure involves clamping the apparatus shown in Figure
3.3.1-1 to the brake pedal. A brake-pedal-force transducer is incorporated which shows the
applied force on a display placed on the dashboard. The test technician then adjusts the
screw mechanism which transmits force to the accelerator pedal to some specified amount
ofoffset, puts the gear selector iri drive or reverse, applies aspecified amount of force to the
apparatus with his foot, and records whether the vehicle remains stationary or not. Tests
were conducted at quarter-inch increments of offset ranging from one-half inch towhatever
value caused the vehicle to move and at applied forces of20,40 and 60 pounds.

It must be recognized that characterizing vehicles according to CVO is anew, experimental
approach. At this writing, other researchers in the United States and Canada are conducting
similar tests, but none of their results have been published yet.

The scatter plot in Figure 3.3.1-2 summarizes the results of this testing for an applied force
of 40 pounds. Lateral pedal separation is plotted on the horizontal axis, while the critical
vertical offset appears on the vertical. Cars with high RSAI rates are clustered in the lower
left, with lateral separations of about two and one-half inches or less and CVO of about an
inch or less. Those with low SAI rates were found to have greater separations on one or
both dimensions.

A high CVO and large lateral pedal separation are notthe only vehicle characteristics which
might contribute to minimizing pedal misapplications leading to unwanted acceleration.
Other characteristics, such as the angular placement of the pedals, engine-noise levels, etc.,
may also provide additional cues to their drivers to help recognize or avoid pedal
misapplications. This contention is supported by the fact that* somevehicles measured had
pedal characteristics which placed them in the lower-left corner of Figure 3.3.1-2, but did
not have particularly high rates of SAI reported. The Honda Civic is one example of this.
Even though their control designs may be conducive to pedal misapplication, low power or
other factors, such as engine noise levels, may keep the consequences of error from
occurring before theirdrivers recognize the problem.
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Figure 3.3.1-1: Apparatus used to measure vertical offset shown in close-up.
Vertical offset is the distance from the bottom of the plate clamped to the
brake pedal to the bottom of the disc pressing the accelerator and is
adjusted by turning the pointer knob at the top of the screw. It is shown here
installed in a Plymouth Voyager, which has a relatively high offset.' The
readout display for applied force is placed on the dashboard, out of view in
this photograph.
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NHTSA is investigating the potential role of pedal design in driver error. Its Office of
Research and Development has contracted for a major study of pedal design. This work is
currently underway at Texas Transportation Institute and is expected to provide new
quantitative measures of the effects of various pedal parameters on the frequency of
occurrence of pedal misapplications.

In addition to the vehicle characteristics described above, RSAI rates appear to be
influenced by many driver-related variables. It is helpful to divide these into two groups:
those which affect the probability of occurrence of an SAI and those which affect the
probability of its being reported to NHTSA, which are discussed in Section 3.3.3.

The Panel listed driver factors which might influence the probability of the occurrence of
SAI:

Familiarity with vehicle

Driverdemographics (age, sex, education, etc.)

Muscle strength

Control use precision

Body dimensions

Life style (mainly as it affects average trip length and the ratio of engine
starts to total vehicle miles travelled)

Psychological variables which may influence attentiveness, etc.

Quantitative assessment of the relationship of most of these factors to SAI was not possible
because most of these items are not included in the RSAI data.

The exception to this is driver familiarity with the vehicle, which can usually be estimated
from the odometer readings found in the complaint data. Review of the data recently
gathered by NHTSA reveals that the rate of complaints about unwanted engine power falls
off precipitously with vehicle milage, suggesting familiarity is strongly related to complaint
rate. Figure 3.3.1-3 shows complaint rates as a function of the odometer reading atthe time
of the incident. (The vehicles included in Figure 3.3.1-3 were selected because they have
recently beenunder investigation by ODI in response to high RSAI rates, which resulted in
the generation of adatabase containing the odometer data.) The extremely steep fall off in
complaints with mileage can be taken to indicate that drivers are less likely to misapply
pedals as they become increasingly familiar with these cars. This is consistent with the
studies cited in Appendix H, Chapter 7, which establish the relationship between driver
familiarity and rates for all accidents.

Familiarity may also partially explain why relatively expensive imported cars have much
higher RSAI rates than lower-priced imports, many of which have similar pedal
characteristics: Most owners of the economy imports have been driving small cars with
relatively close pedal spacing for many years. In the luxury car market however, the import
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share has risen sharply in the 1980's. Thus many ofthese buyers were making the transition
from a large domestic car, with relatively large pedal spacing, to one with an unfamiliar
pedal arrangement.

Although little demographic data is available from the ODI data, investigators have used
general demographic data on owners to explore the effects of such factors. Attempts to
correlate demographic data with RSAI rates have generally not found much statistical
significance for most of these variables (References 17, 45). Some analyses have found
over-involvement of elderly drivers and/or female drivers. However both of these factors
may be related to physiological variables as well as demographics, because both are
associated with musclestrength.

Stopping a vehicle with WOT may take a substantial application of force sustained over a
period ofseveral seconds. This requirement for sustained high pedal force may increase the
likelihood ofSAI for weaker drivers under some circumstances. The braking performance
data gathered by VRTC show that with WOT, substantial pedal forces (175 pounds or more)
are required to achieve maximum deceleration (as noted in 3.1.5 above) for some vehicles.
Almost as much force was required to achieve controlled 0.33 g stops (WOT). The tests
revealed that the force requirements for the Mercedes, Camaro, and Mercury were
sometimes as high as 200 pounds, 170 pounds, and 130 pounds respectively (Appendix E,
series 11B tests). Once an SAI has begun and if the throttle remains open, sheer muscular
strength can be quite helpful in bringing the car to a stop. Anthropometric data indicate
that 50% ofall women and asmall proportion ofweaker men can not provide abrake pedal
force of more than 175 pounds for periods of 1- 5 seconds (Reference 11). Hence, leg
strength, rather than age or sex per se, can bean important contributor to the hypothesized
SAI (discussed in33.1 above) where the driver applies both pedals simultaneously or where
the throttle is being held wide open by some other cause. However, in most instances of
application of both pedals, the throttle would be less than fully open and the brake-pedal
forces required to stopquickly would be less than thosedescribed above.
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In addition to familiarity and physical strength, another factor which may influence the
likelihood ofapedal misapplication is driver work-load, since unexpected movements ofthe
vehicle may briefly overload and startle the driver resulting in acontrol error. An example
is the jerk that sometimes occurs when acar with high idle speed is shifted into gear without
having the brakes firmly set. Such triggering events may play asignificant role in explaining
SAI. Stimuli resulting from vehicle movement can initiate reflexive responses in the
operator. The human "startle" reflex can be characterized as an extensor reflex in which the
arms and legs are moved to amore defensive position, sometimes accompanied by rigidity.
Closely related is an acceleration reflex in which arms and legs are extended, the toes and
fingers spread, in an effort to restore stability to the body. The relevance ofsuch reflexes to
this inquiry is that they can be initiated by actions ofthe vehicle; since they are controlled by
the non-cognitive functions of the central nervous system, they may take precedence over
conscious efforts to control the vehicle.

In any situation in which adriver is forced to respond to astimulus more quickly than usual,
errors will increase. Thus if the idle speed abruptly and unexpectedly jumps up causing the
vehicle to accelerate, the driver, who must respond instantly, is far more likely to partly or
entirely miss the brake than when making aplanned application.

Two small-scale studies which demonstrate the effects of startling the driver have been
published. In the first, conducted by VRTC, 32 subjects, who were not professional drivers,
were tested in a 1986 Audi 5000 (Reference 34). The idle stabilizer of the test vehicle was
modified so the experimenter could switch on maximum idle speed whenever he desired.
One of the subjects did apparently become confused as aresult of the excessive idle speed
and applied the accelerator rather than the brake, resulting in a0.6 gacceleration jolt. That
driver lost control to the extent that the experimenter terminated the test with the
engine-kill switch.

In the second study, conducted by John Tomerlin for Road & Track, 130 subjects were
tested under three types of driving in three different passenger cars, each of which had been
modified so that high idle speeds could be switched onbythe experimenter (Reference 33).
On two occasions during the reverse-driving test, subjects became confused when the
high-idle condition was activated and applied theaccelerator when they meant to brake.

A third series of experiments, also conducted by John Tomerlin and as yet unpublished, was
completed in June, 1988. Of the 169 subjects tested in a vehicle whichwas modified so that
the experimenter could trigger a WOT at any time, one became confused and
unintentionally pressed the accelerator in response to the surprise acceleration (Reference
34).
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The reports in the RSAI database frequently indicated that the drivers felt certain they did
not press the wrong pedal. This appears to contradict all of this evidence reviewed above
demonstrating that the WOT-with-apparent-brake-failure condition characteristic of SAI
almost always requires a pedal misapplication. Human-factors psychologists have offered
the following hypotheses, either alone or in combination, to explain how sober, honest
drivers might have arrived at their recollections of an incident:

1. In some small proportion of the incidents, aWOT condition was caused by
a malfunction of the vehicle. The driver correctly applied the brakes, but
mistakenly described the increased stopping distance caused by WOT as
"brakes not working." Wherever there is physical evidence of such a
malfunction, pedalmisapplication wasprobably not the initiating factor.

2. For those vehicles in which it is possible to depress both pedals with the
same foot and cause vehicle movement (most vehicles with high SAI
complaintrates fall into this category), the "feel" of pressing both pedals is
similar to that of pressing the brake pedal alone.

3. When the driver becomes heavily over-loaded with information to process
and motor responses to initiate actions, as in an out-of-control situation, it
is possible that verification by neural feedback to the effect that the
intended event has really occurred, may become a low-priority activity for
the brain. That is, when the brain is too busy, it simply assumes the
muscles are performing as desired and ignores or misinterprets the
feedback provided by the vehicle's movement. For example, if
neuro-muscular feedback indicates that a pedal is depressed, the brain
assumes it is the intended pedal even when the opposite maybe the case.
(The more subtle the difference in "feel" between the pedals, the more
likely this kind of error.) In other words, the brain occasionally
remembers the neuro-muscular commands it gave rather than the
responses made to those commands.

4. In a small number of the accidents, drivers suffered concussion or other
head trauma. Such injuries may be accompanied by retrograde amnesia, a
condition of memory loss where the events of the accident and others
immediately preceding it are at least temporarily forgotten. The natural
tendency is to assume that during these lapses, one did what one normally
does, for example, pressing the brake pedal tostop the car.

5. Subconscious memory alteration in defense of the ego may occur in some
drivers who have made errors resulting in accidents.
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3.3.2 AUTOMATIC-SHIFT-LOCK EFFECTS

Support for the pedal-misapplication hypothesis is provided by recent statistical data
showing that the rate of SA accidents has dropped quite substantially for vehicles with
automatic shift-locks (ASL) relative to identical models that lack them. Drivers in
ASL-equipped vehicles must positively locate the brake pedal before shifting out of "Park"
and perform this task quite frequently. This required repetition speeds the development of
appropriate pedal use procedures. This reduces the chances for subsequent error.
(Second-generation ASLs, which prevent shifting from "Neutral" as well as "Park" are
expected to result in further reduction in RSAI.) Figure 3.3.2-1 shows the complaint rates
month-by-month for the Audi for two years. The cumulative complaint rates (9/86 through
11/88) for the ASL-equipped cars are about60% lower than the corresponding rates for the
non-ASL cars.

The only other vehicle on which an ASL retrofit has been conducted is the Nissan ZX. Data
for these carsappear in Figure33.2-2.

Due to delays in the reporting of incidents, both of the following figures are subject to
continuing revision.
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3.3.3 REPORTING FACTORS

The basic data available to the media and the public have been complaint data. The
likelihood that a driver will report an incident is usually influenced byhis orher perception
as to its cause, because in most cases, there is no physical evidence. The following are
among considerations which can affect the probability of an SAI being reported to NHTSA
and/or the manufacturer asanSAI complaint:

Severity of the incident

Publicity and mediacoverage of SA problems in general

Publicity and media coverage of SA problems of the particular vehicle in
question

Existence of a recall campaign for SA problems

Existence of an organization devoted to SA problems in a particular
vehicle and related class-action law suits

Income and education levels of the driver

Driver's awareness of the term "sudden acceleration"

Driver's expectations about the reliability of the vehicle

Incidence of non-SA malfunctions in the car

Warranty coverage

Some bias in the comparative RSAI rates among vehicle makes could result from
differences in the socioeconomic status of owners or drivers. Wealthier, better-educated
drivers mayhave a higher propensity to make theirsudden-acceleration accidents known to
the government and the media, which could lead to higher complaint rates for expensive
cars. Survey research has shown that income and education are strongly correlated with
both the propensity to complain and the propensity to contact agovernment official about a
complaint (References 3,4,18,47).

The many vehicle, driver, and other factors which impact the RSAI rate make the
comparisons between different vehicles or even among vehicles at different times very
difficult. Itwould be somewhat misleading to compare the RSAIrate for a model which has
been in the fleet for only ayear with one that has been there for several years, although the
distortion would be moderate since most complaints occur early in the life of avehicle.

The true number of events which could lead to an SAI may besubstantially larger than the
number of SAI reports, because many drivers who make pedal misapplications perceive
them as such and do not register complaints. However, when the media focus on the matter
and suggest that there are unknown mechanical or electronic causes, the perceptions of
some incident-involved drivers may be modified and cause them to conclude that their
vehicles must be at fault. In the'case of the Audi-5000 the peak complaint rates coincide
with discussions of the problem on network television (see Figure 3.3.3-1). Survey research
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has shown that a consumer who believes a manufacturer has intentionally covered up a
product defect istwice as likely to complain as one who does not hold that belief (Reference
20).

This characteristic of consumer complaint data related to SAI does not logically apply to
complaint data for other motor-vehicle safety problems. In other areas, there are usually
obvious malfunctions which are more easily verified by investigators, so that changes in
consumerperception are less likely to be a problem.
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3.4 TECHNICAL SUMMARY

Bydefinition, SAI can occur only when the engine is producing at, or nearly at its maximum
power, and when the driver intends to stop but can not. In the absence of a malfunction
creating an unintended entrance path for combustion air (which should be readily obvious
to the SAI investigator), opening the throttle is the only action which can produce high
power. Other types of malfunctions which cause significant amounts of unwanted engine
power resulting in modest amounts of acceleration do not fall within the definition of SAI
unless theystartle the driver intoa pedal misapplication.

Only the driver's foot or the cruise control can move the throttle to thewide-open position,
although binding in the throttle or its linkage, floor-mat jams, etc. may hold it there. In
certain models or families of models sharing acommon fuel-control system, throttle sticking
has been verified as the cause of a number of incidents.

No mechanism for temporary, self-correcting brake failure of any relevance to SAI was
found to exist. However, for certain types of vehicle designs, stopping distances were
substantially increased with the throttle held wide open(see Section 3.1.5). Further, under
WOTconditions, the braking forces required to stop the vehicle increase significantly. This
increase may lead drivers to believe the brakes have failed. For some very powerful,
rear-wheel-drive cars, weaker drivers may be unable to apply sufficient pedal force to stop
against WOT.

For SAI in which there is no evidence of throttle sticking or cruise-control malfunction, the
inescapable conclusion is that these definitely involve the driver inadvertently pressing the
accelerator instead of, orin addition to, the brake pedal.

While the evidence suggests that most SAI probably involve the driver unintentionally
pressing the accelerator when braking was intended, it is important to consider why the
reported frequency of these incidents Varies so widely among different models.
Vehicle-design factors, especially pedal position and pedal feel, are suggested as very
importantexplanatory variables.

Unlike other types ofsafety defects, the occurrences ofwhich are usually verifiable through
physical evidence, decisions to register SAI complaints are matters of drivers' perceptions.
Their perceptions may be influenced by a host of intervening variables. In many instances
which could lead to an SAI, the driver realizes that pedal misapplication has occurred and
never reports the matter. However, if the driver does not recognize the error, a vehicle
malfunction may be assumed and reported as such.

From the human factors point ofview, the problem is that the design and functioning of the
vehicle interact with the driver's attempts to control it in unintended and unanticipated
ways. It is agenerally accepted goal that vehicles should be designed so that they minimize
the likelihood of control-use error and maximize the probability of recovery from such
errors without harm. Drivers vary in their abilities and consistencies in sensing such
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variables as pedal feel and location. Furthermore, while a driver may be able to perform a
task correctly thousands of times, such as applying the brake pedal, occasional lapses may
still occur. Vehicle design strongly influences the frequency of these errors. Vehicles with
high RSAI rates share pedal configurations and force-deflection characteristics which could ^
be conducive to pedal misapplication.
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APPENDIX A

Curricula Vitae

Of Panel Members



John W. Adams (M'83, SM'83) received the B.E.E degree in electrical engineering from
Georgia Institute of Technology in 1954 and the M.S.E.E. in electrical engineering from
North Carolina State Universityin 1964.

1*1

(*\

He worked at Western Electric Company and Bell Telephone Laboratories from .1954 to
1960 with an interruption for military service in the U.S. Army Signal Corps. He hasworked
at the National Institute of Standards and Technology in Boulder, Coloradosince 1964. He
has worked in microwave and millimeter wave power measurements, antenna
measurements, and since 1972, in electromagnetic interference measurements. e*\

Mr. Adams is active in the IEEE EMC Society and is Chairman of the 1989 EMC
Symposium to be held in Denver, Colorado, in May of 1989.
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ArtlurD Little

DAVID M. FISCHER

Mr. Fischer is a member of the Electronic Systems Section of
Arthur D. Little, Inc. He is an electronic and electromechanical
circuit and system designer with particular expertise in discrete
component and integrated circuit electronic design, switching
circuitry, digital logic, and machine design, as well as feedback
and control theory.

Some of Mr. Fischer's accomplishments include:

• Design and implementation of a 150W switching power
supply for worldwide use in data communications
equipment

« Design of a line operated switching motor controller
for sliding doors

Advising clients on implications of UL, CSA, VDE and
FCC standards

Review for the U. S. Navy of a torpedo electric power
system

Review of power supplies for aircraft fuel management
systems

Redesign of an electronic high power furnace ignitor •

Review and redesign for two TWT power supplies
including magnetics

A study of BDC motors and associated controls for a
major automotive manufacturer

Evaluation of a novel concept for a high energy
automotive ignition system

Cost analysis of competitive power supplies for a major
personal computer manufacturer

Review of power supply manufacturing capabilities for a
major manufacturer of electronic equipment

Design of power systems and support logic for a 4 kw
rotating reciprocating engine for an aerospace
cryogenic cooler

Support and redesign of an electronic fluorescent lamp
ballast to reduce cost and complexity

Design of a proprietary flashtube illumination system
power supply for a medical diagnostic instrument
manufacturer.
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ArthirD Little

DAVID M. FISCHER (continued1

Prior to joining Arthur D. Little, Inc., Mr. Fischer was a
Principal Engineer with Codex Corporation. He was responsible to
the Director of modulation products for the review of hardware
and as a design consultant. Previously he was a member of the
power supply group and manager of modulation product support.

From 1974 to 1975, Mr. Fischer was an independent hardware
consultant in the field of electronics and from 1972 to 1974, he
was employed by the C S. Draper Laboratory, where he was
involved in the design of a new line of high density, hydraulic
motors for use in automated assembly machinery.

Mr. Fischer received his S.B. in Electrical Engineering and his
S.M. in Mechanical Engineering from the Massachusetts Institute
of Technology.
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Massachusetts Institute of Technology
Bldg. 3-340
Cambridge, MA 02136
(617) 253-2243

JOHN 3. HEYWCOD

Professor of

Mechanical Engineering

DEGREES:

FIELDS:

8.A. Cambridge University, England i960

S.M. Massachusetts Institute of Technology 1962

Ph.D. Massachusetts Institute of Technology 1965

Sc.D. Cambridge University, England 1984

Engines, Combustion, Thermodynamics, Fluid Mechanics

PROFESSIONAL EXPERIENCE:

1976 to present

1972 to present

1970 - 1976

1968 - 1970

1967 - 1968

Professor of Mechanical Engineering, M.I.T'.

Director, Sloan Automotive Laboratory

Associate Professor of Mechanical Engineering, M.I.T.

Assistant Professor of Mechanical Engineering, M.I.T.

Group Leader, Central Electricity Generating Board,
Leatherhead, United Kingdom

Research Officer, Central Electricity Generating Board

Research Associate, Mechanical Engineering Department
Massachusetts Institute of Technology

Lecturer, Northeastern University, Boston, MA

1965 - 1967

1964 - 1965

1963 - 1965

PROFESSIONAL ACTIVITIES:

Associate Fellow:

Member:

Member:

Fellow:

Fellow:

Member:

Member:

Member:

American Institute of Aeronautics and Astronautics

American Society of Mechanical Engineers
The Combustion Institute

Institution of Mechanical Engineers
Society of Automotive Engineers
Editorial Advisory Board: Combustion and Flame
Editorial Advisory Board: Progress in Energy and

Combustion Science

Editorial Advisory Board: International Journal of
Vehicle Design
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Page 2

AWARDS:

1985

1984

1982

1981

1980

1976-77

1973

1971

1969

1964

1960

1957-60

RESEARCH ACTIVITIES:

JOHN 3. HEYWOOD

American Society of Mechanical Engineers Freeman
Scholar for 1986

Recipient of Society of Automotive Engineers' Horning
Memorial Award for best paper on fuels and engines

Elected a Fellow of Society of Automotive Engineers

Recipient of Arch T. Colwell Merit Award, Society of
Automotive Engineers, for an outstanding contribution
to the technical literature

Recipient of Society of Automotive Engineers Award for
an outstanding Oral Presentation

Richard Mellon Overseas Fellow at Churchill College,
Cambridge University, England

Recipient of Arch T. Colwell Merit Award, Society of
Automotive Engineers, for an outstanding contribution
to the technical literature

Recipient of a Ralph R. Teeter Award to outstanding
young engineering educators by Society of Automotive
Engineers

Awarded Ayreton Premium, Institution of Electrical
Engineers, for paper in Proc. I.E.E.

Elected member Sigma Xi

Fulbright Travel Scholarship

Open Major Scholarship, Gonville and Caius College,
Cambridge University

Professor Heywood's research interests lie in the areas of thermodyna
mics, combustion, energy, power and propulsion. He has been active in the
field of open-cycle MHD power generation. During the past two decades, his
research activities have centered on the operating and emissions characteris
tics, and fuels requirements, of automotive and aircraft engines. A major
emphasis has been on developing models to predict the performance, efficiency
and emissions of spark-ignition, stratified charge, diesel and gas turbine
engines, and in carrying out experiments to evaluate the validity of these
models. He is also actively involved in technology assessments and policy
studies related to automotive engines, automobile fuel utilization and the
control of air pollution from mobile sources.
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He is currently Director of the Sloan Automotive Laboratory in the
^ Mechanical Engineering Department and is the Coordinator for Transportation

Programs in the Energy Laboratory, at M.I.T.

CONSULTING:

Professor Heywood has been or is now a consultant for the following
u organizations:

AVCO Systems Division, Bendix, Broken Hill Proprietary Co., Ltd.,
Coordinating Research Council, Cummins Engine Co., DeLorean Motor Co.,
Department of Transportation, Edison Electric Institute, Ford Motor
Company, General Dynamics, Jaguar Cars, A.D. Little, Inc., Mobil Research

^ and Development Corporation, National Academy of Sciences, National
Bureau of Standards, Northern Research and Engineering Corporation,
Office of Technology Assessment, O'Melveny & Myers, Pratt & Whitney
Aircraft, Thermo Electron Corporation, Turbodyne Corporation, U.S.
Department of the Treasury, U.S. Post Office.

u

v^
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LOUIS F. KLUSMEYER
Senior Research Scientist

vehicle Research and Development
Engine and Vehicle Research Division

B.S. in Industrial Arts/Physics, Western Illinois University, 1966
Graduate Studies in Business Administration, Western Illinois University, 1968-72

Registered Professional Quality Engineer

Mr. Klusmeyer's technical career began in the U.S. Navy asanuclear power plant operator, qualified on both aircraft
carrier and destroyer nuclear power plants. While in the Navy, he also served as an instructor for nuclear power
plant trainees at the destroyer prototype nuclear power plant, specializing in electronic equipment.

Afterleaving the Navy, Mr. Klusmeyer joined Motorola, Inc., where his experience included test equipment design,
vendor investigation, short- and long-term component testing, component failure analysis, and design of new
component test methods. Mr. Klusmeyer was selected as manager of the Incoming Quality Assurance department
for a new Motorola consumer products plant in Texas and was manager of that department for 3 years prior to
joining Southwest Research Institute.

At Southwest Research Institute, he has performed engineering and quality assurance functions for inspections of
commercial nuclear power plants and supported the impact sled test facility and other programs on vehicle accident
data acquisition. Mr. Klusmeyer participated in an Army program to install and test small diesel engines in the
M151A2 1/4-ton truck and to test and evaluate the White stratified-charge engine in the same vehicle. He also
served as technical manager for the DOE Electric Vehicle Demonstration Program and managed truck component
environmental test programs, motor home compliance testing for FMVSS requirements, and a project to analyze
and measure vehicle seat comfort.

Mr. Klusmeyer hasmanaged programs thatinvolved FMVSS compliance testing, fault analysis, andin-service testing
of foreign medium- and heavy-duty trucks from several manufacturers. During these programs, he visited large
numbers of truck dealers, distributors, and fleet users: was involved in in-service truck tests in nine states: and
traveled to customer-designated sites to provide engineering input required for fault analysis and repair or design
change. He managed a test and analysis program for transit coach anti-lock brakes and was program manager for
a study of truck and bus fleet needs in the field of vehicle and engine diagnostics. Recently, he served as manager
of projects that investigated currently available on-board data recorders, selected those most suitable for monitoring
anti-lock braking performance, installed the selectedrecorders on anti-lock-equipped truck tractors, and monitored
the performance of the recorders and the anti-lock brake systems.

PROFESSIONAL CHRONOLOGY: U.S. Navy 1958-65; Motorola, Inc., consumer and automotive products divi
sions, 1966-76: Southwest Research Institute, senior research scientist, 1976-.

Rev/Nov 87

A ?. C. h INST!

A-8



RAYMOND MAGLIOZZI

Owner & Operator
Good News Garage
75 Hamilton Street

Cambridge, Massachusetts 02139
(617) 354-5383

B.S. Humanities & General Science, MIT, 1972

After graduating from MIT, Raymond Magliozzi opened Hacker's Haven in Cambridge,
a do-it-yourself garage. He taught courses in the fundamentals of auto repair there
as well as at the Cambridge Center for Adult Education.

Hacker's Haven evolved into. Good News Garage, a ten-bay facility staffed by
professional mechanics.

In 1976 together with his brother, Tom, Mr. Magliozzi created the weekly radio
program, "Car Talk." In 1988, the program was syndicated for broadcast by National
Public Radio affiliates around the country.
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GARY L STECKLEIN
Director

Department of vehicle Systems Research
Engines, Emissions and vehicle Research Division

B.S. in Mechanical Engineering, Kansas State University, 1974
M.S. in Business Administration, University of Texas at San Antonio, 1985

Registered Professional Engineer, State of Texas

Gary Stecklein began his professional career as a design engineer with Deere & Company in I974. In this capacity
he designed components for prototype industrial crawler loaders and dozers, including structural and hydraulic
components.

Mr. Stecklein waspromoted to product engineer for Deere & Company in I977. As product engineer he determined
engineering specifications for, and performed feasibility design analyses of. two industrial crawlers that included
detailed design of frames, power train subsystems, and working tools: patented three lubrication sealing techniques
that reduced maintenance requirements; patented a backhoe-wheel loader boom that extended its operational range:
and developed manufacturing processes for flame cutting a continuous bevel and rigidly securing levers to shafts
without the requirement for boring the .shaft.

In 198U, Mr. Stecklein joined Southwest Research Institute as a senior research engineer. In I984. he was promoted
to section manager and promoted again in 1987 to his present position as director. In these capacities he has served
as project manager on four heavy-equipment research programs for government and military sponsors; performed
35-tonhaulage truck stabilityanalysis tests; model-tested various designs of anearthmoving tool:evaluated alternate
reclamation equipment systems: and researched and documented sources of airborne respirable dust as it relates to
fragmentation. As manager. Mr. Stecklein was responsible forwork performed in his section, including mechanical,
electrical, and hydraulic design: control systems research; filtration and fine-particle technology: and failure analyses
and performanceevaluations as they pertain to vehicular applications.

Most recently, Mr. Stecklein has participated in the developmentof microcomputer-based controlsystems for vehicle
applications including a steering system to increase vehicle maneuverability: drivetrain controllers to control engine
and hydrostatic or electric drivetrain components: and vehicle cooling and hydraulic subsystems.

PROFESSIONAL CHRONOLOGY: Deere & Company. 1974-80 (design engineer. 1974-7: project engineer. 1977-
80); Southwest Research Institute. I980-(senior research engineer, 1980-4; manager. 1984-7: director. 1987-).

Memberships: Society of Automotive Engineers: American Society of Mechanical Engineers.

Patents: U.S. patent numbers 4,004.855; 4.188.146; 4,192.622: 4.203.684:4,212.582; 4.477.987; and 4.292,002.

Rev Aug/87
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Philip B. Sampson, Ph.D.
Hunt Professor of Psychology

Resume

Department of Psychology
Tufts University
Medford, Mass. 02155
Tel: (617) 381-3522

Military Service - Active duty. WWTI. 1942-1946, Air Force Pilot
A.F. Reserves - retired

Education:

Sept. 1941 to Sept. 1942 - Worcester Polytechnical Institute. No Degree
Feb. 1950 to June 1952 - Tufts University. B.S. Psychology 1952
Sept. 1952 to Sept. 1955 - University Rochester, Ph.D. Psychology

' 1957

Employment:

1938 - 1941 temporary jobs: lumber yard, super market, truck driver.
1942 - 1946 Air Force; Military Pilot
1946 - 1948 East Coast Aviation - ChiefPilot, operations manager.
1948 - 1951 Educational Research Corporation (Harvard affil.) Pilot
1955 - present Tufts University, Prof. &former Chair, Dept.

Psychology . •

Human Factors consulting & research activities:

Civil Aeronautics Adm. - Various studies in Aviation Psychology
Raytheon Co. - Sparrow missile, operator workstation, B 52 Bomber.
National Co. - Design of interior and workstation, communications

trailer.
Laboratory for Electronics - Design of helicopter pilot display panel.
Air Force. Wright Field - cockpit visibility studies.
A.D. Little Co. - a) development of Human Factors specifications for the

National Association ofAluminum Storm Door and
Window Manufacturers,

b) design of operator console for loading fuel on Atlas
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missile.
Sylvania Corp. - lighting studies
Dept. of Defense, R&D division - served on panel of consultants who

were asked to develope recommendations
concerning the training of guided missile operators
and other personnel.

Office of Naval Research - determination of the dynamics of eye
movements during visual tracking of moving targets.

H.E.W., Natl Inst of Dentistry - humans factors in the design of dental r*
operatories.

Human Engineering Lab.. U.S. Army Aberdeen Proving Grounds -
minimum space requirements for crew members in
ACV.

D.O.T. Transportation System Center. Panelist on Sudden Acceleration
Accidents. ^

Human Factors memberships:

Human Factors Society - Attended founding convention in 1957 and
have been a member ever since then.

Amer. Psy Assoc., Division 21, Engineering Psychology

Psychology memberships:

American Psychological Association - 1955 to present
Eastern Psychological Association - 1962 to present •*>

Teaching:

At Tufts I have taught introductory, intermediate, advanced and graduate
level course in Psychology, Human Factors and Engineering Psychology, from
1955 to the present. These courses were:

Introductory Psychology
Quantitative Methods
Sensory Psychology
Perception
Cognition, with lab ^
Introductory Engineering Psychology
Industrial Organizational Psychology
Thinking
Advanced Engineering Psychology
Advanced Projects in Human Factors
Environmental Psychology ^
History of Psychology
Psychometric's
Senior Seminar

Graduate Seminar in Cognition
Graduate Seminar in Human Factors *,

l"*.

fa

<**)
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Graduate Seminar In Philosophy of Science for Psychologists
Proseminar in Psychology

I have chaired dissertation committees for about 14 Ph.D. recipients.
Over half of these were in Human Factors. In this group are Deans and
department Chairs of Psychology in prestigeous universities, as well as the
heads of Human Factors departments in important industries.

I have also chaired thesis committees for over thirty masters Degree
candidates.

A major teaching and advising responsibility is the undergraduate major
in Engineering Psychology. This program was started in the mid seventies by
Sampson, Mead, Hill and Kriefeldt. Mead and Hill have retired and were not
replaced but the program has grown so that it is approaching 90 majors -
larger than many academic departments. The program was toe first
undergraduate one of its type in the country, is very well received by industry,
and there are stiH only several such programs now.

Publications:

1-6. Reports in the general area of Aviation Psychology, written on
contracts with the CAA, the Air Force and the National Science Foundation.

7. Gerall, AJl., Green, RF., Sampson P.B. and Spragg, S.D.S.
Performance on a tracking task as a function of position, radius and loading of
control cranks. Part I. Stationary Targets. J. of Psychology. 1956. 4X 135-143.

8.^ Gerall, AA. Green, R.F., Sampson, P.B. &Spragg. S.D.S. Performance
on a tracking task as a function of position, radius and loading of control
cranks. Part II. Moving Targets. J of Psychology. 1956, 4JL, 144-156.

9. Gerall, AJl., Sampson P.B., & Spragg S.D.S. Method for studying
performance on a simple tracking task as a function of radius and loading of
control cranks. Army Medical Research Lab. Proj. #6-95-20-001. Rpt#144.
April 1954.

10. Gerall, AA, Sampson P.B. & Boslov, G.L. Classical conditioning of the
human pupillary dilation. J. of Exp. Psvchol., 1958, §£. 467-474.

11. Sampson. P.B. The effect of physical characteristics of controls on
the intermittencv of human tracking performance. University of Rochester.
Rochester, N.Y., 1957. (Ph.D. Dissertation).

12. Wulfeck. J. et. al. Vision in Military Aviation. WAD.C. Tech. Rept.
58-399, 1958. (Three chapters in this document were written by me.)

13. Sampson. P.B., Devoe. D. Human Factors In Helicopter
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Instrumentation. A survey of the literature / A report of interviews with
helicopter pilots. Contract AF33(600) 34034. Laboratory for Electronics.
Boston, Mass. 1957.

14. Ronco. P.G. , Chandlee, J. & Sampson, P.B. Human Factors in
Helicopter Instrumentation: An evaluation of two navigation displays. Contract
AF33(600) 34034. Laboratory for Electronics, Inc., Boston, Mass. 1958.

15. Sampson, P.B. Human Factors in Helicopter Instrumentation:
Hovering Displays. Contract AF33(600) 34034. Laboratory for Electronics, Inc. ^
Boston, Mass. 1958.

16. Sampson. P.B. Human Factors in Helicopter Instrumentation: A final
report. Contract AF33(600) 3404. Subcontract #484-76004, Laboratory for
Electronics, Inc., Boston, Mass. July 1959.

17. Sampson, P.B. Experimenting with people, a review of a book by
Chapanis, A. Research Techniques in Human Engineering. Published in
Contemporary Psychology. Sept. 1959.

18. Sampson. P.B. & Coleman, P. The feasibility of using the eve as a
source of control signals in tracking. Physiological Psychology Branch. Office of
Naval Research, Contract Nonr 494-U6) Proj. #N.R. 144-122. Washington. D.C.
1959.

19. Sampson, P.B. Head and eve tracking in response to velocity and
acceleration inputs. Physiological Psychology Branch, Office of Naval Research.
Contract Nonr 494(16) Proj. #N.R. 144-122, Washington, D.C. April 1960.

fa

fa

fa

<*^

19a. The preceding monograph included in:
Levey-Schoen, Ariane. LTStude Des Mouvements Oculaires: Revue
des techniques et des connaissances. Ouvrage publie avec le <*
concours du centre National de la recherche scientifique. Dunod.
Paris. 1969.

20. Elkin, E.H. & Sampson. P.B. Head and eye tracking movements in
response to velocity and acceleratation inputs. XIV International Congress of
Applied Psychology. Copenhagen, Denmark 1961. fa

21. Sampson, P.B. & Wade, EA Literature survey on Human Factors in
visual displays. RADC TR61-95, Contract AF30(602)2358. Rome Alr
Developement Center, N.Y., June 1961.

22. Sampson. P.B. & Elkin, E.H. Levels of display integration in
compensatory tracking. J. Perceptual Motor Skills. 1965. 2Q_. 59-62.

23. Sampson, P.B. Use ofA-D converters in computer automated
research. (In-house technical document). Decision Sciences Laboratory. Air
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Force, Electronics Systems Division. Hanscomb Field. 1965

24. Hill. P. and Sampson. P.B. Biodental Research Methodology.
Biodental Monograph Series. H.E.W. National Institute of Dentistry. 1969.

25. Sampson, P.B., and Hill, P. A Survey of Dental Practice. Biodental
Monograph Series. H.E.W. National Institute of Dentistry. 1970.

26. Mead, P.G. and Sampson P.B. Hand steadiness during unrestricted
linear arm movements. Human Factors 1972 14(1). p. 45-50.

27. Sampson, P.B. and Ashkouri, H. Minimal Space Requirements for
Humans in ACVs. (Final Report) Aberdeen Proving Ground. Maryland. April
1982.

28. Pollard, J. ed. Interim report of panel on sudden acceleration.
Transportation Systems Center. Cambridge Mass. Oct. 1988. (Sampson.P.B.
panel member arid contributer)

Current Grants

1. Sampson, P.B. Grant procurement and administration. Biomedical
Research Support Grant. Since 1977; 12 consecutive years. Current award
about $79,000.

2. Sampson, P.B., Assessment of Human Stress using Signal
Detection Theory methodology. 1988-89 award by Faculty Research Award
Committee.

Recent Graduate Student Research Supervision (I have been quite involved
in all this research)

1. Asiu, Bernard. Absolute Judgement versus Absolute magnitude
estimation to convey information through symbol magnitude changes in CRT
displays. (Thesis Chair)

2. Brown, Tony. Readibilitv Factors Associated with Continuous Text
on a CRT Display (Thesis Chair)

3. Ziskind, David. Linear Perspective is not Linerar: Compensation for
Visual Field Spansinn Purine Movement (Dissertation committee member-
took over responsibility when Josh Bacon left)
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4. O'Hearn, Brian. Soatial Mapping of Reversed Cvclooean Depth.
(Thesis Chair).

5. Salvador, Tony. Positive Contrast Characters Presented on a CRT
are Easier to Recognize than Negative Contrast Characters finripppnripnt
study sponsor).

Featuresand Emergent Features. (Thesis Chair)

6. Lesnick, Grace. Proof-reading Performance as a Function of
Expectancy: The Effects ofCultural Stereotype and Experience. (Thesis
Chair).

7. Russo, Patti. Organizer Elaboration and its Effect nn
Comprehension ofComputer User Manuals. (Thesis Chair)

8. Goodman, Harold. Response Time Differences in Number Pad Use bv
Left vs Riahthanded Individuals. (Inrfepanripnt Research Sponsor)

9. Weinberg, Nanci. The Physical Context of Earlv Behavior
(Dissertation Chair - proposal still being written)

10. Reischman. Rebecca. Lexical Access Without Search: Evidence

from Soeed-Accuracv Tradeoff Paragigm. (Dissertation Committee Member -
work complete).

11. Krafczek, Stacie. The Role of Syntactic Information in Visual
Pattern Recognition. (Thesis committee member-work complete)

12. Hodes, Diane. Quantified Measures of Screen Layout. (Thesis
committee member - work complete).

13. Geer. Shril. Orientation toward Achievement: Impact versus

Process. (Thesis Chair).

14. Voland, Gerard. Using Visual/Verbal Exercises to Integrate
Thought Processes and Representational Formats During Engineering Design.
(Dissertation committee member).

15. Kleeman. Michael. User/CAD Interface Guidelines for Cgnceotual
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Engineering Design. (Thesis Committee member)

16. Iyengar. Chandravalee. Development of a Multi-character Kev.
Text-Entrv System using Computer Disambiguation: A Human Factors

Approach. (Thesis committee member).

17. Coopper. Brian. Development pf an Algorithm for Adaptive CAD
Interface Design. (Thesis committee member).

Research in Progress

1. Interval Estimation Study. Part of a series of studies dealing with
human error and randomness. About 20 more subjects need to be run.

2. Human Tracking Studies. Programming partly done. Will simulate
three control orders (0,1,2) and allow for a mathematical forcing function
input.

3. A Behavioral Measure of Human Stress based on Signal Detection
Theory. Some programming revisions are need as well as collection of more
data.

Current Committee Work

1. Departmental Committees on:
a) The Graduate Committee
b) Research and Equipment Committee

2. University Committes on :
a) Faculty Research Awards Committee
b) Committee for the Protection of Human Subjects - Acting Chair
while Bushnell on sabbatical. Revised Tufts Assurance Statement

(for second time) and extended our coverage to 1993.
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BENJAMIN TREICHEL
Research Engineer

Vehicle Research and Development
Engine and Vehicle Research Division

B.S. in Mechanical Engineering, University of Wisconsin) 1984

Benjamin Treichel began his career as an aircraft mechanic, where he gained valuable experience in the areas of
turbomachinery design and operation. This experience also provided him with a working knowledge of basic
mechanical control system hardware and the production processes required to obtain very close-tolerance machined
parts.

During his engineering education. Mr. Treichel worked for Argonne National Laboratory, a data acquisition and
analysis facility, establishing a Stirling engine test based on a HP 1000 series computer. Hedeveloped the software
to control the test and obtain and analyze test data.

In 1984. MrTreichel joined Southwest Research Institute asa Research Engineer. Hedeveloped thecontrol systems
for dual path electric and hydrostatic transmissions inmilitary vehicles, working intheareas of flowchart preparation,
software preparation, simulation and modeling, and hydraulic and electric control system component testing. He
has also been involved in the data acquisition development effort associated with automatic strain data gathering
instrumentation.

PROFESSIONAL CHRONOLOGY:-Argonne National Laboratory, studentengineer. 1982-3; Southwest Research
Institute, research engineer, 1984-.

Memberships: ASME; Tau Beta Pi

Rev/Oct 86
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APPENDIX B

Office Of Defects Investigation
Information Request Dated January 29,1988



(See

Distribution:

GM MERCEDES
FORD VOLVO
CHRYSLER SAAB
NISSAN MAZDA
TOYOTA SUBARU
HONDA BMW

VOLKSWAGEN

TArJ- IV, IM
attached address list.)

NEF-122wjr
TSC-SA

Dear :

The National Highway Traffic Safety Administration (NHTSA) has arranged
for an independent study .of the "sudden acceleration" (hereafter called
SA) phenomenon to be performed by several contractors, each specializing
in a different area, which will be coordinated by the Transportation
Systems Center (TSC) 1n Cambridge, Massachusetts, a government
organization Independent of NHTSA. This study will be performed
separately from, and 1n addition to, normal Investigative activity by the
Office of Defects Investigation. Additional Information 1s provided in
the enclosed press release.

ft

T*>

ft

fa

ft

ft

ft

In order to perform this study, certain information which 1s not available
from published sources such as shop manuals, etc., 1s required. The
specific Information described below 1s required, and additional
Information may be required 1n the near future. Pursuant to Sections 108 '
and 112 of the National Traffic and Motor Vehicle Safety Act (the Act).
please provide the Information which 1s described below. If you cannot
provide the requested Information, please state the reason.

Furnish a copy of all test reports, studies, or analyses performed by or
which were performed by contractors, suppliers, or other entitles for ^
pertaining to SA In passenger cars equipped with automatic transmissions.
Reports pertaining to Investigations of incidents Involving only specific
Individual vehicles need not be provided, but all reports pertaining to
groups of vehicles, (e.g., specific models or model years of vehicles,
specific engine designs, etc.) as well as all reports pertaining to SA in
general should be provided. Relevant existing reports pertaining to human
factors tests or studies, statistical studies, or groups of vehicles
produced by other manufacturers should also be Included.

ft
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Reports which were provided to this office 1n response to previous
information requests need not be resubmitted provided they are referenced
by Investigation number (such numbers appear In the upper right hand
corner of our Information requests and begin with the letters PE, IR, DP,
EA, or C, followed by numbers), date of correspondence, and page number.
Reports dated prior to January 1, 1980, need not be provided, but may be
provided at your option.

We also encourage^you to provide additional comments concerning the scope
or the methodology of the investigation or other recommendations relating
to action NHTSA should take to obtain a better understanding of the causes
of SA accidents and reduce the future Incidence of such problems.

It is Important that you respond to this letter on time. This letter Is
being sent pursuant to Section 112 of the Act, which authorizes this
agency to conduct any Investigation which may be necessary to enforce
Title I of the Act. Your failure to respond promptly and fully to this
letter may be construed as a violation of Section 108(a)(1)(B) of the Act.

Your written response. In triplicate, referencing the Identification codes
In the upper right hand corner of page 1 of this letter, must be submitted
to this office within 15 working days from your receipt of this letter.
If you find that you cannot respond within the allotted time with all the
requested information, you must request an extension from the Director,
Office of Defects Investigation, no later than 15 working days prior to
the due date for your response. A telephone request for an extension may
be made to the Director at (202) 366-2850, but 1t must be confirmed 1n
writing. On-time delivery of partial submissions should be made when
circumstances prevent meeting the required delivery schedule.

If any portion of your response 1s considered confidential Information,
include all such material in a separate enclosure marked confidential.
In addition, you must submit a copy of all such confidential material
directly to the Chief Counsel of NHTSA and comply with all other
requirements of 49 CFR Part 512, Confidential Business Information.

If you have any technical questions concerning this matter, please contact
Mr. Wolfgang Relnhart of my staff at (202) 366-1573.

Sincerely,

Michael B. Brownlee. Director
Office of Defects Investigation
Enforcement

Enclosure:
October 16, 1987 Press Release
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APPENDIX C

Office Of Defects Investigation
Information Request Dated February 25,1988
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CERTIFIED MAIL

RETURN RECEIPT REQUESTED

Mr. Frank Slaveter NEF-122wjr «
Technical Compliance Manager TSC-SA
Nissan Motor Corporation in U.S.A.
P.O. Box 191
Gardena, CA 90247

Dear Mr. Slaveter: ^

We Informed you in a letter dated January 29, 1988, that the National
Highway Traffic Safety Administration (NHTSA) has arranged for an
independent study of the "sudden acceleration" phenomenon to be
coordinated by the Transportation Systems Center (TSC) in Cambridge,
Massachusetts, a government organization Independent of NHTSA. In order <*•
to perform this study, it 1s necessary to obtain detailed technical design
information for a selected sample of vehicles. The Nissan vehicle for
which technical Information is required 1s the 1985 Nissan 300ZX model.
For purposes of this Information request, the following terms are defined
unless otherwise described:

fa

o Subject vehicles: all 1985 model 300ZX Nissan vehicles equipped
with standard (not turbo) engines and automatic transmissions sold
1n the United States.

o Nissan: all the personnel and files of the Nissan Motor
Corporation In U.S.A., Incorporated, Including all suppliers, ft
contractors, and field personnel.

In order for my staff to evaluate the alleged defect, certain Information
1s required. Pursuant to Sections 108 and 112 of the National Traffic and
Motor Vehicle Safety Act (the Act), please.provide numbered responses to
the following Hems. Please repeat each item verbatim before the r*»
response. If you cannot answer any specific question, please state the
reason.

1. Furnish the total number of the subject vehicles Nissan has sold 1n
the United States. If more than one engine variation was available,
provide the data broken down by engine configuration. ft

ft
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2. Provide a copy of all service bulletins or other written notices to
dealers relating to any of the following subjects Involving the
subject vehicles:

a. The braking system, or braking system components;

b. The electrical system;

c. The engine, Including engine control systems; and

d. Any notice relating to engine idle speed or unwanted vehicle
acceleration due to any reason.

3. Provide a copy of the Part I submission to the Environmental
Protection Agency describing engine control systems for the subject
vehicles.

4. For the electronic control unit (or units) which control engine Idle
speed directly or Indirectly (by controlling air flow Into the engine,
ignition timing, air/fuel ratio, etc.), provide the following
technical Information applicable to the subject vehicles with Federal
(as opposed to California) emission control systems. If changes were
made during production of the subject model year vehicles, provide the
requested Information applicable to the first group of normal
production vehicles which constituted no less than 20 percent of the
subject vehicles. Information pertaining to electronic cruise control
units for cruise control systems should be included only if the
electronic control unit is Integrated 1n a unit which also performs
other functions relating to engine Idle speed.

a. Further describe the subject vehicles which contain the above
described electronic control units by providing the approximate
vehicle production dates, the approximate range of Vehicle
Identification Numbers, and the approximate vehicle population;

b. Provide a brief description of the subject electronic control
unit. Its function, and theory of operation;

c. Identify the vendor;

d. Provide an electrical schematic diagram;

e. Provide a parts lay-out drawing; and

f. Provide the source code listings for the logic program. Provide
the program translated into the English language and Identify the
computer language 1n which it 1s written.
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5. If a cruise control system was available as standard or optional
equipment (not dealer Installed aftermarket systems) on any of the
subject vehicles, provide the following Information. If cruise
control system changes were made during production of the subject
model year vehicles, provide the requested Information applicable to
the first group of normal production vehicles which constituted no
less than 20 percent of the subject vehicles.

a. Further describe the subject vehicles which contain the above
described cruise control systems by providing the approximate
vehicle production dates, the approximate range of Vehicle
Identification Numbers, and give the approximate vehicle
population;

b. Provide a brief description of the complete cruise control system _
Installed In above described group of vehicles, and explain Its
theory of operation;

c. Provide a brief description of the electronic control unit for the
the subject cruise control system;

d. Identify the vendor; ^

e. Provide an electrical schematic diagram;

f. Provide a parts lay-out drawing; and

g. Provide the source code listings for the logic program. Provide ^
the program translated Into the English language and Identify the
computer language 1n which 1t Is written.

For purposes of examination and testing, one functional sample electronic
control unit, as described 1n Item Number 4, and a cruise control system
control unit, as described 1n Item Number 5, are required. Since the ^
testing may ultimately be destructive, such units would not be returned.
Your assistance 1n voluntarily providing such units would be greatly
appreciated. If you are able to provide such units please send them as
soon as practical to this office. If you are not able to provide such
units, please provide suggestions how we could obtain them.

It Is Important that Nissan respond to this letter on time. This letter
Is being sent pursuant to Section 112 of the Act. which authorizes this
agency to conduct any Investigation which may be necessary to enforce
Title I of the Act. Your failure to respond promptly and fully to this
letter may be construed as a violation of Section 108(a)(1)(B) of the Act.

Your written response, in triplicate, referencing the identification codes
in the upper right hand corner of page 1 of this letter, roust be submitted
to this office within 20? working days from your receipt of this letter.
If you find that you cannot respond within the allotted time, with all the
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requested Information, you must request an extension from the Director,
Office of Defects Investigation, no later than 5 working days prior to the
due date. A telephone request for an extension may be made to the
Director at (202) 366-2850, but it must be confirmed in writing.

If any portion of your response Is considered confidential Information,
Include all such material In a separate enclosure marked confidential. In
addition, you must submit a copy of all such confidential material
directly to the Chief Counsel of NHTSA and comply with all other
requirements of 49 CFR Part 512. Confidential Business Information.

If you have any technical questions concerning this matter, please contact
Mr. Wolfgang Relnhart of my staff at (202) 366-1573.

Sincerely,

Original signed by
Michael B. Ercv;r.:se

Michael B. Brownlee, Director
Office of Defects Investigation
Enforcement

cc:

Mr. Tomoyo Hayashl
Engineering Staff, Safety
Nissan Research & Developement, Inc.
1919 Pennsylvania Ave, NW, Suite 707
Washington, DC 20006

C-5
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APPENDIX E

Cruise Control, Braking and Electrostatic Discharge
Tests Conducted By The Vehicle Research and Test Center



Background Intermittent failures in cruise controls have frequently been suggested
as a possible causeof suddenacceleration. Two fundamentally different
types of failures are possible: (1) Intermittent shorts or opens in or near
the output stage(s) could possibly drive the output to the WOT
condition as fast as the servo unit is capable of responding. Mats
Gunnerhed describes this type of failure in an older analog type
controller in which a single-point open-circuit can produce this result.
(Reference 32) (2) Intermittent connections in the speed-sensing
circuitry or intermediate processing stages could conceivably generate
electrical noise which could be interpreted as a valid speed signal above
the minimum value so that if the driver happened to bump the set or
resume controls, the cruise control might engage or "resume" to a
previously set speed even though the vehicle was actually stopped or
travelling very slowly. This second type of failure would normally
produce slower throttle opening than the first because the control logic
does not generally permit 100% duty-cycles in the drive circuitry for the
servo.

If such failures could occur, the question naturally arises as to how far
and how fast a car might move as a result If the driver were actually
pressinghard on the brake pedal as soon as the incident began, as most
have claimed, how long would it take to stop?

Because of questions about the braking performance of
rear-wheel-drive cars (see Section 3.1.5 of the body of this report), it
was decided to make various measurements of stopping distances on
these cars during the same test sessions as the cruise-control tests.

A third possible explanation for sudden acceleration is malfunction of
cruise controls as a result of interference from strong electromagnetic
fields. One of the most effective techniques for determining the
susceptibility of any piece of electronic equipment to such fields is the
use of an electrostatic discharge simulator. Such devices are designed to
generate high voltages, typically 25,000 maximum, but with discharge
energies limited to a few hundred milli-Joules, so that they are not
unduly hazardous to test technicians. Within the immediate vicinity of
their discharge adapters they can produce E-fields several orders of
magnitude greater than nearby radio transmitters. Because of the very
rapidrise time of the discharge current, typically a few nanoseconds, the
peak currents approach 100 Amperes. Thus with appropriate adapters,
these devices can also generate intense magnetic fields, on the order of
several hundred Amperes per meter. The rapid rise-time of a spark
discharge also happens to produce a waveform which is mathematically
equivalent to the sum ofan infinite number ofsingle-frequency sources
covering the entire radio-frequency spectrum. Hence, the ESD
technique is very widely employed throughout the electronics industry.
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Professor Shuichi Nitta of Tokyo University of Agriculture and
Technology has reported that at least one type ofcruise-control used by
Nissan is subject to a throttle-opening malfunction in response to the
discharge of 10 kV sparks near the cruise-control wiring harness.
(Reference 25)

Objectives Theobjectives ofthese tests were simply to characterize thebehavior of
each of several passenger cars with relatively high SA-complaint rates
under simulated cruise control failures. The characteristics of interest
were acceleration, speed, distance, pedal force required to stop, etc., as
described in thefollowing section onprocedure. Braking and ESD tests
were carried out at the same sessions.

Procedures

and Results Procedures and results are contained in the two memoranda prepared
by VRTC which follow. The first describes the tests on the two Audi
5000s, while the remaining eight vehicles are covered in the second.
Figures E-l through E-5 contain photos of the instrumentation used in
these tests.
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Figure E-1: Instrumentation recorder and displays.
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Figure E-2: Modified cruise control is shown mounted just below dash board. The
brake pedal force transducer reading is displayed on the large meter above
the speedometer.
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Figure E-3: The fifth wheel is pivoted at the side so that it can readily be used in
both forward and reverse.
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Figure E-4: The throttle-position sensor is the small cylindrical device near the
center of this photo with the white cable attached. The vacuum servo is
slightly to the right of center.

Figure E-5: The accelerometer is bolted firmly to the car body.
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© Memorandum
US Department
of Transportation

National Highway
Traffic Safety
Administration

Vemcw Research wa Test Center P. 0. Box 37
Eall Liberty. Ohio 43319
(S13) 666-4511

Subiecl

From

To:

MEMORANDUM REPORT - VRTC-7-8-0128

Cruise Control and Braking Tests
on Audi 5000 Vehicles

James E. Hofferberth, Director

Vehicle Research and Test Center

John Pollard, DTS-45
Transportation Systems Center

Date:

NOV 3 '938

ly to
Attn, ol: NRD-20

1.0 INTRODUCTION

This memorandum is a report concerning tests on two Audi 5000 vehicles,

owned by the National Highway Traffic Administration (NHTSA), at the Vehicle

Research and Test Center (VRTC). The tests described in this report were

performed in response to a request from the Transportation Systems Center

(TSC), Research and Special Programs Administration (RSPA). The TSC is

conducting an investigation for the Office of Defects Investigation (ODI),

National Highway Traffic Safety Administration (NHTSA) concerning alleged

sudden acceleration on certain vehicles with automatic transmissions. As

part of these investigations, the TSC wanted cruise control and braking

tests on various vehicles with high sudden acceleration complaint rates.

2.0 Discussion

The purpose of this test program was to test several passenger vehicles with

automatic transmissions to determine vehicle performance (acceleration and

stopping) with simulated cruise control failures, to determine braking

performance in both Drive and Reverse for the Audi 5000 and some rear-wheel-

drive (RWD) vehicles, and to determine the effects of electro-static

discharge (ESD) on cruise control systems.

SAFETY BELTS SAVE LIVES
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This test program was done in four parts; cruise-control tests on Audi 5000

vehicles, cruise-control performance in other vehicles, braking tests on

the Audi 5000 and some RWD vehicles, and effects of ES0 on cruise control

systems. This report covers only the tests on the 1982 and the 1984 Audi

5000 vehicles owned by NHTSA. The primary purpose of this part of the test

was to determine how rapidly the Audi 5000 vehicles can accelerate from a

stationary position if the cruise control system was to malfunction and

begin to open the throttle as soon as the driver shifted the transmission

into Drive. Tests included measuring the acceleration by normal idle

induced "creep", when the gas pedal was floored, and when cruise control

system failures were simulated. Braking tests with various brake

application delay times and pedal forces were also conducted. In addition,

braking tests from 30 mph in both Drive and Reverse with the throttle wide

open and closed and ESD tests were conducted for both test vehicles.

2.1 Test Vehicles

The vehicles tested were two Audi 5000 vehicles owned by NHTSA. One was a

1982 model (VIN WAUGB043XCN061065) with an odometer reading of 53,348 miles

and the other was a 1984 model (VIN WAUFB0444EN099818) with an odometer

reading of 41,743 miles. Proper engine, brake, and general vehicle

performance were verified prior to the test. Idle speed was also verified

to be within specifications. TSC prepared modified cruise control units for

both the 1982 and the 1984 Audi test vehicles. Each unit was fitted with

toggle switches so that when all of the switches were set to "off", the unit

functioned normally. For both the 1982 (analog) controller and the 1984

(microprocessor) version, the following switched test conditions were used:

1 - Direct short of the vacuum pump and vacuum dump valve to ground (worst

case).

2 - Fault in minimum speed circuit permitting "resume" from a standstill.

TSC provided a signal generator for the false speed signal.
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The brake-pedal-actuated vacuum-dump switch remained in place and functional

for these tests. Instrumentation was installed to record vehicle speed,

acceleration, distance traveled, throttle position, engine rpm, brake pedal

force, and cruise control system vacuum as a function of time. The interior

volume of the cruise control vacuum system was not significantly changed by

adding a vacuum transducer for measurements.

0 7 Test Equipment

8 Channel Recorder

Inverter

Servo-Accelerometer

Pedal Force Meter

Performance Monitors

0-15 psi Pressure Transducer

Linear Position Potentiometer

5th Wheel

Tach Generator

Timer Control Box

VHS-C Video Camera

35 mm Camera

GULTON Model TR800

NOVA 500 Watt

KISTLER Model 305

GSE Model 3100

LABECO Model 625

BELL & HOWELL Model 4-424-0001

BOURNS 3-Inch (Throttle Pos.)

TRACK TEST

WESTON Model 750

VRTC Special Fixture

GENERAL ELECTRIC Model 9-9709

MINOLTA SRT200

1*2 Test Procedures

Each test vehicle was tested using the test procedure/data forms shown in

the Appendix. The engine was warmed to normal operating temperature for the

tests. Tests were conducted on the Vehicle Dynamics Area and an adjacent

area with a nominal skid number of 80. Test Series 1 (gas pedal floored),

Series 2 (normal idle induced "creep"), and Series 3 (simulated cruise

control malfunctions) were non-braking tests. For the minimum speed circuit

fault or "spontaneous resume" condition, the transmission had to be left in

Drive and the test initiated by a special "false speed signal" circuit

supplied by TSC.
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Test Series 4 (throttle wide open during stop), Series 5 (throttle closed

during stop), Series 6 (vacuum pump/dump valve failure), and Series 7

(minimum speed circuit fault) were braking tests in which the brakes were

applied after approximately 1 and 2 seconds and with pedal forces of

approximately 60, 100, and 150 lb for each series. The driver's foot was

used to supply the brake pedal force. Some tests were not made at 150 lb

pedal force if wheel lockup was present at 100 lb.

Test Series 8 was made to determine the minimum brake pedal force (applied

in Park and then maintained after shifting to Drive) to prevent the cruise

control from causing the vehicle to move when the cruise control pump

started (shorted to ground) and the dump valve was plugged.

Test Series 9 (throttle closed during stop) and Series 10 (throttle wide

open during stop) were braking tests in both Drive and Reverse to determine

the minimum stopping distance from 30 mph.

Test Series 11 were braking tests in both Drive and Reverse for a 0.33 g

(10.7 fpsps) stop from 30 mph with the throttle closed (normal) and wide

open. Finally, braking tests were run in both Drive and Reverse from 30 mph

with the throttle wide open and the same braking force as applied in the

original normal stop.

Test Series 12 were ESD tests, a literally a point-and-shoot procedure on

the piece of wiring harness that runs to the cruise control. The object is

to see if the cruise controls can be caused to exhibit intermittent throttle

opening by applying a magnetic field or 25,000 volt spark to the wiring

harness. TSC delivered the ESD simulator gun to VRTC and participated in

the testing at VRTC for these two test vehicles. For these test vehicles,

an ESD spark was also applied directly to the case of the cruise control

computer module.
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2. Test; Results

Copies of the individual data sheets for the two Audi 5000 test cars are

included in the Appendix. The chart recorder data will be forwarded to TSC.

For Test Series 1 (gas pedal floored), the test vehicles required about 5

seconds to reach 30 mph. For Series 2 (normal idle induced "creep"), the

test vehicles required over 20 seconds to reach 100 ft with a final speed of

about 5 mph. For Series 3 (simulated cruise control malfunctions), the test

vehicles required about 7 seconds to reach 30 mph for "worst case" and

varied widely for the minimum speed circuit fault depending on how the

"false speed signal" was interpreted by the cruise control module.

When the brakes were applied with a pedal force of approximately 60 lb after

a 2-second delay (worst case) after throttle opening, stopping distance was

generally less than 20 ft and total distance traveled was about 40 ft

whether the gas pedal was floored during stop or .only floored prior to the

stop. With a pedal force of approximately 60 lb after a 2-second delay

after simulating a cruise control failure of the vacuum pump/dump valve

(power on), stopping distance was generally less than 10 ft and total

distance traveled was about 20 ft. Stopping distance was also less than 10

ft for the minimum speed circuit fault.

The minimum brake pedal force (applied in Park and then maintained after

shifting to Drive) to prevent the cruise control from causing the vehicle to

move when the cruise control pump started (shorted to ground) and the dump

valve was plugged was approximately 50 lb.

The average minimum stopping distance from 30 mph was approximately 50 ft or

less (met FMVSS 105) in Drive whether the throttle was wide open or closed

during the stop. In Reverse, the average minimum stopping distance from 30

mph was approximately 50 to 60 ft with the throttle closed and approximately

60 to 70 ft with the throttle held wide open during the stop.
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For a normal 0.33 g (10.7 fpsps) stop from 30 mph, the stopping distance

from 30 mph was less than 100 ft with a pedal force of 20 to 30 lb in Drive

or Reverse. When the throttle was held wide open during a 0.33 g stop, the

pedal force increased to about 40 to 50 lb although the stopping distance

also increased to about 120 ft, indicating a somewhat lower deceleration

rate. Neither test vehicle would stop in Drive and Reverse from 30 mph with

the throttle held wide open and at the same braking force as applied in the

original normal stop.

Applying a magnetic field or 25,000 volt spark to the piece of wiring

harness that runs to the cruise control did not cause the cruise control

system of either test vehicle to exhibit intermittent throttle opening. The

cruise control computer module from the 1982 Audi failed to operate after a

spark was applied directly to the case of the cruise control computer

modules. This module was sent to TSC for analysis.
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TEST PROCEDURE FOR 198g»AVPI

Chare recorder for speed, acceleration, rpm, brake pedal force, cruise

control (c/c) vacuum, throttle position, and event versus time at 10 mm/sec.

Engine at normal operating temperature for all tests.

Series 1 - C/C off; Gas pedal floored after shifting to Drive. Go to 30 mph

and repeat twice for a total of 3 runs.

Run Number I / I ,2. I ?b I /V
Time to 30 mph (4H^ | 4- *t A*. | 4-8 | 4-7J '"•'
Total Dt»tanM Tr,ve1Bd I 125, 8 j*| 12,4.9 I 123.7 I

Series 2 - C/C off; Normal idle induced creep after shifting to Drive. Go

to 100 ft. Repeat twice for a total of 3 runs. m
Run Number | 4- \ O
Time to 100 ft I 7,1.4 J 21.1 1 21.5

Series 3 - C/C malfunctions after shifting to Drive. Go to 30 mph and

repeat twice for a total of 3 runs.

A) Direct short to ground of c/c vacuum pump and dump valve.

Run Hwnber | ~7 I A L_2 1 1°.
Time to 30 mph | 7-O^c | ^, 6-3j*\
Total Matanca Traveled I /7 A/ft I I7&3 I7*56.8 \158- i

B) Minimum speed circuit fault (Actuate Resume in Drive with a 65 mph

signal). (Frequency @ lO^ ) -103
Run Number 1 LI I L2- I JS L
Time to 30 mph | 6-8«^C| J[£^ I *e"*Q '
Total Platans Traveled I l&O' 8 ft | f^MQ |2*50. ' I

Repeat B) vithflo mph signal. (Frequency @ jCi\0 ) -2.10

RunJSIuinhsJc I L% J IS I 1& I jl.
Time to 30 mph | "7-0 A*c | 8-°_ | ,J/a^ I • *

wk^ji. 2.A.2. • W4.7 ,1^4.4
linn %.« rfw mpn | ~ | — ,_ | •>»» Jt

Total Platans Traveled I j^f).^ ft I 2>(fi,aZ> | R^T
I i a Tl

218.2, fr
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Series 4 -C/C off; Gas pedal floored after shifting-to Drive, and until
Vehicle gtjopq. Apply brakes at specified pedal forces and time delays.
Allow aminimum of 3minutes between stops for brake cooling. Repeat for a
total of 2 runs each.

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Tray^ed

Run Numhor

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Trav»1„rf

Run Number

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distant Travf1f^

Run Number

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance TraVf]ftT|

(2sec/601b)

P/3

(2sec/601b)

2d
1*5

12.2.

(lsec/SOlb)

2JZ.
o.9
4-3

2dL

(lsec/601b)

28

'•3
3.9

E-15

(2sec/1001b)

JS.

I3-0
17.3
39.7

(2sec/1001b)

2.?.

8-9
J0.4>
22.5

(lsec/lOOlb)

Z>5

5.7

/O.S

(lsec/1001b)

2.6

J

(2sec/1501b)

-23r-1.2.

(2sec/1501b)

24.

I2.Z
I2A
03.7

(lsec/1501b)

23-

j2I
(lsec/1501b)
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Series 5- C/C off; Gas pedal £1o„red after shifting to Drive but rsle^.
throttla whfn bnkl.1 1r- mrllll at spedfied pedal force, and tU. da lay.
Alio. .*ta of , .inutea between stopa for brake tooling. R,Pe.t for .
total of 2 runs each.

Run Niimr^r

Time to Stop

Speed at Brake Applied

Distance after Applied

Iota! Distance Jra-^,]^

Run NumhAj

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance TrflY-Iri*

Run Number

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Trav.]^

Run Number

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traye]^

(2sec/601b)

n

20.2.
4u9

(2sec/601b)

I.*

(lsec/601b)

sa.

(lsec/601b)

5.4
\Q.(o

E-16

(2sec/1001b)

J4.2.
15-3
<3=M

(2sec/1001b)

/4-s
35.-5

(lsec/lOOlb)

(lsec/1001b)

^P>

2-'
7.1

2.4.

(2sec/1501b)

0.8
133

O6.X

(2sec/1501b)

13.:

(lsec/1501b)

4=1

(lsec/1501b)tc/lSOlt

4sL
7.6
5-S
I4-.7
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Series 6-C/C malfunction (Direct short to ground of c/c vacuum pump and
dump valve) after shifting to Drive. Apply brakes at specified pedal forces
and time delays. Allow aminimum of 3minutes between stops for brake
cooling. Repeat for a total of 2 runs each.

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Tr^yeJeH

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traveje^

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Tra™.]^

Run Number

Time to Stop

Speed at Brake Applied

Distance after. Applied

Total Distance Traye]^

(2sec/601b)iec/bUlt

4=3.
O-

7.

6-

8

(2sec/601b)

Ata.
O.fi
"7.4
7.9

17. I

(lsec/601b)

o.3

o-9
1-7

(lsec/601b)

E-17

(2sec/1001b)

4=3

14.2.

(2sec/1001b)

AA

£.3

(lsec/lOOlb)ec/lO(

0.3

|.2-.
2.4

(lsec/1001b)

(2sec/1501b)

4-7,
£.5

15.9

(2sec/1501b)

4-6

I<b.4<

(lsec/1501b)

S2i.
o.3

(lsec/1501h)



SZ AogIi

Series 7-C/C malfunction (Minimum speed circuit fault). Actuate Resume in
Drive with a65 mph signal. Apply brakes at specified pedal forces and time
delays. Allow aminimum of 3minutes between stops for brake cooling
Repeat for a total of 2 runs each.

Run Numher _____

Time to Stop

Speed at Brake Applied

Distance after Applied

Total r>f stance TrFI™»1?f

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Tra„e]f^

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance TrT»»^

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traye]^

(2sec/601b)

55.

(2sec/601b)

fV7

\.(o

(lsec/601b)

e>~2.
1.3

(lsec/601b)

<fe2.
O.2.

o-5

S<ae- cir^ax*" \4u_ ld.ve.1

E-18

(2sec/l001b)

*5£>

(2sec/1001b)

?
•Ar

(lsec/100lb)

(lsec/lOOlb)

*4) *
*H

<o.4

(2sec/1501b)

(2sec/1501b)

&o
0*3

(lsec/1501b)

1.4

(Uac/lS01b>



82. Audi

Series 8 -C/g malfunction -direct short to ground of c/c vacuum pump but
dump valve vacuum plugged. Determine minimum brake pedal force to prevent
vehicle movement after shifting to Drive. Apply brakes in Park and maintain
that level after shifting to Drive.

Brake Pedal Force I5Q |4Q |45 | j (
Stopped in Drive |V/«2.$ | f\0 | \)<i_3 | | |

Brake Pedal Fnroe | | | | | |
Stopped in Drive I I I I I i

Conversion Reference (mph x 1.6093 - km/h):

MPH 20 25 30 35 40 45 50 55 60 65

KM/HR 32 40 48 56 64 72 80 89 97 105

Series 9 -Measure minimum stopping distance from 30 mph (wheel lockup OK).

In Drive: * -—. so ^~>
Run Number I *—3 * I Cz>Q | £?j
Time to Stop (sec) | Iv-Co | 1«• Co U"^)
Speed at Brake Applied |^j£>oO \ \3&* 3 i30c"^
Distance after Applied |s3—''^-^ | 3 '*» -*0 |3^* »
Pedal F9KP I \AA* | )^U I gOeO

In Reverse

Run Numher

Time to Stop (sec) | df^y* \ 2*3 | 2-27
Speed at Brake Applied | -2*9* &> | _^9*>3 | ^^
Distance after Applied |^SQ ^ |v5&"2 | yfJOc
Pedal Force I 6?Q* |v5<6e jj5___^

^V1^ <Sowve SliA "tW\-U<lWcp i^ckop 4^
TeS

E-19
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Series 10 - Repeat Series 9 but hold throttle wide open.

82, A-ucu

1 «sj- l6o
In Drive!

Run Number 23.
Time to Stop (sec) | ,.*C*—-^
Speed at Brake Applied |O—-* ^T

after Applied |5C/* (&
i /SO.

Distance

Pedal Force

In Reverse:

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

:z£l

"74- • 75

32*

I Z-P
I 32.*>jf«sL32.4

..4

77 i 73. 2.4- i -2.5U i 2
l 3A^ i3/»7 i<3^
i S&5 \&^>r7 \6o<4
, /4^Pc , /gap, , /2Q*

PS

A) Measure stopping distance and pedal force from 30 mph for a

10.7 ft/sec/sec deceleration.

Series 11

In Drive:

Run Number

In Reverse:

Run Numher

Time to Stop (sec).

Speed at Brake Applied

Distance after Applied

Pedal Force

1 J^
Time to Stop (sec) | ^J*l
Speed at Brake Applied |O^" I
Distance after Applied |"cP«^
Pedal Force |^>P«

_&
4*2.

24-

E-20

x

X

8o

iSz-4

i 4-i
I30-3
i<?7-7
1a2c_^«>

f*N

l^

(*»

ft

«*»

(*>



u

V^

*
8ZAod

Series 11 -B) Measure pedal force for a 30 mph with a 10.7 fc/sec/sec
deceleration (same stopping distance as A) but hold the throttle wide open.

In Drive; .

Run Numher I £fe I 81 | %&
Time to Stop (sec) | Q"(h j«^~TS 4*8
Speed at Brake Applied |3/"^ |32-2- |32*^
Distance after Applied |//7*4 \ I{&><& |/2.<£*4

In Reverse;

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

P«d«l For™ 1<^CJ, t4Q» ,46? ^

Series 11 -C) Measure stopping distance from 30 mph with the throttle held
wide open but the same pedal force as measured in Series 11 -A).

In Drive;

Run Numher I '&> | 77 , ?&
Time to Stop (sec) | 7*5 | £. t | &.5

u Speed at Brake Applied |32'5 | 52.^ | <t>Z.U
Distance after Applied |/HH.ft | |4£/3 | /52,f Hi

J2&-3& Pedal Fornit I 53 * , £>* , s'0 ,-

In iasttxaa.:

u Ban_Hs_ifi£ i <?2* | 73 7H ( <fe
Time to Stop (sec) | 3r4 |€.5 tVL j £%
Speed at Brake Applied | \3/*5 |3J.*f 32..lf i 3|#^
Distance after Applied | /t63- 6"7V^j|S2g6 1T7.8 i I£3.3

U 26 Pedal Fnrce I 30» | 'TO • HO | *"<«>) ^

Series 12'- Blectro-Static Discharge Tests -Identify which piece of wiring
harnessNgoes to the cruise control. Point-and-Shoot procedure to be used.
**\lekicl« u^OA 4*? ^ %A c&*d)k e* 3oH" W«A f«-A^_.

E-21



J84- fivli

TEST PR0CEM1RR TOR 123.1_m

Chart recorder for speed, acceleration, rpm, brake pedal force, cruise'

control (c/c) vacuum, throttle position, and event versus time at 10 mm/sec.

Engine at normal operating temperature for all tests.

Series 1 - C/C off; Gas pedal floored after shifting to Drive. Go to 30 mph

and repeat twice for a total of 3 runs.

Run Number \_J_ |__2* 13
Time to 30 mph (a^c!)
Total Distance Traveled

54

*M7 #

,5.2.

A3/-9
5-3

A33.7

Series 2 • C/C off; Normal idle induced creep after shifting to Drive,

to 100 ft. Repeat twice for a total of 3 runs.

_4 i 3 i 6Run Number 1
Time to 100 ft [ HeD. 8 | 2jQ. & I 2. /. O I

Series 3 • C/C malfunctions after shifting to Drive. Go to 30 mph and

repeat twice for a total of 3 runs.

A) Direct short to ground of c/c vacuum pump and dump valve.

Run Numher | "7 I & H **
Time to 30 mph Ca*c)
Total Distance Traveled

6.5

/33.Z ir /36.Q

&7r

Z57.2,

Go

B) Minimum speed circuit fault (Actuate Resume in Drive with a 65 mph

signal). (Frequency @ IOh ) -105
41 , 42*-*Run Number 3Z
13.11 j 13.7- Tloe to 3Q nph ^^

3743 | 3Q74 Total niatance Traveled
15.3

417.4 j>

Repeat B) withfio mph signal.

5LRun Number

Time to 30 mph C^4**)
Total Distance Traveled

6.<

ife4.6 fr

E-22

aa
ia.o

as. •A
I

.ma

(Frequency Q 2AG ) -2.10

6l2T

160.7

I 6.8

HTM

^2T

(84.4
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Series 4 - C/C off; Gas pedal floored after shifting to Drive and until
vehicle stops. Apply brakes at specified pedal forces and time delays.
Allow aminimum of 3minutes between stops for brake cooling. Repeat for a
total of 2 runs each.

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Tra-tre^

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Tra^e^

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance TraVe]e/t

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Trt1»e]ft^

(2sec/601b)

JO

lOO
(2sec/BWB.)

ia.

14.
12.)
34.0

__

12.
6.2.

25.4

(lsec/601b)

2,2.

(lsec/601b)

SfSL

7.0

jO.3

E-23

(2sec/jtee*6)

(2sec/I001b)

J_Z
Li
153

3L7

13.
i.o
133

29.

(lsec/lOOlb)

2A.

(lsec/1001b)

2>^

o.7
7.0
4*5
^.3

(2sec/tSe*£)

(2sec/1501b)

i_L

14..
IM
35.3

2TL
I.)

13.5
{0-2
313

(lsec/1501b)

2J/?

(lsec/150lb)

27.<



84- Audi

Series 5-C/C off; CaS ped.1 floored afcer shlftlng „ ^ ^ ^^
ttmt1«^hr,h„ar. wp1„„ ac speclfled pedal £orcM and _"££
'™a"lnInUm °f 3"l"U"S "«»een «„p, f„r OMke coollng. J_
total of 2 runs each.

Run Nnmher
(2sec/1001b)

2/?
<2sec/1501b)

(^\

^

ft

Time to Stop

Speed at Brake Applied

Distance after Applied
Total Pi-Stance Tra^.-1-a

(2sec/601b)

27
1.2.

14-0
11.8
•34-7

TT

M-fc
55.3

locV. up <=*^T ^
lOO Wo. P.H

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Tray-]^

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied
Total Distance Trfn>«,-|?,4

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total nistapce Traye]*,^

* far\ 11 oa p;e-I

(2sec/601b)

28
1.3

14.5
13.7
37.0

(lsec/601b)

.aa.
l.o
7.5

II. I

(lsec/601b)

Of-

5.2
J3_l

E-24

(2sec/1001b)

J3.5
%o

23.3

(lsec/100lb)

OS

143

(lsec/lOOlb)

^2
3.2

6.3

I4.&

(2sec/1501b)

(lsec/1501b)

<2>.l
14-7

(Isec/I501b)

U2.

a-5
5.4

1L3L

c*>

,ffiS

n

^

(*)

fa>
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Series 6-C/C malfunction (Direct short to ground of c/c vacuum pump and
dump valve) after shifting to Drive. .Apply brakes at specified pedal forces
and time delays. Allow aminimum of 3minutes between stops for brake
cooling. Repeat for a total of 2 runs each.

Run Number

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Travels

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Tra^e]^

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traveje^

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traye]^

^T P.vjC. £D .';v rV-' \C I

(2sec/601b)

43
LI

7-T

1^.4-

(2sec/601b)

44

n
8.8
18.6

(lsec/601b)

4R *
orr

o-4
].0 «-

(lsec/601b)

E-25

(2sec/1001b)

45
0.8
7-£
5.0

12.0

(2sec/1001b)

I.z

13.9

(lsec/lOOlb)

(lsec/lOOlb)

(2sec/1501b)

46
TTT
6.7

(2sec/1501b)

47
0.8
y.o
5.o

/2.5

(lsec/1501b)

(lsec/150lb)

3



J64 Audi

Series 7-C/C malfunction (Minimum speed circuit fault). Actuate Resume in
Drive with a65 mph signal. Apply brakes at specified pedal forces and time
delays. Allow aminimum of 3minutes between stops for brake cooling
Repeat for a total of 2 runs each.

Run Number

Time to Stop

Speed at Brake Applied

Distance after Applied

TQtal Distance Traye]^

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traye]^

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traye^

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied
Total Distance Trayf.]^

(2sec/601b)

3/L

(2sec/601b)

33

(lsec/601b)

(lsec/60lb)

JhD.

E-26

(2sec/1001b)

_o4

(2sec/1001b)

(lsec/lOOlb)

SO.

(lsec/lOOlb)

6>I I *?

I (2sec/l50lb)

(2sec/l501b)

(lsec/1501b)



}84-A-uc_(

Series 8-C/C malfunction -direct short to ground of c/c vacuum pump but
dump valve vacuum plugged. Determine minimum brake pedal force to prevent
vehicle movement after shifting to Drive. Apply brakes in Park and maintain
that level after shifting to Drive.

A^ Brake Pedal Force | 5*2, I.SH | \Q| | .
Stopped in Drive |vj^ |c.Vfifip*J| rv\oVccL| | |

- Brake Pedal Force I5^ I 4Q | 45 I 4-ft | |
U . Stopped in Drive |v^e& |c^e^ek|c^^upeAl v^lb | |

Conversion Reference (mph x 1.6093 - km/h):

MPH 20 25 30 35 40 45 50 55 60 65
KM/HR 32 40 48 56 64 72 80 89 97 105
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Series 8 - C/C malfunction - direct short to ground of c/c vacuum pump but

dump valve vacuum plugged. Determine minimum brake pedal force to prevent

vehicle movement after shifting to Drive. Apply brakes in Park and maintain

that level after shifting to Drive.

Brake Pedal Force | 1

Stopped in Drive |

Series 9 - Measure minimum stopping distance from 30 mph (wheel lockup OK).

In Drive:

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

In Reverse:

Run Number

i. 65
/.a

I

| 4*9

J £§ I
i
\Z9& ,

i 4£7. >vwg i
LP U*k_p

±

i

i

&&
—ITS'

43.5

&7
2.0

3^-3

I
<&Q. YvX<>Hr< j t^O* WV*-X

tvii\<L toejcup

—2.
278

ao.2

1

OVvtV

JZG.
2.^5

5?.3
^ i

^^

(*!\

(*S

ft

ft

f*>

ft

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force v58« TWO^ | 42iH»Va^>C — -\ ft

^

^

(*)

E-28
^

B&457



Series 10 - Repeat Series 9 but hold throttle wide open.

In Drive:

Run Number 7/

32-4
52.4

12
I /•%

©4- AoA\

73
Z.CD

SO. 8

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force )2D> vw>X iI50- wv^X i/4q. wvc^x

In Reverse:

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

74 m.

/o-/5*Sp.v»

2<k.
2-8 i 2-<£> I 2.-8

3/.9 32./ 3/-7
72-/ I<67.7 | 77.0 •
8Q- wy^X, | 80- w\p^X | _Q» wv*-X

Series 11 - A) Measure stopping distance and pedal force from 30 mph for a

10.7 ft/sec/sec deceleration.

In Drive:

Run Number

Time to Stop (sec) |

Speed at Brake Applied |

Distance after Applied |

Pedal Force |_

In Bflvarw

Bun Miii.K.1- X

Time to Stop (sec) |

Speed at Brake Applied |

Distance after Applied |

Pedal Forge L

77

9.6.5
2Q-

&o
4.3

96*9
IB.

ow

E-29

1&

99.7
20.

-jCf

30.1

ZO.

Hql
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Series 11 - B) Measure pedal force for a 30 mph with a 10.7 fc/sec/sec

deceleration (same stopping distance as A) but hold the throttle wide open.

In Drive:

Run Number

Time to Stop (sec) |

Speed at Brake Applied |

Distance after Applied |

Pedal Force

In Reverse:

un Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

_L

84
—&?—
32.7
/28-2
iAA. ova,

R&
. 5.7
l 3\-6

-L

"5—
32,2-

_s£
5.3

C3l.fc>
;3^-2

_____

4*4 * X

I2A'6

no* \44,°y<.
*H\CHC* P.F.

//4-3

»'*is

40.

Series 11 - C) Measure stopping distance from 30 mph with the throttle held

wide open but the same pedal force as measured in Series 11 - A).
20M* PF UiOfdt rWf CCA ~* 3**vk ^Sh^j^Ji aj^mJ,

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force
S

-3P
In Reverse:

-Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

7P
Series 12 - Electro-Static Discharge Tests - Identify which piece of wiring
harness goes to the cruise control. Point-and-Shoot procedure to be used.

l 7A-

I/50-7
• S2.

X 97

iv3/.2
l /3?-7

E-30

133.6

32.

i 96

;47-s

» ftp-

32.

_5/

9^

7^2.6
I

• ' • i

/0«0

39. j 3Q. *



a Memorandum
US Department
of Transportation

National Highway
Traffic Safety
Administration

Vehicle Research and Test Center P. 0. Box 3 7
East Liberty. Ohio 13319
(513) 666-4511

Subject:

From:

To:

MEMORANDUM REPORT - VRTC-7-8-0128A

Cruise Control and Braking Tests
on Various Vehicles -n f

James E. Hofferberth, Director •{ Jr\
Vehicle Research and Test Cenfe*"^ /

John Pollard, DTS-45
Transportation Systems Center

Dale:

Reply to
Attn, of:

DEC 2 2 f98S

1.0 INTRODUCTION

This memorandum is a report concerning cruise control and braking tests on

various vehicles at the Vehicle Research and Test Center (VRTC). The tests

described in this report were performed in response to a request from the

Transportation Systems Center (TSC), Research and Special Programs

Administration (RSPA). The TSC is conducting an investigation for the

Office of Defects Investigation (ODI), National Highway Traffic Safety

Administration (NHTSA) concerning alleged sudden acceleration on certain

vehicles with automatic transmissions. As part of these investigations, the

TSC wanted cruise control and braking tests on various vehicles with high

sudden acceleration complaint rates.

2.0 Discussion

The purpose of this test program was to test several passenger vehicles with

automatic transmissions to determine vehicle performance (acceleration and

stopping) with simulated cruise control failures, to determine braking

performance in both Drive and Reverse for some rear-wheel-drive (RWD)

vehicles, and to determine the effects of electro static discharge (ESD) on

cruise control systems.

TAG

SAFETY BELTS SAVE LIVES

.*•"

E-31



This test program was done in four parts; cruise control tests on Audi 5000
vehicles, cruise control performance in other vehicles, braking tests on the
Audi 5000 and some RWD vehicles, and effects of ESD on cruise control
systems. This report does not cover the tests on the Audi 5000 since those
tests were covered in a previous report. The primary purpose of this part
of the test was to determine how rapidly the subject vehicles can accelerate
from a stationary position if the cruise control system was to malfunction
and begin to open the throttle as soon as the driver shifted the

transmission into Drive. Tests included measuring the acceleration by
normal idle induced "creep", when the gas pedal was floored, and when cruise
control system failures were simulated. Braking tests with various brake
application delay times and pedal forces were also conducted. In addition,
braking tests from 30 mph in both Drive and Reverse with the throttle wide
open and closed (on some RWD vehicles) and ESD tests (all test cars except
the Chrysler and Mercedes) were conducted.

2.1 Test VeM^off

The test vehicles, owned or leased by NHTSA,

Vehicle negnrinffffn
'Engine
Size/Cvl

included the following:

Vehicle ID No. Odometer
(VIN)

1984 Mercury Grand Marquis 5.0L/V-8
1988 Mercedes 300E (ABS) 3.0L/ 6
1982 Toyota Cressida 2.8L/ 6

1986 Buick Electra (ABS; FWD) 3.8L/V-6

1984 Chevrolet Camaro Z28 5.0L/V-8

1985 Chrysler New Yorker (FWD.T) 2.2L/I-4
1985 Nissan 300ZX 3.0L/ 6

1985 Cadillac DeVille (FWD) 4.1L/V-8

Notes: ABS - Anti-lock Braking System; FWD -

(miles)

1MEBP95F6EZ612727 56,104

WDBEA30D3JA579664 18,624

JT2MX62E0C0035028 20,332

1G4CX69B1G1505433 7,676

1G1AP87GXEN117380 60,481

1C3BT56E1FC244302 39,662

JN1HZ14S4FX097474 33,282

1G6CD6981F4273126 69,779

Front-Wheel-Drive; T - Turbo

Proper engine, brake, and general vehicle performance were verified prior to
the test. Idle speed was also verified to be within specifications.
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TSC prepared modified cruise control units for all the test vehicles except

the Chrysler. Each unit was fitted with toggle switches so that when all of

the switches were set to "off", the unit functioned normally. The following

switched test conditions were used:

2 -

Direct short of the vacuum solenoid and regulator valve (electro

mechanical for Mercedes 300E) to ground (worst case).

Fault in minimum speed circuit permitting "resume" from a standstill.

TSC provided a signal generator for the false speed signal.

The air bleed port on the servo was blocked to simulate a cruise control

failure for the Chrysler New Yorker. The Cadillac cruise control was

part of the Engine Control Computer (ECU).

Instrumentation was installed to record vehicle speed, acceleration,

distance traveled, throttle position, engine rpm, brake pedal force, and

cruise control system vacuum (where applicable) as a function of time. The

interior volume of the cruise control vacuum system was not significantly

changed by adding a vacuum transducer for measurements.

2_ Test Equipment

8 Channel Recorder

Inverter

Servo-Accelerometer (Accel./Decel.)

Pedal Force Meter

Pedal Force Transducer (On Brake)

Performance Monitors (Distance, Time)

0-15 psi Pressure Transducer (Vac.)

Linear (Throttle) Position Potentiometer

5th Wheel (Vehicle Speed)

Tach Generator (Engine Speed)

Timer Control Box (Delay Times)

VHS-C Video Camera

35 mm Camera

E-33

Gulton Model TR800

Nova 500 Watt

Kistler Model 305

GSE Model 3100

GSE Model 4350-300

Labeco Model 625

Bell & Howell Model 4-424-0001

Bourns 3-Inch

Track Test

Weston Model 750

VRTC Special Fixture

General Electric Model 9-9709

Minolta SRT200



2.3 Test Procedures

Each test vehicle was tested using the test procedure/data forms (through
Series 8) shown in the Appendix. The engine was warmed to normal operating
temperature for the tests. Tests were conducted on or in an area adjacent
to the Vehicle Dynamics Area with a nominal skid number of 80. Test Series

1 (gas pedal floored), Series 2 (normal idle induced "creep"), and Series 3
(simulated cruise control malfunctions) were non-braking tests. For the

minimum speed circuit fault or "spontaneous resume" condition (not for the

Chrysler), the transmission had to be left in Drive and the test initiated

by a special "false speed signal" circuit supplied by TSC.

Test Series 4 (throttle wide open during stop), Series 5 (throttle closed

during the stop), Series 6 (failures of vacuum solenoid/regulator valves;
electro-mechanical for the Mercedes and Chrysler), and Series 7 (minimum
speed circuit fault; not for the Chrysler) were braking tests in which the
brakes were applied after approximately I and 2 seconds and with pedal
forces of approximately 60, 100, and 150 lb for each series. The driver's '

foot was used to supply the brake pedal force. Some tests were not made at

150 lb pedal,force if early wheel-lockup was present at 100 lb.

Test Series 8 was made to determine the minimum brake pedal force (applied
in Park and then maintained after shifting to Drive) to prevent the cruise
control from causing the vehicle to move with the "worst case" cruise

control malfunction and the brake pedal "dump" switch bypassed.

Test Series 9 (throttle closed during stop) and Series 10 (throttle wide

open during stop) were braking tests in both Drive and Reverse to determine

the minimum stopping distance from 30 mph for some of the EHfi test cars.

Test Series 11 were braking tests in both Drive and Reverse for a 0.33 g
(10.7 fpsps) stop from 30 mph with the throttle closed (normal) and wide

open for some of the SHE test cars. This series also included braking tests
in both Drive and Reverse from 30 mph with the throttle wide open and the
same braking force as applied in the original normal stop.
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Test Series 12 were ESD tests, a literally point-and-shoot procedure on the

piece of wiring harness that runs to the cruise control. The object was to

see if the cruise control system would cause intermittent throttle opening

if a magnetic field or a 20 to 25 KV spark was applied to the wiring

harness. With the vehicle drive-wheels off the ground and the transmission

in Drive, a set speed command to the cruise control system was entered using

the special "false speed signal" circuit supplied by TSC. After a momentary

brake application to deactivate the cruise control, the ESD simulator gun

was used to determine if a "spontaneous resume" condition could be

initiated. Spark was applied only to the vehicle chassis and not to the

piece of wiring harness in the Cadillac because of possible damage to the

ECU. In this case, with the DeVille drive-wheels off the ground and the

transmission in Drive, reaction to the ESD tests was monitored with the

engine at idle and cruise control power on and also with a set speed command

to the normal cruise control system. The ESD test was not performed on the

Mercedes (previous tests by TSC) or the Chrysler (cruise control system was

electro-mechanical and did not use a microprocessor). TSC delivered the ESD

simulator gun to VRTC and participated in the testing at VRTC for the

Mercury Grand Marquis test vehicle. For most test vehicles, an ESD spark

was a"lso applied directly to the case of the cruise control computer module.
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2. Test Results

Copies of the individual data sheets for the eight test cars are included in

the Appendix. An abbreviated summary of the data for each test car is shown

in the following tables and serves as the basis for the discussion below.

For Test Series 1 (gas pedal floored), the test vehicles required 3.4 to 4.1

seconds to reach 30 mph. For Series 2 (normal idle induced "creep"), the

test vehicles required 11.4 to 23.3 seconds to reach 100 ft with final

speeds of 3.6 to 9.2 mph. For Series 3 (simulated cruise control

malfunctions), the test vehicles required 4.0 to 10.0 seconds for "worst

case" and 4.6 to 14.6 seconds for the minimum speed circuit fault to reach

30 mph. For the minimum speed circuit fault, individual vehicle responses

varied widely depending on how the "false speed signal" was interpreted by

the cruise control module.

When the brakes were applied with a pedal force of approximately 60 lb after

a 2-second delay (worst case) after throttle opening, stopping distance was

generally less than 50 ft and total distance traveled was 70 ft or less when

the gas pedal was floored during stop (Series 4). The one exception was the

Camaro Z28 (engine with greatest horsepower) which required 80 ft to stop

and covered a total distance of 116 ft. With a brake pedal force of 60 lb

after a 2-second delay, stopping distance was 20 ft or less and the total

distance traveled was 56 ft or less when the gas pedal was floored until the

brakes were applied (Series 5). With a brake pedal force of 60 lb after a

2-second delay while simulating a "worst case" cruise control failure

(Series 6), the Camaro had the longest stopping distance of 37 ft and total

distance traveled of 78 ft. Stopping distance (33 ft) was also longest for

the Camaro during the minimum speed circuit fault tests (Series 7).

The minimum brake pedal force (applied in Park and then maintained after

shifting to Drive) to prevent the cruise control from causing the vehicle to

move with the "worst case" cruise control failure and the brake pedal dump

switch(s) deactivated ranged from 10 to 40 lb (Series 8).
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Series 9 through 11 were performed on three (Mercury, Mercedes, and Camaro)
ESffi test cars. This testing was not requested for the Cressida and was not
performed on the Nissan 300ZX because of potential damage to the leased
vehicle. The average minimum stopping distance from 30 mph was 43 ft or
less (met FMVSS 105) in Drive and 53 ft in Reverse with the throttle closed
during the stop (Series 9). The average minimum stopping distance from 30
mph ranged from 81 to 140 ft in Drive and 122 to 239 ft in Reverse when the
throttle was held wide open during the stop (Series 10). The longest
minimum stopping distance in Reverse (239 ft for the Camaro) was made with a
relatively low brake pedal force of 78 lb since higher pedal forces caused
the vehicle to spin during the stop.

For anormal 0.33 g(10.7 fpsps) stop from 30 mph (Series UA), the stopping
distances from 30 mph were approximately 100 ft with pedal forces less than
20 lb in Drive or Reverse. When the throttle was held wide open (Series
11B), achieving a0.33 g stop was difficult, and the stopping distances from
30 mph in Drive varied from 119 to 148 ft (indicating a somewhat lower
deceleration rate) with pedal forces ranging from 113 to 137 lb. Achieving
a 0.33 g stop in Reverse when the throttle was held wide open was even more
difficult and the stopping distances from 30 mph varied from 160 to 388 ft
(indicating amuch lower deceleration rate) with pedal forces ranging from
128 to 156 lb. In fact, a200 lb pedal force resulted in only a7fpsps
deceleration rate for the Mercedes stop in Reverse when the throttle was
held wide open. None of three test vehicles would stop in Drive and Reverse
from 30 mph with the throttle held wide open and at the same braking force
as applied in the original normal stop (Series 11C).

The ESD tests were performed for all the test cars except the Mercedes
(previous tests by TSC) and Chrysler (no microprocessor). Applying a
magnetic field or a 20 to 25 KV spark to the piece of wiring harness that
runs to the cruise control did not cause the cruise control system of any of
the test vehicles to exhibit intermittent throttle opening. However, in the
case of the DeVille where a 25 KV spark was applied to the alternator case,
the engine speed increased slightly because of the Idle Speed Control (ISC)
motor reaction.
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SSLiSlDescriptionofTest

AbbreviatedSummaryofDataforthe1984HercurvGrandMarquisTestVehicle

Avg.Time
toTarget

_iS££i

Average
Stopping
Distance

Average
Total

Distance

Brake

Pedal

Force

Remarks

111WOTto30mph3.7|N/A|95|N/A|

12|NormalIdleto100ft14.0|6.4mph8100'|

13A1WorstcaseC/Cto30mph5.5|124|

138|C/Cspeedfaultto30mphLow|14.6|368|105HZ

withlow/hiahfreeincutHiohI6.011491210HZ

1*1WOTuntilstoppedLongest|*3|69|Lowest

15|WOTuntilbrakeappliedbraking18|53|P.F.|

1*WorstcaseC/Cuntilstoppeddelayof18I30|of

17JC/Csoeedfault(lowfrea.incut)12secondsi911960lb105HZ

18Nin.P.F.topreventnotion

forworstcaseC/CN/AN/AH/A2f-?a

Ninioua

19Nin.stopfrom30sphin

Drive(DR)andReverse(REV)

DR

REV

N/A43

49

N/A150

150

1™Nin.stopfrom30mph

1withWOTuntilstoooed

DR

REV

117

122

149

157

[Average

|11A|10.7ft/s/sdecelstop

|from30mph

DR

REV

N/AI96

|101

N/A116

1**

|11B|10.7ft/s/sfrom30mph

|withWOTuntilstopped

DR

REV|160

I"3
|128

|11C|Stopfroa30mphwithWOT

|andP.F.front11A

DR

REV

|415*|20|Wouldn'tStop-AbortedRun

112|Electro-Static-Discharge|N/A-|N/A|N/A|N/A|Noeffect

1

Notes:C/C-cruisecontrol;WOT•wideopenthrottle;P.F.•brakepedalforce
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AbbreviatedSuwnarvofDataforthe1988Nercedes300ETestVehicle

£e£i£8.DescriptionofTest

Avg.Time
toTarget

_LS££2

Average
Stopping
Distance

_ifil_

Average
Total

Distance

Brake

Pedal

Force

Remarks

11WOTto30Mph3.9N/A97N/A

I2NormalIdleto100ft16.75.7sph8100'

I3AWorstcaseC/Cto30mph10.0292

I38C/Cspeedfaultto30aphLow10.6275120HZ|

withlow/hiahfrea.inoutMS*?7.2172240HZ1

|4WOTuntilstoppedLongest4970Lowest

|5WOTuntilbrakeappliedbraking1442P.F.

I6WorstcaseC/Cuntilstoppeddelayof923of

17C/Csoeedfault(lowfrea.inout)2seconds41160lb120HZI

18Nin.P.F.topreventmotion

forworstcaseC/cN/AN/AN/A40

Minimum

19Nin.stopfroa30nphinDRN/A42N/A65

Drive(DR)andReverse(REV)REV5370

11°Nin.stopfroa30mphOR140155

withWOTuntilstooped«*Y173165

Average

|11A10.7ft/s/sdecelstopDRN/A99N/A16

froa30nphREV8717

|11810.7ft/s/sfrom30nphDR148130

withWOTuntilstoppedREV206153Only7ft/s/sw/200lbP.F.|

|11CStopfrom30mphwithWOT

andP.F.from11A

DR

REV

...

1t2Electro-Static-DischargeN/AN/AN/AN/ANotdoneforthiscar.|

Notes:C/C•cruisecontrol;WOT«wideopenthrottle;P.F.»brakepedalforce
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AbbreviatedSuwiarvofDataforthe1982TovotaCressidaTestVehicle

SeriesDescriptionofTest

Avg.Time
toTarget
(sec)

Average
Stopping
Distance

(ft)

Average
Total

Distance

(ft)

Brake

Pedal

Force

(lb)Remarks

|1WOTto30aph3.9N/A98N/A

I2NormalIdleto100ft15.55.5mph8lOtI'

I3AWorstcaseC/Cto30mph7.1186

I38C/Cspeedfaultto30mphLow12.2378105HZ|

withlow/hiohfrea.inoutHM13.3413140HZ1

|4WOTuntilstoppedLongest3254Lowest

|5WOTuntilbrakeappliedbraking1747P.F.

I*WorstcaseC/Cuntilstoppeddelayof1529of

17C/Csoeedfault(lowfrea.incut)2seconds325560lb105HZI

18Nin.P.F.topreventmotion

forworstcaseC/CN/AN/AN/A17

Minium

19Nin.stopfroa30nphin

Drive(DR)andReverse(REV)

DR

REV

N/AN/ANoSeries9-11ctestsforCressida|

110Nin.stopfroa30nph

|withWOTuntilstooped

DR

REV

Average

|11A10.7ft/s/sdecelstop

from30nph

DR

REV

N/AN/A

|11B10.7ft/s/sfrom30nph

withWOTuntilstopped

DR

REV

|lieStopfrom30nphwithWOT

IandP.F.from11A

DR

REV

112Electro-Static-Di8chargeN/AN/AN/AN/ANoeffect|

Notes:C/C»cruisecontrol;WOT•wideopenthrottle;P.F.=brakepedalforce
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seriesDescriptionofTest

Avg.Tiae
toTarget
(sec)

Average
Stopping
Distance

(ft)

Average
Total

Distance
(ft)

Brake

Pedal
Force

(lb)Remarks

|1WOTto30mph

3.9

20.8N/A96H/A

12|NonaalIdleto100ft4.04.6mpha10C1'|
13A|WorstcaseC/Cto30aph5.6|100|

38jC/Cspeedfaultto30aph

withlow/hiflhfrea.inout

Low|

.Hi*1

8.4|155|

2281

36HZ|
60HZi

4|WOTuntilstoppedLongest21144|Lowest|
5|WOTuntilbrakeappliedbraking|16|45|P.F.|
*1WorstcaseC/Cuntilstoppeddelayof|12|221of|

.71C/Cspeedfault(lowfrea.inout)1—2_seconds122|58160lb136HZ|

m
8|Nin.P.F.topreventnotion

•forworstcaseC/CN/A1N/A|N/A130|
—XNiniaua|

9INin.stopfroa30nphin

Drive(DR)andReverse(REV)

DR|

REV|

N/A|N/A|NoSeries9•11ctestsforElectra|

10|Nin.stopfroa30aph

withWOTuntilstooped

DR|

-SOU

Average|
11A|10.7ft/s/sdecelstop

from30mph

DR|

REV|

N/A|N/A|

11B|10.7ft/s/sfrom30nph

withWOTuntilstopped

DR|

REV|
11C|Stopfrom30aphwithU0T

andP.F.from11A

DR|

_BGY!
12|Electro-Static-Discharge|N/A|N/A|N/A|N/A|Noeffect|

Notes:C/C•cruisecontrol;WOT•wideopenthrottle;P.F.>brakepedalforce
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AbbreviatedSuimarvofDataforthe1984ChevroletCamaroZ28TestVehicle

Ssljss.DescriptionofTeat

Avg.Time
toTarget

_iSS£i

Average
Stopping
Distance

Average
Total

Distance

Brake

Pedal

Force

Remarks

I1|WOTto30aphI3.4|N/A|88|N/A
|2|NormalIdleto100ft|16.3i1.7mpha100'

13A|WorstcaseC/Cto30nph1*•*197
138|C/Cspeedfaultto30nphLow|4.6|134|30HZ

1withlow/hiahfrea.inoutfffflft14.9I139140HZ

|4WOTuntilstoppedLongest-80|116Lowest

|5WOTuntilbrakeappliedbraking2053P.F.

1°WorstcaseC/Cuntilstoppeddelayof3778Of

l_Z_..1C/Cspeedfault(lowfrea.inout)2seconds3374I60lb30HZ

1*Nin.P.F.topreventnotion

LforworstcaseC/CN/AN/AN/A26

Niniatss

19Nin.stopfroa30aphin

Drive(DR)andReverse(REV)

DR

REV

N/A43

50

N/A90

120

1ioNin.atopfrea30aphDR81180

withWOTuntilstopped"BY23978HiaherP.F.causescartosoinout

Average

|11A10.7ft/s/sdecelstop

froa30nph

DR

REV

N/A93

97

N/A18

18

111810.7ft/a/8froa30nph

withWOTuntilstopped

DR

REV

119

388

137|

156

1lie1Stopfroa30nphwithWOTOR544*|19Carwouldn'tstop-steady15nph
andP.F.froa11AREVI333*1251Carwouldn'tstop-increasedover35moh

112|Elcctro-Static-DischargeN/A|N/A|N/AjN/A|Noeffect

Notes:C/C»cruisecontrol;WOT•wideopenthrottle;P.F.-brakepedalforce
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Sries

1

2

3A

38

4

5

6

9

10

11A

11B

11C

12

cc

AbbreviatedSiwiwiryofDataforthe1985ChryslerNewYorkerTestVehicle

DescriptionofTest

WOTto30aph

NoraalIdleto100ft

WorstcaseC/Cto30aph

C/Cspeedfaultto30aphLow

withlow/hid,frea.inoutHigh

WOTuntilstopped

WOTuntilbrakeapplied

WorstcaaeC/Cuntilstopped

C/Cspeedfault(lowfrea.Incut)

Nin.P.F.topreventmotion

forworstcaseC/C

Nin.atopfroa30aphinDR

Drive(DR)andReverse(REV)REV

Nin.stopfroa30nphDR

withWOTuntilstoopedREV

10.7ft/s/sdecelstopDR

from30nphrev

10.7ft/s/sfrom30mphDR

withWOTuntilstoppedREV

Stopfrom30mphwithWOTDR

andP.F.from11AREV

Electro-Static-Discharge

Avg.Tine
toTarget

4.0

11.4

8.9

N/A

Longest

braking

delayof

2seconds

JUL

N/A

N/A

N/A

Average
Stopping
Distance

(ftl

Average
Total

Distance

Brake

Pedal

Force

N/A|90|N/A

9.2nph8100'

231

38

14

4

JUL

JUL

Minimum

Average

N/A

60

38

JUL

N/A

N/A

N/A

Lowest

P.F.

of

*9IP

JO

N/A

»<Tfc8

MechanicalSystemforNewYorker

Vac.ServoBleedPortsPlugged

NoSeries9-12testsforNewYorker

Notdoneforthiscar

Notes:C/C•cruisecontrol;WOT•wideopenthrottle;P.F.•brakepedalforce
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S£rjes.DescriptionofTest

AbbreviatedSiwanrvofDataforthe1985Nissan300ZXl>«tWehiel*

Avg.Time
toTarget

Average
Stopping
Distance

Average
Total

Distance

_iin_

Brake

Pedal

Force

"b)Remarks

11|WOTto30aphI4-1|N/A199|N/A
|2|NormalIdleto100ft|15.6|5.8mpha100'

13A|WorstcaseC/Cto30nph|5.0|125
13B|C/Cspeedfaultto30nphLow1*M|179|40HZ|

Lwithlow/hiohfrea.inoutHigh17.31183142HZ|
|4|WOTuntilstepped|Longest136165Lowest

|5|WOTuntilbrakeappliedbraking1*1«2|P.F.

1*WorstcaseC/Cuntilstoppeddelayof30461ofFrontWheelLockup|
17IC/Csoeedfault(lowfrea.inout)2seconds1727160lb140HZ|

1&Nin.P.F.topreventnotion

IforworstcaseC/CN/A1N/AN/A124

Minimum

19Nin.stopfrom30aphin

Drive(DR)andReverse(REV)

DR

REV

N/AN/ANoseries9-11ctests300ZX|

1ioNin.stopfroa30nph

withWOTuntilstopped

OR

»EV

Average

|11A10.7ft/s/sdecelstop

from30nph

DR

REV

N/AN/A

1HI10.7ft/s/sfroa30nph

withWOTuntilstopped

DR|

REV|

1He1Stopfroa30nphwithWOT

LendP.F.froa11A

DR|

«|VI

112IElectro-Static-Discharge|N/A|N/A|N/A|N/A|Noeffect|

Notes:C/C-cruisecontrol;WOT>wideopenthrottle;P.F.-brakepedalforce
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Ssriss.DescriptionofTeat

AbbreviatedSunaarvofDataforthe1985CadiHocDeVilleTestVehicle

Avg.Tine
toTarget

Average
Stopping
Distance
_lfli_

Average
Total

Distance

m>

Brake

Pedal

Force

Remarks

<

11|WOTto30M>4.1N/A105|N/A

12INormalIdleto100ft23.33.6aph8100'

13AWorstcaseC/Cto30aph4.1106|

138C/Cspeedfaultto30aph

1withlow/hlohfrea.inout

Low

Hfnh

N/A...|...
Couldn'tsimulatefailedcircuit|

|4WOTuntilstoppedLongest3261|Lowest

|5WOTuntilbrakeappliedbraking2056|P.F.

1*WorstcaseC/Cuntilstoppeddelayof2341|Of

17C/Cspeedfault(lowfrea.inout)2aecondsN/A160lb

1•Nin.P.F.topreventnotion

forworstcaseC/CN/AN/AN/A126

Minium

19Nin.atopfroa30nphin

Drive(OR)andReverse(REV)

DR

REV

N/AN/A|Noseries9-11ctestsforOeVille|

11°Nin.stopfroa30nph

withWOTuntilstoooed

DR

REV

Average

1HA10.7ft/s/sdecelstop

froa30nph

OR

REV

N/AN/A|

111B10.7ft/s/sfroa30nph

withWOTuntilstopped

DR

REV

IHe1Stopfroa30nphwithWOT

endP.F.from11A

DR

REV

112IElectro-Static-DischargeN/AN/AN/A|N/ASlightincreaseinenginespeedbecauseof|

ISCmotorreaction1

Notes:C/C•cruisecontrol;WOT•wideopenthrottle;P.F.»brakepedalforce
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TEST PROCEDURE FOR TSC TESTS VEHICLE: 04~ IVWYQ )X\J

Chart recorder for speed, acceleration, rpm, brake pedal force, cruise

control (c/c) vacuum, throttle position, and event versus time at 10 mm/sec.

Engine at normal operating temperature for all tests.

Series 1 - C/C off; Gas pedal floored after shifting to Drive. Go to 30 mph

anc

Run Number

and repeat twice for a total of 3 runs.

1 i 2. i 3 i

Time to 30 mph (sec) | 3?T I ^STT IJ^7 '
Total Distance Traveled I ^f^P>| 1 HO«0 1 ^O-g? 1

Series 2 - C/C off; Normal idle induced creep after shifting to Drive. Go

to 100 ft. Repeat twice for a total of 3 runs.

Run Number I ^L I 5 1 |Q_^ L
!4wO , 14.1 • l?i.5Time to 100 ft I

Final Speed i £>.Q i 6.Cd i 6.<b L

Series 3 - C/C malfunctions after shifting to Drive. Go to 30 mph and

repeat twice for a total of 3 runs.

A) Direct short to ground of c/c vacuum pump and dump valve.

Run Number | 2 1 JL 1 ZL_ L
Time to 30 mph (sec) | 5-3 | 0*<O | 0->£> |
Total Distance Traveled I 125-T 1 [2A.<Q 1\2S2~°r \

B) Minimum speed circuit fault (Actuate Resume in Drive with a 65 mph

signal). (Frequency @ \Q;) ) -105
Run Nwnber . 1 \Q 1 A\ 1 -^ L
Time to 30 mph (sec) | ]^'^ \ ,°-5? I ' °" ^ I
Total Distance Traveled I 556*6 | 4~\O.Q 1<3$Q.Q L

Repeat B) with 130 mph signal. (Frequency @2ACj ) -210
Run Number | 13 I lit 1 \Si _l
Time to 30 mph (sec) | $* * | &' * \ ^* |q I
Tn,-a1 Distant Traveled I l4Q*6 | \QA.Cd | [46,0 t
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Series 4 - C/C off; Gas pedal floored after shifting to Drive and until

vehicle stops. Apply brakes at specified pedal forces and time delays.

Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a

total of 2 runs each.

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Rw. Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Ti-avaloH [

(2sec/601b)

Ih.
3*0

|1.2.
4-5.7

74.2

(2sec/1001b)

ia

17.2.
45.2.
7 4.9

(lsec/601b)

2,2,
T7T
8.2.

2,(9. I
27.?

(lsec/lOOlb)

2.^

7 2

/9.0
2AJ)

E-48

(2sec/601b)

n.
2.8

14.7
4-0 8
63.8

(2sec/1501b)

2,0
2H

15.2.
3^-4

(lsec/601b)

2.?)

7.^

(lsec/1501b)

2<a
Z.3
8.0

2-T.a

(2sec/1001b)

_LS_
3.:

4-3-2.

(2sec/1501b)

2J.
3.6>

1T.T
5^-7

flO-1

(lsec/lOOlb)

24-

'•7

(lsec/1501b)

27
2,-3

2,3- S
31-&
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Series 5 - C/C off; Gas pedal floored after shifting to Drive but release

throttle when brakes are applied at specified pedal forces and time delays.

Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a

total of 2 runs each.

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

(2sec/601b)

28
7T3-

55-5

(2sec/1001b)

7^-

18-5
•52.4

(lsec/601b)

^4
IZ.4
121

2S.&

(lsec/lOOlb)

o.Q
9.3

7*4

(2sec/601b)

2&
i.o

17-3
17*5

(2sec/150lb)

32.
77/

1&6
/7.3

52-3

(lsec/601b)

^>5
0^8
9-7
8.3

18.3

(lsec/1501b)

3»7

7.3
6-7

/47

Mo YYVlsHixke. ©V\
•\-.oq"V" Y\.UlY\Q«VS,

E-49

(2sec/l001b)

aa
I.O

17.0
Ko.t
45.8

(2sec/1501b)

17.4
\<b-9
48.4

(lsec/lOOlb)

JY-4

(lsec/1501b)

^9

3.?
6J

18.1



m.
O.T

5.0

B4Me-YC-0Y^

Series 6 - C/C malfunction (Direct short to ground of c/c vacuum pump and
dump valve) after shifting to Drive. Apply brakes at specified pedal forces
and time delays. Allow a minimum of 3 minutes between stops for brake
cooling. Repeat for a total of 2 runs each.

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Travplpri

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance TravelfH

I
I Run H.i^.r

|Time to Stop (sec)
| Speed at Brake Applied

| Distance after Applied

ITotal Distance TraveloH

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distant TrmTftd,

(2sec/601b)

4o_

|0-5

28.8

(2sec/100lb)

4a

IO-9

•32-5

(lsec/601b)

4/,,

7.5

12.9
20.7

(lsec/lOOlb)

0.7
0-3
3.4
3.9

E-50

(2sec/601b)

41

,0-5

31.5

(2sec/150lb)

|<£>.8
29.7

(lsec/601b)

4S
0.8
3.3
5.5
7-2

(lsec/1501b)

31

3.3

(2sec/1001b)

42.
I^4T-

n.s
ao.2-

(2sec/1501b)

4a
V7^~

14.9
2T.6

(lsec/lOOlb)

4-7

C7
.8
.8

6-3

(lsec/1501b)

32.

1-4
3.3

4.5
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Series 7 - C/C malfunction (Minimum speed circuit fault). Actuate Resume in

Drive with a 65 mph signal. Apply brakes at specified pedal forces and time

delays. Allow a minimum of 3 minutes between stops for brake cooling.
Repeat for a total of 2 runs each. I0 5 <V

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trav«»1gd

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Travel»H

Run Numhgr

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Travelorf

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Travel«d

(2sec/601b)

53 A
0-8
7.3
8-9

19.5

(2sec/1001b)

^6A

C8
7-6
8-6

iq.o

(lsec/601b)

—aa.
0.6
2.2
3.0

5.5

(lsec/lOOlb)

oA

1-4
2.5

(2sec/601b)

F4/X

&.O

8-5
184.

(2sec/1501b)

57 A.

°3,3.4
7.7

(lsec/601b)

6>Q

1-9
3.3

(lsec/1501b)

^2
O.4.

1.4
2.9

(2sec/1001b)

55 A
0.9
7.4
8.3

19-1

(2sec/1501b)

58A
0.8
8-3
7.8

18.8

(lsec/lOOlb)

<£1
0.5

2.2.

3.8

(lsec/1501b)

^4

i.a
2.5ai uiscance Travel ad | £^.^> | «*~» . | *—.^

150 \b. peada-\ lofce. tH\Y\\YV\OW^ STope?.

E-51
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Series 8 - C/C malfunction - direct short to ground of c/c vacuum pump but

dump valve vacuum plugged. Determine minimum brake pedal force to prevent

vehicle movement after shifting to Drive. Apply brakes in Park and maintain

that level after shifting to Drive.

Brake Pedal Force I24-28124-2 .fil X X X

Stopped in Drive | VcS |\e.S I I I I
% FovvMo-rei. xy\©"Kciv\ \s erVopped, V>cnT ve-ouT TVYes &4n\\
Spm.

Series 9 - Measure minimum stopping distance from 30 mph (wheel lockup OK)

In Dj^ve.:

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

In Reverse:

Run Number

X

i

Time to Stop (sec) |

Speed at Brake Applied |

Distance after Applied |

Pedal Force [

:z&
1-8

3D.2

156,

80
~27T

30- O
49.9
150.

E-52

i%
30-4
42-8

144,

£>L
TL. I

30-1
49.o

150.

ft

ft

ft

ft

ft

ft

ft

ft

ft

ft



84 KAs.vc.orvj

Series 10 - Repeat Series 9 but hold throttle wide open.

In Drive:

Run Number A2.. i £3 , £A
Time to Stop (sec) 5> | 577 j 5^~
Speeo at **. Applied | ^J^ | 32.Z , 32^5

14-4. 1 150. ! ia4.
Distance after Applied

Pedal Force

In Reverse

Run Number .. 85 i 6& i &_
Time to Stop (sec) | 5.2 | ^.3 | 5* j[
Speed at Brake Applied | 3 U& | Ol-O , O^-^
Distance after Applied | 11*7*2 | J.7-T | JO^-^-
Pedal Force | [_jS= I [44* I 152*

Series 11 - A) Measure stopping distance and pedal force from 30 mph for a

10.7 ft/sec/sec deceleration.

In Drive:

Run Number 88 • fi9 , Op
Time to Stop (sec) | 4-*?| 3?? I JT? I30-5 , 29.9 , 30-]

97.3 ; q4.& | 964Speed at Brake Applied | Sr1^*^ I £i *X I
Distance after Applied | ...

| •!£>» j lc^}. I 16.Pedal Force

Tri RAVfil*S6 *

95 196 ...„ m.,k.; , q I ,92 i 9A 1 94
4.3 [4.1 Tl»e to stop (sec)4^ 4?T| 5-3 i 4\

»?|fl'T Speeo at Brie Applleo Sfr<? ^ 1,^1' SH1°«-7 ,948 Dlstance afcer mlUi , ^4.1 , 108.1 i ' \™ i 9o.
12. , 12. ,.H„r^. i 12. , 12. i IP- I f4-

E-53
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Series 11 - B) Measure pedal force for a 30 mph with a 10.7 fc/sec/sec

deceleration (same stopping distance as A) but hold Che throtcle wide open.

Run Number ' q ' ' r*
Time to Stop (sec) | V? t= ' ' 5-1
Speed at Brake Applied | O-C. q I /| ' ^ J\
Distance after Applied | 134 O | j45-4 | )30* A

lofi, , IQ2, . L2aPedal Force |_

In Reverse:

Run Number L

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied | (tloO* 3 | |
Pedal Force I 128. I |

Series 11 • C) Measure stopping distance from'30 mph with the throttle held
wide open but the same pedal force as measured in Series 11 - A).

In Drive:

Run Number J_

lOO

32.7 i i

A£l
Time to Stop (sec) | M-^ | |
Speed at Brake Applied | 32.3 |̂ ^^1 vOYN.
Distance after Applied | *HW"J °f-1 jj
Pedal Fore.. I 2Q I |

In Reverse!

Run Numher |_

Time to Stop (sec) | | |

Speed at Brake Applied | | |

Distance after Applied | | |

Pedal Fore* | | |_

Series 12 - Electro-Static Discharge Tests - Identify which piece of wiring

harness goes to the cruise control. Polnt-and-Shoot procedure to be used.

Ho effect.

E-54



VEHiaE RESEARCH & TEST CENTER

TEST VEHICLE RECCRO

A. DESCRIPTION hb-OOWl

TCSTtoor 78-0/g.ft Date l£>~ 1*3 -1^*^ Model Year: \C\%<S
VIN;wnfti/FA3ffQ3J.\g7<te64Make:MrYr„JL.,v MQdel: 3QOE1

Color; WrvtymAvA Mfg. Date; °l VIST Odometer Reading; l^toZA-.
•""Auto Speed Control
•"Anti-Lock Brakes
t^Air Cond.

-—Oth<r; !
Brakes: Front Rear

Drum

•^Auto Trans.
t^Pwr. Brakes

»—Fwr. Steering

T.
a*

E
•' >.—

Tire Size;fll^BVgl5CVWR 4-Z55
Cylinders; 6 CAWR(F) 2000

Total Displ.;ISO. 3 CAWR(R) 2,255

Fucl tfUecnoM; JLdl fflieelbase UQ.. 2^"
C*Mbu*&T6p.v F.X.

B. CONDITION AS RECEIVED

Vehicle History*.

GtmA »"t\«*\

C. COMMENTS-.

E-55
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TF.ST PROCEDURE FOR TSC TESTS VEHICLE: <?OQEl

Chart recorder for speed, acceleration, rpm, brake pedal force, cruise

control (c/c) vacuum, throttle position, and event versus time at 10 mm/sec.

Engine at normal operating temperature for all tests.

Series 1 - C/C off; Gas pedal floored after shifting to Drive. Go to 30 mph

and repeat twice for a total of 3 runs.

Run Number 1 _\ 1 J2* 1 ^ L
Time to 30 mph (sec) | 4- \ | O-S | O-M |
T«M.1 Distance Traveled I 100-4 | ^0-4 1 ^ f»4 L

Series 2 - C/C off; Normal idle induced creep after shifting to Drive,

to 100 ft. Repeat twice for a total of 3 runs.

Run Number [_

Time to 100 ft I

Final Soeed |_

eat twice tor a cocai or j runs.

4- . 5 i 6 l

Go

Series 3 - C/C malfunctions after shifting to Drive. Go to 30 mph and

repeat twice for a total of 3 runs.

A) Direct short to ground of c/c vacuum pump and dump valve.

Run Number | L_ 1 • •7) 1 -J. — L
Time to 30 mph (sec) | 10* <$ | H-0 | lO-2 |
Total Distance Traveled 1 QI7>4- 1 2&>A.& 12ftA"' 5 L

60
B) Minimum speed circuit fault (Actuate Resume in Drive with a.W'mph

signal). (Frequency @ 1̂ >Q ) -AffZ

*""" , 1 ac?a—! «$ ^#H. to 30 nph (sec, 547>3 a6a>Q ^
Total Distance Traveled I \ 1

-2-0 OAr\Repeat B) with ,130* mph signal. (Frequency @ aO^-P ) -210
17 • .a , aRun Number |_

Time to 30 mph (sec) | t^ \ <*. \ | 6>2 |
Toi-i.1 Distance Traveled I 222.O | \*\Q-H 1 ^^'1 1

E-56
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Series 4 - C/C off; Gas pedal floored after shifting to Drive and until

vehicle stops. Apply brakes at specified pedal forces and time delays.

Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a

totai of 2 runs each.

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

(2sec/601b)

2d.
5.8

/2.5

6<?.4

(2sec/601b)

22.
4-6
/3.7
46.1
69.8

(2sec/1001b)

67J
/4-9

60-6
844

2.*«a/|oo \Vj.
(2sec/1001b)

23

(2sec/1501b)

26

3.9
13-8

6&4

(2sec/1501b)

2724
5-2.
14-2
48.6
J7(.l

25

143
4*>.3
7c7

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

4-\
13.8

65.0

(lsec/601b)

26
3.8
7.4

24.8

(lsec/lOOlb)

31
4.o
7.3

25.0
2.3.7

E-57

(lsec/601b)

2,9
4.3
<Z>-8

26-0

(lsec/lSOlb)

32.
27F
6.2.

22.2.

3.8
13.5
3^.5
57.3

(lsec/lOOlb)

4-1
5-8

26-8
31-2

(lsec/1501b)

2.7
7.8

I 8.0
24-1
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Series 5 - C/C off; Gas pedal floored after shifting to Drive but release

throttle when brakes are applied at specified pedal forces and time delays.

Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a

total of 2 runs each.

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Rmi Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

(2sec/601b)

34_
i.o

|5.5
|4.o

40.5

(2sec/1001b)

57
l-o

15.1
14-8
44.Z

(lsec/60lb)

42
0.6
8.5
6.2
15. f

(lsec/lOOlb)

AL
0.7
9-5
7.0

E-58

(2sec/601b)

as

•2|5.3
|46
43.2

(2sec/1501b)

^8_
I.O

\<b.<b
/4-7
44.Q

(lsec/601b)

43

3:1
14.7

(lsee/lSOlb)

44-

(O.O
7.4

17. (o

(2sec/1001b)

I.o
/6-0
|30
43.3

(2sec/1501b)

%I
15.7
14-4
4&9

(lsec/lOOlb)

40
o.J
7.6
6-1

14J_

(lsec/1501b)

4^
0-7

6-4
14.3
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Series 6 - C/C malfunction (Direct short to ground of c/c vacuum pump and
dump valve) after shifting to Drive. Apply brakes at specified pedal forces
and time delays. Aliow a minimum of 3 minutes between stops for brake
cooling. Repeat for a total of 2 runs each.

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Travel^

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trayp1»rf

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Travp^ri

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Travulp^

(2sec/601b)

4^

0-8

9.2.

2,1-6

(2sec/1001b)

0-8
8-4

(lsec/601b)

0-6
2.4
3>-4
5.4

(lsec/lOOlb)

E-59

(2sec/601b)

4J_
o-8
IO-2
9-5

25.7

(2sec/1501b)

O.B.
|0.4
9.9

24,5

(lsec/601b)

53
0.5
3.1

2.5
4.1

(lsec/1501b)

0.5
S-7
2.8

4.1

(2sec/1001b)

4R
o.ft
9.3
9.1

22.2.

(2sec/lS01b)

51

VO-8
10-5
25. ft

(lsec/lOOlb)

SA.
0-6
4-. 4

3.7
6.7

(lsec/1501b)

SlL

4.2
a. 6
6.0
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Series 7 - C/C malfunction (Minimum speed circuit fault). Actuate Resume in

Drive with a 65 mph signal. Apply brakes at specified pedal forces and time

delays. Allow a minimum of 3 minutes between stops for brake cooling.
Repeat for a total of 2runs each. (t2*0 r°"}

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance TravpU^

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trav.)^

Run Numhftr

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traced,

Run Numhar

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trav.]^

(2sec/601b)

sa.

5.2
3-6

IQ.Q

(2sec/1001b)

C7
6.3
5.0

12.7

(lsec/601b)

<£4
0.3

/.s

(lsec/lOOlb)

6-7
£>.3

ho

E-60

(2sec/601b)

6Q

6-1
4.6

(2sec/l501b)

62,
0-3
5-2
3-3

9.7

(lsec/601b)

0.4

/•5

(lsec/1501b)-

.0.3
/•2
/.2

A2_

(2sec/1001b)

SB.

4.8
2*6

(2sec/1501b)

0.5
4.3
2.7
8-7

(lsec/lOOlb)

(lsec/150lb)

£3.
o.3
1.2
I. I
A5_
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Series 8 - C/C malfunction - direct short to ground of c/c vacuum pump but

dump valve vacuum plugged. Determine minimum brake pedal force to prevent

vehicle movement after shifting to Drive. Apply brakes in Park and maintain

that level after shifting to Drive.

Brake Pedal Force I OO |4Q
Stopped in Drive | Y~lO | ^&3 I I I I £
Owce- -rVxe. c*x-v sVcorTfc -t"«j wvoVt-, iT -taAoas 70-80 \bs. <^"
P.H Tto «ST2»p I'V:

Series 9 - Measure minimum stopping distance from 30 mph (wheel lockup OK).

In Drive:

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

In fteverse:

Run Hnwher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

70

30.5
49-4
7Q.

1Z2.
2-5

29.7
546
70.

E-61

I

71
1.8

30-7
45.I
70.

24,
2.5

Z9.9
55.7
70.

dZ-
1.7

ao-2-

60—70.

IL5_
I 2.8

, 64.3
.40.-60.

76
2.4

2^-9
52.9
70.
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Series 10 - Repeat Series 9 but hold throttle wide open. ^

In Drive: —7<0 O/ft
Rvn timber . I XJ I J1S 1 7W 1 SOTime to Stop (sec) , 6-g , ^3 , ^ . ^
Speed at Brake Applied *-*->Jl ^T ^ , _,-», .- , ,7a /L
Stance arte, Appllea | /6&7 ,/7 /. O ,/^».5 I /«3-6
P.H.I Force I/50.-/60. l/SO.-/&Q. l/SQ-ffcOl /50.

Run Number | 8/ 1 £2 1 83
Time to Stop (sec) | 9- / | /^S I ^-OSpeed at Brake Applied , 2?- 8 ,£^ ,^ ^
Distance after Applied |

Pedal Force I/90-200. i/^0.-/7Q ,/60.-/70.

^

**>

ft

Series 11 - A) Measure stopping distance and pedal force from 30 mph for a

10.7 ft/sec/sec deceleration.

In Drive: ^

Run timber | £4: | fij5_ 1—q6^ 87
Time to Stop (sec) 3^7jj| I J&% ' 4-4;Speed at Brake Applied , 3^4 . gO.4 .|^ 9 ,^7
Distance after Applied | 85-2 . /09-3 .$fi.5 (/0j.4^
ze^Jt^ • /2.-/6. . /2.-2A ./2.-2ai /8.

In Reverse:

Run Number I

Time to Stop (sec) | i~ — \ •- ^ i ^ ..
Speed at Brake Applied | 2rY-& |<2^| | g^*^
Distance after Applied | 92- / | O4- ' | ^-O* _

£8 , 89 | 90
4^> 40 j ^o

<*i

\/6.-ia i /fl.-2a i \Q.~20.Pedal Force | /g?f — /C* 1 / O* *"* 1 L^ ±=±=^L *

E-62
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Series 11 - B) Measure pedal force for a 30 mph with a 10.7 ft/sec/sec .

deceleration (same stopping distance as A) but hold the throttle wide open.

In Drive:

Run Number I <?/ • 92 , 9?>
Time to Stop (sec) | 3.7 | 4^1 S I 3.4
Speed at Brake Applied | 33-3 | ^T | 33.5
Distance after Applied \\fol»& | /'rO-O j }3&<-&
Pedal Force I l^O. I 730. I /40.

In Reverse:

Run Number I Q ^~ I *?^3 I <T.^>
Time to Stop (sec) | l3.S> | ID**~J | 8-3
Speed at Brake Applied | 2*?>;V | ^2"^ I^PX'^J
Distance after Applied | 270. | /<t3'3 | /O /' /
Pednl F?rC. '. W. I /6Q. ,2JOO-

Series 11 - C) Measure stopping distance from 30 mph with the throttle held

wide open but the same pedal force as measured in Series 11 - A).

In Drive:

Run Number

Time to Stop (sec) | | |

Speed at Brake Applied | | |

Distance after Applied | | |

Pedal Force | | |_

In Reverse;

Run Number. I | |_
Time to Stop (sec) | | |

Speed at Brake Applied | | \
Distance after Applied | | |

Pedal Force I I |_

Series 12 - Electro-Static Discharge Tests - Identify which piece of wiring

harness goes to the cruise control. Point-and-Shoot procedure to be used.

Not <Jtme.-rtf**tKiS COA..
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VEHiaE RESEARCH & TEST CENTER

"TEST VEHICLE RECCRO

&)

f*S

A. DESCRIPTION {-'-*~uefl
TESTkvj. 78-Q/acj pate f//& / 8 g Model Year; 82
VIN; jTamX^E0CQQ35^ten2>VJ cSbc. Model; C^^JcU. *
Color: ti 3UHg, Mfo. Date; lO/p>. Odometer Reading; 2Q. !&£,

Auto Trans. <»"Kuto Speed Control
--"rVr. Brakes Anti-Lock Brakes

* ^^Alr Cond. (*s
Jt^fnv, Steering j cM,^.

I
L

I

Brakes: Front Rear
Drum «-—
6isb ""^

Tire Size; leshbKrH CVWR 3S£S

Cylinders: & GAVffl(F) 2.0*15

Total Oispl.: 2.feL CAWR(R) 2<40

rucu igjscrtdfl; J-^1 tiheelbase ICH"

B. CCflOITICN AS RECEIVED

Vehicle History:

C CCNWEMTS*.

ft

^

ft

ft

ft
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\Jgg(^.TF.ST PROCEDllPF. FOR TSC TESTS VEHICLE: Up\J

Chart recorder for speed, acceleration, rpm, brake pedal force, cruise

control (c/c) vacuum, throttle position, and event versus time at 10 mm/sec.

Engine at normal operating temperature for all tests.

Series 1 - C/C off; Gas pedal floored after shifting to Drive. Go to 30 mph

and repeat twice for a total of 3 runs.

Run Number 1 _-L 1 -4&z ' &? L
Time to 30 mph (sec) | ^ , ^'<^ | J^7 I
Tot*! Distance Tripled I 9v5.9 1 T7*0 1 7^^ L

Series 2 - C/C off; Normal idle induced creep after shifting to Drive. Go

to 100 ft. Repeat twice for a total of 3 runs.

JL i >5 i 6 i J
/<£.3 i 75.2 i /5.4 i /&./
<3./ i 3.6 i 3.6 i 3.6

Run Number L

Time to 100 ft I

Final Speed |_

Series 3 - C/C malfunctions after shifting to Drive. Go to 30 mph and

repeat twice for a total of 3 runs.

A) Direct short to ground of c/c vacuum puno and dump valve.

R*" Number 1 8 1 2^ 1 JO- L
Time to 30 mph (sec) | '* ^ I \- ' ^ a '
T^l Stance Traveled I A39. 8 1 '8Q-Q |_Z574 L

B) Minimum speed circuit fault (Actuate Resume in Drive with a 65 mph

signal). (Frequency @ f°^ ) -105
RuiLiiuiDbjS 1 Jl 1 ^/2 1 Jj3 L
Time to 30 mph (sec) | ^ I ,_ ^ I —, _ ^ ^ I

».,., M.,,~ •»•.!-• 3go.<g i 355.Q . 3?^? i

Repeat B) with 130 mph signal. (Frequency @ /^T^ ) -210
Rvn Number 1 /J- I ff? I A£ L
Time to 30 mph (sec) | /0* ' \ 'rjj I " T I

• Total Distance Traveled I 4-Z8.<L | Q/4> / \ZftO* O 1.
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Series 4 - C/C off; Gas pedal floored after shifting to Drive and until

vehicle stops. Apply brakes at specified pedal forces and time delays.

Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a

total of 2 runs each.

| (2sec/601b) | (2sec/601b) | (2sec/1001b)
Run Number 1 )~[ I '& 1 / T
Time to Stop (sec) \ Ja'% I ,^'9 1 ,5"^
Speed at Brake Applied | /T *** , /O-D 1 '°#T
Distance after Applied \^C*^ '^/O l*2^*^
Total Distance Traveled 1v5^-^ \54"f y$H• ^

| (2sec/1001b) | (2sec/1501b) | (2sec/1501b)

Run Number | Z& 1 2* f 1 a2-2x
«. to Stop (sec) | 2-| J 2-<§ , JO
Speed at Brake Applied \ / jT' | o<2 £. ' 5/7
Distance after Applied | 2* ' * ' \ ^fD* | ~*~f* '
Total Distance Traveled | v52-^T" f O 7' ^ 1 4"T • »

| (lsec/601b) | (lsec/601b) | (lsec/lOOlb)
Run Number | 2JZj \ -2-4 | 2-<5
Time to Stop (sec) | /• ^ | A^ | A^
Speed at Brake Applied | 7« 1 | 4" n \ s~i£"A^+.
Distance after Applied | /4^ | '^^± ,C^^>
Total Distance Traveled \ fR'Q \ 18* ' | 2.W •O

| (lsec/lOOlb) | (lsec/1501b) | (lsec/1501b)
Run Numher | ,2^> | -277 | '2^3
Time to Stop (sec) | A| , A^ , Ag
Speed at Brake Applied | ^ ' / /.O ' /£>.£
Distance after Applied | 'C^* | '- e | v*
Total Distance Traveled 1 / 5 • ' | ' '*vJ 1 /^-
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U

•$T* £\eP*\- Time to Stop (sec)
V^7 ^ &a^ Speed at Brake Applied

Distance after Applied

Total Pis far.™ Traveled

'fr

Series 5 - C/C off; Gas pedal floored after shifting to Drive but release

throttle when brakes are applied, at specified pedal forces and time delays.
Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a
total of 2 runs each.

Run Number

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Travel Ad

Run Number

Time Co Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance TravelPd

Run Numr»»r

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trnvttlpd,

(2sec/601b)

2,9

/7.2.*

47- 2.

(2sec/1001b)

32,
A/

/7-S

/7'45/. 5

(lsec/601b)

37

7-7
16.8

(lsec/lOOlb)

a&
75TE

7.4

ad.

E-67

(2sec/601b)

3£>
725

15-9
4&A

(2sec/1501b)

_33

/3.4
45.5

(lsec/601b)

<3S

J
7.7

[7.&

(lsec/1501b)

39

/6.3

(2sec/1001b)

/.o
A3. <?

(2sec/1501b)

34-

45.5

(lsec/lOOlb)

3-3

(Isec/I501b)

4o

Z.2.<?



Ha\}o

Series 6 - C/C malfunction (Direct short to ground of c/c vacuum pump and

dump valve) after shifting to Drive. Apply brakes at specified pedal forces

and time delays. Allow a minimum of 3 minutes between stops for brake

cooling. Repeat for a total of 2 runs each.

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time Co Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

R.H. Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trnvplefl

(2sec/601b)

41

9.9
15.8
2.9.4

(2sec/1001b)

^4-

9.5
12.1

24. &

(lsec/601b)

*a:

5A
8.2

(lsec/lOOlb)

ftp
o.3"
2.0

2.<S
4.Q

E-68

(2sec/601b)

42

1.7
14-8
23.4-

k

(2sec/1501b)sc/1501

i<o.<s

2&.A

(lsec/601b)

46

9^4.<6

79

(lsec/1501b)

0.-5

Z-7
A4,

(2sec/1001b)

45
TT27-

12-2
25-5

(2sec/150lb)

4<^

2. I.O

(lsec/lOOlb)

43.

(lsec/1501b)

-52,
o.3
2-8
2.-<£
4.5
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Series 7 - C/C malfunction (Minimum speed circuit fault). Actuate Resume in

Drive with a 65 mph signal. Apply brakes at specified pedal forces and time
delays. Allow a minimum of 3 minutes between stops for brake cooling.
Repeat for a total of 2 runs each. /£\5 A^

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

(2sec/601b)

2.8>
13d

2J5
•9.0

(2sec/1001b)

AY

22.-3
4/3.2.

(lsec/601b)

£L

S.9

/4.o

(lsec/lOOlb)

^4-

7-8

E-69

(2sec/601b)

3<£

C30-9

(2sec/1501b)

n
I7.0
37.5

(lsec/601b)

3.4
9-7

1*5.2,

(lsec/1501b)

^-3

/AS

(2sec/1001b)

57

45.fi

(2sac/l501t>)

11-7
,7.5
37.5

(lsec/lOOlb)

2.

5.4
7.1

12.7

(lsec/1501b)

6><Z>
O.S

<3-9

4

i

£>7



\°y rb

Cutov^t c•^•sca.NSeries 8 - C/C malfunction - direct short to ground of c/c V,^f u..J
dttmp iralve vacuum plugged. Determine minimum brake, pedal force to prevent
vehicle movement after shifting to Drive. Apply brakes in Park and maintain
that level after shifting to Drive.

Brake Pedal Force I /8> \ tO \ A5 | 16 \ ! (Y \
Stopped in Drive | Y&3 | n<0 | VI O | y\0 I V<S3 K

Conversion Reference (mph x 1.6093 - km/h):

MPH 20 25 30 35 40 45 50 55 60 65 130

KM/HR 32 40 48 56 64 72 80 89 97 105 210

E-70
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VEHiaE RESEARCH & TEST CENTER

TEST VEHICLE RECCRO

A. DESCRIPTION

-testmo? "78-Q/ag Oate ff/Wc?9 .Model Year;<9&
VIN; KS^X^BlfiFSQSAaSMa^; BotcE

Color; \Miwa Mfg. Date;Q5;/3^> Odometer Reading; 767&
P^Auto Trans.
*yPwr. Brakes

«-^rVr. Steering

I: _

Model; ElectVex

*^uto Speed Control
♦^Anti-Lock Brakes
*^-air Cond.

-'—Ofch«r;

Brakes:
Oium

bisk

Front Rear.

Tire SizePlOSf)'Sri2M- A3lA
Cylinders; £> CAV)R(F) Z3 Co Co

Total Displ. ;3»S GAWR(R) TjD & 8
Pbcu tiijscntwi:. Wheelbase 11/

B. CCKHTICN AS RECEIVED .

Vehicle History'

C^A-tu^^^V^ Vfi^V C^-\-. XAM.p«-«- TBS5^ oJ&

c. cen\w€MTS-.

E-71
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TEST PROCEnilRF. TOR TSC TESTS vehicle: iBu\>-W Electro.

Chart recorder for speed, acceleration rpm, brake pedal force, cruise

control (c/c) vacuum, throttle position, and event versus time at 10 mm/sec.

Engine at normal operating temperature for all tests.

Series 1 - C/C off; Gas pedal floored after shifting to Drive. Go to 30 mph

and repeat twice for a total of 3 runs

Run Number |_

Time to 30 mph (sec) |

Total Distance Traveled I

x
3.^

<34,q x

4.o 3. S
93.8

Series 2 - C/C off; Normal idle induced creep after shifting to Drive. Go

to 100 ft. Repeat twice for a total of 3 runs.

Run Number | ^T | i5__ 1 ^_ 1
Time to 100 ft I 2/U8 , 2^6 16.7 17.3

^4Final Speed |_ 3.3 3.<b J- 5J-

Series 3 - C/C malfunctions after shifting to Drive. Go to 30 mph and

repeat twice for a total of 3 runs.

A) Direct short to ground of c/c vacuum pump and dump valve.

Run Number | 8, | f\ | [£2 L
~2f7Ttoi. I

4--o

97. <£
4.0Time to 30 mph (sec) |

Total Distance Traveled I

B) Minimum speed circuit fault (Actuate Resume in Drive with a 65 mph

signal). (Frequency @ OCo ) -105
Run wvrcber » 47 i 48 I 4-gfi fg>i 51 , fit:

w

Repeat B) with 130 mph signal.

Run Number

Time to 30 mph (sec) | ©»7

Total Distance Traveled |f77« 1

\5Zk 53

\<o%Z1 (75.0

E-72

Time to 30 mph (sec) | '"' \ 4"»C)
Total Distance Traveled I 7,25?. «3 \Qf*A

3mrtff
102.9,18,6

7-4- | 6.
217.71 181m

(Frequency (3

I 34 f 55 i
6>0 ) -210

8.3
36
TW

57 i

227.8i34^.2|aZ72,q



Buick

Series 4 - C/C off; Gas pedal floored after shifting to Drive and until

vehicle stops. Apply brakes at specified pedal forces and time delays.
Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a
total of 2 runs each.

Run Number

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

(2sec/601b)

*h
14.7

39.5

(2sec/1001b)Sj?
1.2.

/5-S
18.2.
43.2

(lsec/601b)

17,

2.9

(laec/lOOlb)

2JT>

6» .
7-/

/2-7

E-73

(2sec/601b)

±2-

2.3.8

(2sec/1501b)ec/15

J3

174
3s*-7

(lsac/601b)

84
%7

(lsec/1501b)

(2sec/l001b)

15

I

1-2
Jfc.f

4-4

(2sec/1501b)

16.2-
R.5
45.4

(lsec/lQplb)j«J
7«0

I2--5

(lsec/1501b)

o- £>
£>• ^3T.ye5
6- 3J V?

//'J



©uicks

iSeries 5 - C/C off; Gas pedal floored after shifting to Drive but release
khrottle when brakes are annUed at specified pedal forces and time delays.
Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a
total of 2 runs each.

Run Number

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traveled^

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied

Total Distance Traced

Run Number

Time to Stop

Speed at Brake Applied

Distance after Applied

Total P.stance Traveled

Run Numher

Time to Stop

Speed at Brake Applied

Distance after Applied
Total Distance Trr,-1Tr,

(2sec/601b)

1-2,

43.2-

(2sec/1001b)

2&

J6.0
16.2.
43-1

(lsec/6sec/6DJ.b)

A5»7

(lsec/lOOlb)

ISA

E-74

(2sec/601b)

24

47.7

(2sec/1501b)

2J1

|5.8
14-&

(lsec/601b)

/7-f

<lsec/1501b)

0-5
S.4

A3. |

(2sec/100lb)

Tnzr

45.4

(lsec/lOOlb)

e>. g

77.2-

(lsec/1501b)lsec/151

o
S.s
"7.0



Butc-K

Series 6 -C/C malfunction (Direct short to ground of c/c vacuum pump and
dump valve) after shifting to Drive. Apply brakes at specified pedal forces
and time delays. Allow a minimum of 3 minutes between stops for brake
cooling. Repeat for a total of 2 runs each.

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

(2sec/601b)

I

I1-5
13-7
27.5

(2sec/1001b)

T)6
1.2.

(2-3

3U7

(lsec/601b)

AL

5a<?

(lsec/lOOlb)

44
o.8
4.2.
4.<h
7.Q

E-75

(2sec/601b)

Sh.

t~7.Z>

(2sec/1501b)

11-1
23.^

(lsec/601b)

7-6

(lsec/1501b)

4a
^7"

2.8

(2sec/1001b)

C=?7

4:

(2sec/

Aa
i-o

11-7

25.4

7.9.

501b)

4ok
i.o

p.4
12.6

26.9

(lsec/1001b)

43.

T.4

(lsec/1501b)

4£>

5-&

40

23.



10

6o\eK

Series 7 - C/C malfunction (Minimum speed circuit fault). Actuate Resume in

Drive with a 65 mph signal. Apply brakes at specified pedal forces and time

delays. Allow a minimum of 3 minutes between stops, for brake cooling.
Repeat for a total of 2 runs each. 3<S* nj

' (2sec/601b) | (2sec/601b)
Run Number I ~7€2 I 7/
Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied
Iot.il Distance Trai^]^

1.2,

2.2.. I

(2sec/1001b)

73

(lsec/6Qlb)

74-

I2.~2,
12*4
2^6.5

LO.
(lsec/lOOlb)

7
a *

/0.41v..
/<0.4Jyes
ZzJ?

E-76

1.2.

22..C

6^&

(2sec/1501b)

/L.O.
(lsec/601b)

7C)

24-&

(lsec/150lb)

L.D.
(2sec/1001b)

72.

2,3. <2>
<6 2-7

(2sac/1501b)

(lsec/lOOlb)

7<^
/.o

/a./
/2-7-

(isec/1501b)



t-^

Series 8-C/C malfunction -direct short to ground of c/c vacuum pump but
dump valve vacuum plugged. Determine minimum brake pedal force to prevent
vehicle movement after shifting to Drive. Apply brakes in Park and maintain
that level after shifting to Drive.

Brake Pedal Force [IQ

Stopped in Drive |yvo

2C|30

Y\o| t\o

4ai35|32.|3o
v/es| JviT"

Kotds
N/«A|v/e&

I

Electro-Static Discharge Tests -Identify which piece of wiring harness goes
to the cruise control. Point-and-Shoot procedure to be used. Use 25 KV for
magnetic loop and 10,000 KV for spark tip tests. Note results, especially
if tests cause intermittent throttle opening.

No -fckv^Hrie cjtj <>vmim, ,
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VEHICLE RESEARCH & TEST CENTER

TEST VEHICLE RECCRO

A. OESCRIPTICN

TOI-MO? 78-0/28 Qate W/\l (%?> Model Year; tf*H
VIN; 16lf\P876X£Kill73&0 Make:Chcvvo..rt Model; Cgma.ro 7LZ%

Color; Creo.ii Mfg. Date; /o/fl3 Odometer Reading:_6p^Vfi/_
i^Auto Trans. 6>*©rJiriVt) ^ Auto Speed Control
i^Pwr. Brakes w/A Anti-Lock Brakes

, tX"Air Cond.
j^_Pwc. Steering _ Qtf^v.. _. ^^

I1 ., Brakes; Front Rear
L' Drum .y-
[• Disk "F^
L.
\
i

Tire Si2e;^5A5gl5 GVWR Hill

Cylinders; V-8 GAV/R(F) 2/38

Total 0ispl.;5.oL GAWR(R) /?7*5

Fuet- tnjiscntvJrJlid. ttheelbase fof "

B. CCfaDITICN AS RECEIVED

Vehicle History*. Bo«jKt*used' 4V** Cot*-<J*weeA Krkr S«les o* l»/3/o*6

Ca»r»A«"tu»\ «

c. certiftgMTS-.
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TEST PROCEDURE FOR TSC TESTS VEHICLE: ^»tTiQ,ro

Chart recorder for speed, acceleration, rpm, brake pedal force, cruise

control (c/c) vacuum, throttle position, and event versus time at 10 mm/sec.

Engine at normal operating temperature for all tests.

Series 1 - C/C off; Gas pedal floored after shifting to Drive. Go to 30 mph

anc

Run Number

and repeat twice for a total of 3 runs.

I 1 I ^ I ^ L
Time to 30 mph (sec) | J^.S I dp~ I J5*^L •
Total Distance Traveled I 8<7»5 | ^Q.Q | 84.Q j.

Series 2 - C/C off; Normal idle induced creep after shifting to Drive. Go

to 100 ft. Repeat twice for a total of 3 runs.

RW1 timber I 4= 1 S 1 (S- 1 _*
Time to loo ft i 17.4 i 17.2, i (3d—i—LQ^.
Ffn,1 ^ed | jk3 | ft4 1 j^?*' 1 J|?-'

Series 3 - C/C malfunctions after shifting to Drive. Go to 30 mph and

repeat twice for a total of 3 runs.

A) Direct short to ground of c/c vacuum pump and dump valve.

Run Number | 56 I 37 1 5& L
Time to 30 mph (sec) | 4.3 | 4-4 | 4-4* j
Total Distance Traveled I QV. fi | 256 177-4 L

B) Minimum speed circuit fault (Actuate Resume in Drive with a 65 mph

signal). (Frequency @ >30 ) -105
Run Number | 52 \ &Q I £> I I
Time to 30 mph (sec) | 4%3 j 4-7 | 4~-/ |
Total Distance Traveled I 722.5 ] 14-1*4 | J37» 2^ |

Repeat B) with 130 mph signal. (Frequency @ ^fC/ ) -210
Run Numher I 62, .I 6^3 I 64- \
Time to 30 mph (sec) | J^S% I ^~'^ I ^'^ |
Total Distance Traveled I ?0-0 | j3^-8 I I'82.4- j
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Series 4 - C/C off; Gas pedal floored after shifting to Drive and until

vehicle stops- Apply brakes at specified pedal forces and time delays.

Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a
total of 2 runs each.

ft

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run lumber

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run, Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

(2sec/601b)

8
3-0

18.7

78.5
I 1 2-^

(2sec/

II
4.1

18.3

637

S8.2

001b)

15
4-6

18.3
65.3

<?6.6

(lsec/601b)

fo.l
io.o
80- \
qo.4

(lsec/lOOlb)

2Q
2.6
8.8

27-2.
aa.7

E-80

(2sec/601b)sec/

9
3.2.

82.1
I2Q-5

(2sec/1501b)

4-1 . 2.7
18-8 i8-<=>
57-2 a8-6

^•2.0-Ylvj <AoumiiV\\W

(lsec/601b)

5.&
8.*?

67-0
75.4

(lsec/1501b)

ZA
23

24.1
54.2.*

(2sec/1001b)

IP

ft

3.2. fU~l
18•O F****^ «*
49.2. W'gV^
73.8

(2sec/1501b)

13

(lsec/lOOlb)

ia
3-3
8-7

37.7
4&.fn

(lsec/1501b)

22,
2.8
|0-4
30-7
40.£> *•

ft

14
T5
16-8
46-C
79. g

(*S

f$S

^

"^ pvovVT* VvlVv^els locked.

Z. 4S ep»*v

^

^



^

C-ol-yvvaX~d

Series 5-C/C off; Gas pedal floored after shifting to Drive but release
•thmtle when hr^eg flre aPp]fed at specified pedal forces and time delays.
Allow aminimum of 3minutes between stops for brake cooling. Repeat for a
total of 2 runs each.

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trave^ |

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Nnmher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance" Traveled

(2sec/601b)

2,3

(2sec/10»lb)

26 27
l.2,\ U2

R.2. 17.7,
Z2.6>\263
5S.9152.4]'

(lsec/601b)

I.O

M-2.
-24-7

(lsec/lOOlb)

E-81

(2sec/601b)

(2sec/1501b)

"TT1
\l-6
I8-0

51.2.
•-Lo.lc

(lsec/601b)

2^_
o.

B-7

zo.9

up

(lsec/1501b)sec/150

2.1.4-

(2sec/1001b)

25
[727

16-5
20-6
54-5

(2sec/1501b)

23_ I 3c

/5.2

43-5

(lsec/lOOlb)

3^>

JZ0.7

(lsec/1501b)

2.1.3

2.O.

57-



C^r^CLrao

Series 6 - C/C malfunction (Direct short to ground of c/c vacuum pump and

dump valve) after shifting to Drive. Apply brakes at specified pedal forces

and time delays. Allow a minimum of 3 minutes between stops for brake

cooling. Repeat for a total of 2 runs each. 3^ ^

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trf""»T"1

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled,

(2sec/601b)

TT

37.3

78.8

(lsec/601b)

27- 6 W ,
3^.3\ Wj

J_

(lsecZlflOlb)

1.2-

I 1-4-
]£>.£,
31^

E-82

(2sec/601b)!sec/60:

isrrs-

76.4

(lsec/60 >)

HI
I.37N3

12.9 F-l

347B3^

(Isec/I501b)

/.o
)2A
14*1

(2sec/1001b)

siJ7S—

32-^
72-3

(lsec/lOOlb)

\L>S2
J2S-S

(lsec/1501bi^7:

/3-9
2&3

(*)

ft

ft

ft

ft

ft

ft

f&)

t^l



(^OAYV^VO

Series 7 - C/C malfunction (Minimum speed circuit fault). Actuate Resume in

Drive with a 65 mph signal. Apply brakes at specified pedal forces and time

delays. Allow a minimum of 3 minutes between stops for brake cooling.
Repeat for a total of 2 runs each. 30 OJ

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Nnmher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trave]ed

(2sec/601b)

(b5
\.(o

34.0

76.3

(2sec/1001b)

(lsec/601b)

XI
U2T

I (-8

3Q.4

(lsec/lOOlb)

74- I -ft

11-7
174

32»3

E-83

12.2!
|7.2|
33j0

(2sec/601b)

\.(p
I6.8
3>l-5
11.2

(2sec/1501b)

-ffr-
iq.5
26.&
66.0

up

(lsec/601b)

Z2-

11-5
(7.6

(lsec/1501b)

76

1-9(2.2
15.2
31.1

(2sec/1001b)

&7

|7-S
24.4
77-3

(2sec/1501b)

7Q

.q.2
25.2
63.

<fi, «2y\t4 oT" €»"te>p \

(lsec/lOOlb)

~7?>
1.2

/3.3
|7.4

(lsec/1501b)

JZZ

>.^3.

13.3
16.8

53.6

up

JZ8.
VZT

|3-£>
/7-0
34.|
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Series 8 - C/C malfunction - direct short to ground of c/c vacuum pump but

dump valve vacuum plugged. Determine minimum brake pedal force.to prevent

vehicle movement after shifting to Drive. Apply brakes in Park and maintain

that level after shifting to Drive.

ft

ft

ft

^^3 Brake Pedal Force I ZQ I
Stopped in Drive | Y\o |

•Z/CYo Spe.<sdL.

4Q . 25,30 t 27 126 1 2?

VMlAVv C^-V <CT"or.5p ^

Series 9 - Measure minimum stopping distance from 30 mph (wheel lockup OK)

In Driver

Run Number i.

Time to Stop (sec) |

Speed at Brake Applied |

Distance after Applied |

Pedal F<?rge I

In Reverse:

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

57 » 58 1 39

30.4
43.6

120.

US"
ao-3
44.5

UT

30.6
43.4
90.

42
2,2

Z<?4

120.

E-84

x 4^
2-3

29-7
53-5

J IP-

1too.

ft

40
7^"

437
I4Q.

<*»

ft

ft

ft

ft
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Series 10 - Repeat Series 9 but hold throttle wide open.

In Drive:

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

In Reverse:

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

44 45 46
3-2-1 . „

31-7 , 30-J
81-0 , <?5.9 ;

I 8Q.wflL.yl llO.mo.xi

j_94_
q.2

j 33.8
12*1 IA
17Q.m<^

*Bi9fc
q.7, q.T

31.6 30-5
2502, 247.1
7t6vnttyiA4twotl76w,ajei 7Q.ivv.ay

5.5
3U3

; 13.4
) 7D. YYW.X

97, <R8
<*.. q.q

32.5 31.0
23&PI 256.7

Series 11 - A) Measure stopping distance and pedal force from 30 mph for a

10.7 ft/sec/sec deceleration.

In Drive:

Run Numher

Time Co Scop (sec)

Speed ac Brake Applied

Discance afcer Applied

P.dal Fnr-.

In Reverse:

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

I

AS.
4.<& i

30.4 i
131-1*,

18.
%2cris«.'

so
4<=>

3
i3-l

X 52, i 3)5
4.6

29.6
100.8

Ifc.

29.0
loo-l

18.

E-85

£l
4-.0

54-

23-2

2D.
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Series 11 • B) Measure pedal force for a 30 mph with a 10.7 ft/sec/sec

deceleration (same.stopping distance as A) but hold the throttle wide open.

In Drive:

Run Number x
Time to Stop (sec) |

Speed at Brake Applied |

Distance after Applied |

fedal Force L

In Reverse;

Run Number X

9^
51 i

3UO ,
127.1 ,
I 28.«v\tvyj

1Q2

Time to Stop (sec) | sC/o. (
Speed at Brake Applied | O+•*

Distance after Applied |49O* 2»
Pedal Force I \ "7Q. X

IPO i
5.2. ,

31.2
116.3 |

•Q3
15.3 |
32.0 -

376*8 '

5\-2
I 12.4

16a YV^Q/X

>o4-
15.5

„._- , 415.2-
140. i I7Q.

IOZj
33

32.9
25?.8

J44.

Series 11 - C) Measure stopping distance from 30 mph with the throttle held

wide open but the same pedal force as measured in Series 11 • A).

In Drive:

R"n.,Nwiiber

Time

In Reverse;

Run Numher

(sec)

Time teia^mp (sec)

Speed at Brake Applied

Distance after Applied

Pedal Force

\Q<o
22T

Distance after Applied |544* I
Pedal Force 1.8 -"2iO

Wit

I

X

Speed at Brake Applied | 32.0 | VAeld \w>*p.p.Y\.
c-cx-Y.

I

I

|333-
» 2Q-3Q

ica
8-9 , Reiuui'op Spfi^

33.0 , \Mcni* •v«.T 35wph
X X

Series 12 - Electro-Static Discharge Tests - Identify which piece of wiring
harness goes to the cruise control. Point-and-Shoot procedure to be used.

NoS£fe4

E-86

ft

ft

ft

ft

1*1

ft

^

^

^

fi>



A. DESCRIPTION

VEHICLE RESEARCH & TEST CENTER

-TEST VEHICLE REGRO

T&STN30r 78-0ja8 Date //Ae/&8 Mod8l Year; /?S5
VIN; 1C36T 5tVEl FC2W3Q2 Make'; CA v^slev Model; 'N<ui YolrKeV
Color; ^ttrre. Mfg. pate; 3-S5 Odometer Reading; 3?&CZ

t^Auto Trans.
Pwr. Brakes

i^Pwr. Steering

T»

I

A^Auto Speed Control
Vv%4 Anti-Lock Brakes

/•-"'Air Cond.

-— Oth«r; __; _

Brakes: Front Rear
Drum
Disk

Tire Size; 919,5/7^11 CVWR 38yg. 06»
Cylinders; */ CAV/R(F) 21£fc

Total D1sp1.;2.2L CAWR(R) /7&6>
EPC — •

Focu rfJjJtKsnwjJIi^k tiheelbase /iOV

B. CCNOITICN AS RECEIVED

Vehicle History*.

C. CCfAwyiMTS-.

E-87

Seian 4D



<Uc,

'6*

l^-t 1-*

TEST PROCEDTIRF. FOR TSC TESTS VEHICLE: CLh yTU^/d<s-y

Chart recorder for speed, acceleration, rpm, brake pedal force, cruise

control (c/c) vacuum, throttle position, and event versus time at 10 mm/sec.

Engine at normal operating temperature for all tests.

Series 1 - C/C off; Gas pedal floored after shifting to Drive. Go to 30 mph

and repeat twice for a total of 3 runs:

I 2
3^

Run Number X

Time to 30 mph (sec) |

Total Distance Traveled IC\2>'^-
44^1 36

<\ 1-5 .873

4-

32,
JK «« d.V\

Series 2 - C/C off; Normal idle induced creep after shifting to Drive,

to 100 ft. Repeat twice for a total of 3 runs.

Run Number X X £ J.
i

Time to 100 ft I JO^ 1_
Final Sneed x3ZL

1 ll&

AW "3JT
3^

%
a7\-

i

6-3

-*w

Series 3 C/C malfunctions after shifting to Drive.

repeat twice for a total of 3 runs. , -, , ft - / B„„J)
v ,1 j 1 i" ir"t —
A) Direct short to ground of c/c vwuum pump and dump Talre.pqtfc^ &Sb+qqsL&

u« i %. i 12 i j L OT,

Go to 30 mph and

k
Go

(^

ft

^

ft

ft

ft

¥ &r
W* Ena

Time, to 30 mph (sec) | O- «

Total Distance Traveled I 2&Q-2+
"^3 , e>:+

238.7 ]_^15.II

dVx OV\ -U*

M
B) Minimum\peed circuit fault (Actuate

signal).

e In Drive with a 65 mph

\j/f\ 0^ vvve.ctXcuA^cJ'
Run Number

Time to 30 mph (sec)

Total Distance Traveled

Repeat B) with 130

Run Number

Time to 30 mph (sec)^ |

Total Distance Traveled I

E-88

(Frequency @

J

ff

) -210

ft

ft

ft

ft
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Series 4 - C/C off; Gas pedal floored after shifting to Drive and until

vehicle stops. Apply brakes at specified pedal forces and time delays.

Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a

total of 2 runs each.

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time' to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

X^lU

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

1-8 UT
I3.\ |2.8
22R 23-2.

(lsec/60lb)

24 123

.Hco kv«K

E-89

38.2, \38.&

(lsec/tlOlb)

/«5 j /.B
7o 7-2
/2./ J/2,4
181 itf-O

'«% £

(lsec/lSOlb)

32. /33
O-B' £>-8
&.0 3.2

(lsec/!

28

<jL

101b)

2.9

5-8
8-1

>01b)

35
(lsec/l

34

77

17-8/
t.4-

13-8
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Series 5 - C/C off; Gas pedal floored after shifting to Drive but release

throttle when, brakes are applied at specified pedal forces and time delays.
Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a
total of 2 runs each.

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Travele

Run Number

^Tljsec/iulb)
4-3 144-

Time' to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trave^d,

(2sec/601b)

36/37
T^5
14.4
14-7
39-2

(2sec/lD0

4-1 i

13-3 '2*3
58.1/35.1

i.o
13.4

|4I

•3fe

o.6
£.7

/(.I

&2-
4>3

2^l

E-90

(2sec/d01b)

38

13-8
14-1

37-2

aa
\.o

14-7
14.0
Q9.1

(2sec/1501b)

(lsec/«01b)

45T46

3£>
42

13-31
4.7

(2sec/1001b)

40

(3-4-
/3.I
34-8

3
(2sec/1501b)

(lsec/li'001b) _

4,4 4-c>
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Series 6 C/C malfunction (Direct short to ground of c/c vacuum pump and\ . -y"—»." ,«/" iu«i.iuiii.h.uh vuilbul snotc co grouna or c/c vacuum pump ana
-v \>Wd. PovW-plw.og*®1

0^ dump valve.) aTter shifting to Drive. Apply brakes at specified pedal forces
and time delays. Allow a minimum of 3 minutes between stops for brake

cooling. Repeat for a total of 2 runs each.

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time' to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

(2sec/64lb)

•5S7g<?
4-8 \2-9

2sec/100lb)

/£2.SL
^"7 A?«7

(lsec/601b)

&3

(lsec/lOOlb)

a-'S

E-91

(2sec/6)lb)

(2sec/1501b)

(lsec/601b)

(lsec/1501b)

(2sec/100p.b)

o-8 Yo.6>
'6£>

4*2
43
-0.2z.

4-.3
3-ff

(2sec/1501b)

(lsec/lOOlb)

£>5
cO.2

(lsec/L501b)



Series 7 - C/C malfunction (Minimum speed&irfcuit fault). Actuate Resume In

Drive with a 65 mpn\signal. Apply brakes at specified pedal forces and time

delays. Allow aminimum of 3mjjatftes between stops for'brake cooling.
Repeat for a total of 2 PWDs'each.

a*\s3K^s

<dk -r

7

| (2sec/601b) | (2sec/601b) | (2sec/1001b)
Run Number | | |

Time to Stop (sec) | 1 l

Speed at Brake Applied | | 1

Distance after Applied | | 1

Total Distance Traveled 1 | |

| (2sec/1001b) | (2sec/1501b) | (2sec/1501b)
Run Number 1 | |

Time to Stop (sec) | 1 1

Speed at Brake Applied | | 1

Distance after Applied | 1 1

Total Distance Traveled 1 | |

| (lsec/601b) | (lsec/601b) | (lsec/lOOlb)
Run Number \ \ |

Time 'to Stop (sec) | | i

Speed at Brake Applied | 1 i

Distance after Applied | | i

Total Distance Traveled 1 | i

| (lsec/lOOlb) | (lsec/150lb) | (lsec/1501b)
Run Number | | .

Time to Stop (sec) | 1 •

Speed at Brake Applied | 1 i

Distance after Applied | 1 i

Total Distance Traveled 1 | .

E-92
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u &b7

Series 8-C/C malfunction -M^r ^ f^uuud ul c/c Zu^Jfti^
dump valve vacuum plugged. Determine minimum brake pedal force to prevent
vehicle movement after shifting to Drive. Apply brakes in Park and maintain
that level after shifting to Drive.

Brake Pedal Force I ZO\ /S |//(D ••?f | i
Stopped in Drive | y<^<, | y ^ | \ x/^ ,, K7<9 | |

O

N]/A ^leCtr°-SCatic Dischar*« Tests - iWy which piece of wiring harness goes
CW^ thS CrUiSe conCro1' Point^ajKi^h^t procedure to be used. Use 25 KV for

V^«^magnetiC l0°P and 10 5^ spark >to tests. Note results, especially
^vAt> if tests cause intermittent throttle opening.

E-93



VEHiaE RESEARCH & TEST CENTER

TEST VEHICLE RECCRO

a. description 1<5£&Q6?eiF«aT3l*fc
TESTMO? 78-Q/a^^Qate 2.Q DtScfeS Model Year; /^S
VIN; Make'̂ ^A.W/i^L ModeltS^yvD^V; ,\.-
Golo^;RtT<cyl•^Ae^ Mfo. Date; 1\ X&^- Odometer Reading;tftfl7^l

_Auto Trans.
• Pwr. Brakes

n^-Pwr. Steering

*--fluto Speed Control
tO/A Anti-Lock Brakes
.v^-Air Cond.

<£*<'•;

Brakes:
Drum

Disk

Rear

Tire 5ize;P2£5/3gRg /4 ^^P_ 4577
Cylinders; VcS CAWR(F) 2 57 fi
Total Displ.; 4. 1Lcawr(r) 19*3 ^
Fbeu l*re<motf'iTkjBLT. Wheelbase
crt&ute.To9.'.

B. CC?JOITICN AS RECEIVED

Vehicle History*. T2^vC><»-\

Gnr\tV «*tl*r* •

c. comments'.

E-94

ft

ft

ft

ft

ft

•ft

ft

ft
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TEST PROCEDURE FOR TSC TESTS .OILVEHICLE: I QT\\ \ \rL^l

Chart recorder for speed, acceleration, rpra, brake pedal force, cruise

control (c/c) vacuum, throttle position, and event versus time at 10 mm/sec.

Engine at normal operating temperature for all tests.

Series 1 - C/C off; Gas pedal floored after shifting to Drive. Go to 30 mph

and repeat twice for a total of 3 runs.
/ . -5 -a.

Run Number | S 1 • 3 , A
Time to 30 mph (sec) | 4.& j ^f | 4^T \4^
Total stance Traveled I 1*2.2 j A»^ | (O&J | /*&

Zft3jj Z>k u\

Series 2 - C/C off; Normal idle induced creep after shifting to Drive. Go

to 100 ft. Repeat twice for a total of 3 runs. ^

£ i <o i 7 ' Q-
Z8.S « JZ6.7 • /A V • /S.V
2.7 , ^>y i«f,4- . 4,3

Run Number 1

Time to 100 ft I

Final Speed |_

Series 3 - C/C malfunctions after shifting to Drive. Go to 30 mph and

repeat twice for a total of 3 runs. ^r>,0 ^fe^J ^<c\tf<-£
A) Direct short to ground oLc/c vacuumj>«rap add dlMp Valve".

Run Number
/

o£.c/c vacuum n*trapafld dlM6 VaTv

Time to 30 mph (sec) \ 4-.Q | *-'& |^-2. |•"?"
Total Distance Traveled I/«OA 8 | /O^2* |/<??./ L/^'

B) Minimum speed circuit fault (Actuate Resume in Drive with a 65 mph

signal). (Frequency @ ) -105

Run Number |

Time to 30 mph (sec) |

Total Distance Traveled |

Repeat B) with 130 Aph signal. ^QPteNquencyjg"' ) -210
Run Number L '^
Time to 30 mph (sec) |

Total Distance Traveled |

E-95
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Series 4 - C/C off; Gas pedal floored after shifting to Drive and until

vehicle stops. Apply brakes at specified pedal forces and time delays.

Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a

total of 2 runs each.

Run Number

Time to Stop "(sec)" ~

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

(2sec/601b)

±2>.
J2.2

32A

(2sec/1001b)

—far

35.5

(lsec/601b)

J^_
1.4

/3.&
23.7

(lsec/1001

Z3I24
AT//./

j i. ///03;

E-96

(2sec/601b)

14
2.-1

3/. 3

(2soc/1501b)

JdZ.
t.6

/£,3

(lsec/60] b)

172.

/2.& 12.1.
7D±

(lsec/1501b)

/8.Q

(2sec/1001b)

A 8
/5.3

24.2.

55,0

(2sec/1501b)

2S.O

55.9

(lsec/lOOlb)

2,2,
/.a

7.2.
JO. 3
/B.O

(lsec/1501b)

2,6
ho

9-3

l9oG
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Series 5 - C/C off; Gas pedal floored after shifting to Drive but release

throttle when brakes are applied at specified pedal forces and time delays.

Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a

total of 2 runs each.

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

(2sec/601b)

/•
/3.3
/9-7

54S

(2sec/1001b)

li'4 l/sn
/9./W.2J

33<£/5s.£
L.U. UT.

(lsec/6plb)

<3A.
o.s

(lsec/lOOlb)

3T£
/€>,,2.
8-1

/<?-5

E-97

(2sec/601b)

2&

5S.O

(2sec/1501b)

32.

/7*5
/7.7

52.. 2,

(lsec/601b)

W
IU4

2.4**2*

(lsec/150Lb)

3-/

(2sec/1001b)

2&
k2-

2&>'o

58.2.

(2sec/1501b)

TT2T

•i8.a
53.3

L,U.

(lsec/lOOlb)

/<£>.5

(lsec/1501b)

^32 40
o.<5
/Z.3

.23.7

//.I

2/.2
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Series 6 - C/C malfunction (Direct short to ground of c/c vacuum pump., and

dump uuIVe) after shifting to Drive. Apply brakes at specified pedal forces

and time delays. Allow a minimum of 3 minutes between stops for brake

cooling. Repeat for a total of 2 runs each.

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Travel.A

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled^

Run Number

Time' to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Travel erf

Eton Number.

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance TYnYftTfll

(2sec/601b)

US

2.12-8
39.7

(2sec/1001b)

44-
1.5

20-1
38.2

(lsec

Mm
J:ISf
(lsec/dOOlb

,53

•'•2
8.2

(2sec/601b)

42.

42.1

(2sec/1501b)

-AS

I3-2-
18-6
37.1

/(lsec/1501b)
3S
o.7
3-7
a-^3

ft7

0.7Wt

o)V

(2sec/1001b)

4?>
1.5

13.2.
20*0
375

(2sec/I501b)

3^.3

(laec/1501b)

7 3 *•* _

/^7 m^

E-98
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Series 7 - C/C malfunction (Minimum speed circuit fault). Actuate Resume in

Drive with a 65 mph signal. Apply brakes at specified pedal forces and time

delays. Allow a minimum of 3 minutes between stops for brake cooling.
Repeat for a total of 2 runs each. Crrcu.it XrxcfOrc^t i\;«.

Run Number

| (2sec/601b) | (2sec/601b) | (2sec/1001b)

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

| (2sec/1001b) | (2sec/1501b) | (2sec/1501b)

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

iQtaLDistance Traveled

Run Number

(lsec/601b) (lsec/601b) (lsec/lOOlb)

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled |

Run Number |
(lsec/lOOlb) | (lsec/1501b) | (lsec/1501b)

Time to Stop (sec) 1

Speed at Brake Applied |

Distance after Applied |
TOtfll Distance Traveled |

•i

E-99
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Series 8 -C/C malfunction -direct short to ground of c/c vacuumj*ctgp-brxtr>
Jump <m1vu VdCuuiu pluggwK. Determine minimum brake pedal force to prevent
vehicle movement after shifting to Drive. Apply brakes in Park and maintain
that level after shifting to Drive.

f^^

ft

Brake Pedal Force I ZO I V^V I 2.7* J2.6 j 2& ,2-4- I(g^
Stopped in Drive | AJo | AJo | Y<2.S |( y«SS / Y<2S ; AJo \ ^

^2x^^~ *~ ™** iVft-Kas *M\ikyv 5-te.pp^cTr ^
Electro-Static Discharge Tests -Identify which piece of wiring harness goes *
to the cruise control. Point-and-Shoot procedure to be used. Use 25 KV for
magnetic loop and 10 :KV for spark tip tests. Note results, especially
if tests cause intermittent throttle opening.

|fli\

^

^

E-100

ft



VEHiaE RESEARCH & TEST CENTER

TEST VEHICLE RECKO

A. DESCRIPTION

-IESTuq. 78-0/2.8 Pate .l^Xl-^y^Bfi Model Year:l3£3
VIN:..Mm7lil_,ry09747- Hata';frr«tf.«-'i Model; 30OZX
Color: V^lnVA-g. Mfg. Date: &/&3 Odometer Readingz.^a^flZ.

*

y-'Auto Trans. v^Auto Speed Control
ia^ Pwr. Br3kss .. Anti-Lock Brakes

•^"R.VM.PriV/e. ____Air Cond. __ .
t--Pwr. Steering _ OEtar; Men- luAfec : Aw«.(c«. Speedo ..

T» Brakes: Front Rear
[i "" Drum _____ _____
[. Disk ^ !>*-
I-

I ;

Tire Size:P2ls/ti>eR.isGVWR 358Q

Cylinders :______GAWR(F)J___Q

Total Displ.; ,Q>.OLGAWR(R) 1&6C

Focu Ir-J^Bcrid^.'̂ E£s. «heelbase_____)
C^RfxjriTofL; •

B. CONDITION AS RECEIVED

Vehicle History*. |__—*-<* +rotv\ Uocjcevje.

Cerr\A»*trv«y\ ; Qood

Ca CCNkWEMTS-

E-101
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TEST PROCEDURE FOR TSC TESTS VEHICLE: ^OQ f /\

Chart recorder for speed, acceleration, rpm, brake pedal force, cruise

control (c/c) vacuum, throttle position, and event versus time at 10 mm/sec.

Engine at normal operating temperature for all tests.

f^t

ft

ft

Series 1 - C/C off; Gas pedal floored after shifting to Drive. Go to 30 mph

a

Rvn Nvmbe

and repeat twice for a total of 3 runs.

1 I 2 i 3 l_4
Time to 30 mph (sec) | 3-»j ^Mj 4.2.| 4-*
Total Distance Traveled I ^ 5«7 I 96.0 I \Ol.8 t 103.<

3Lh 3h \>h

Series 2 - C/C off; Normal idle induced creep after shifting to Drive. Go

to 100 ft. Repeat twice for a total of 3 runs.

Run Number | 3 |. <6 \ 7 I &
Tims to 1QQ ft I I3.& I 1__Q | 17.3 | 17,4
Final Soeed j 6_I I 63 I 5.Q I 5.Q

Jh %_h oh on

^^

r^

^

Series 3 • C/C malfunctions after shifting to Drive. Go to 30 mph and

repeat twice for a total of 3 runs.

A) Direct short to ground of c/c vacuum pump and dump valve.

Run Nymber I 39 I 4Q I 4\ I 42,
Time, to 30 mph (sec) | 4.8 | 4.8 | 5.1 | 5-T
Total Distance Traveled I I1^-4 • | [l9»8„ I J32.3 |130»'

d»\ . dh on ol

B) Minimum speed circuit fault (Actuate Resume in Drive with a 65 mph ,-,

signal). (Frequency @ 4Q ) -105
Run Number | 45 I 44 I 41=) I 46
Time to 30 mph (sec) | 57 j 8*° | 7-7 | 7-C
Total Distance Traveled I l47»Q | 2Ql>5 I / 34.5 l!73 A>

_£uY\u^ 3

Repeat B) with 130 mph signal. (Frequency @ 4~1» ) -210
Run Number A7g45fci 4ft i 49 i RO I 51 i ff-3
Tim. c, 30 »ph (sac) | >°-?" | 7-0, 7.0, T.O, S.O , 7-
T„,„ „..f.a~ T««.i.d I 268.2 ,172.31 1-a.l, 171-412QI.2, life-

vh3h 3Ii dh Uh 31

E-102
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Series 4 - C/C off; Gas pedal floored after shifting to Drive and until

vehicle stops. Apply brakes at specified pedal forces and time delays.

Allow a minimum of 3 minutes between stops for brake cooling. Repeat for a

total of 2 runs each.

'(^.Mfi/fcOlb)
15 [ 16 Run Number

(2sec/601b)

9.
(2sec/601b)

IO

(.2sec/1001b)

11
2.5

15.1 '

6C.&

v

2.6
|6.l

35.8
63.1

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Hvmber

Time* to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trav»1»H

2.6

/6.8
36.9
66./

(2sec/1001b)

12.
Z.I

13.0
2&-7
49.4

(lsec/601b)

A 6
7.0

13.9
2Q.6

(lsec/lOOlb)

2Q\ 21
/.4, /.5

<b.R | 7.7
/2.2| /3.8
/ 8.9 \ 22.1

E-103

2.7
/7.2
38.7
68.7

(2sec/1501b)

/3
Z.l

14.9
2b.7

(lsec/601b)

IA
TT

/4-6
21.9

(lsec/1501b)

22,
T2T
7.6

12.4
2j0.<6

2.2
/3.7

29.4
54.8

(2sec/1501b)

IA.
2.2

l5.o
29.5
55.8

(lsec/lOOlb)

13.
1.7

17.9
29.1

(lsec/1501b)

23
1.3
7-2

ll.O
/8.3



30OZX

Series 5 -C/C off; Gas pedal floored after shifting to Drive but release
throttle wh.e/n brakes are applied at specified pedal forces and time delays.
Allow aminimum of 3minutes between stops for brake cooling. Repeat for a
total of 2 runs each.

ft

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trayp^d

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trav»1fH

Run Number

Time' to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trave^d

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

(2sec/601b)

2A_

14.9

41.0

(2sec/1001b)

27

146
12.5
39.1

(lsec/601b)

o.v
IO.I
75

76.6

(lsec/lOOlb)

34 i 35
0.61 0.6

j0«0| 5*7
6.7f 6*6

I7.5| f7.2

E-104

(2sec/601b)

Z5_
0.9

/5A
/3.6

42.3

(2sec/1501b)

23.
0.8

149
11.8

(lsec/601b)

__32_
on

/CO
6.8

/<b-9

(lsec/1501b)

36
0.6

9-8
5.9

15.8

(2sec/l001b)

2.6
afr

l5.o
12.2
39.1

ft

f*>

ft
(2sec/1501b)

29 i 30
0.8

15.1
11.8
37.2

0.8
15.1
I /.6^

384

I

(lsec/lOOlb)

33_
O.<o

8.2
6.6

16.1

f*"l

f**S

(lsec/1501b)

37 i 38
9-3 j a.8
6.2 , 5.6

/6.6 | 14.8
ft

ft
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Series 6 - C/C malfunction (Direct short to ground of c/c vacuum pump and

dump valve) after shifting to Drive. Apply brakes at specified pedal forces

and time delays. Allow a minimum of 3 minutes between stops for brake

cooling. Repeat for a total of 2 runs each.

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Number

Time' to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Travelfd

(2sec/601b)

5?»
3.0

12.5
35.o

(2sec/1001b)

52.
2-6

12.7
30.5

*

(lsec/60lb)

58

'•23.3
5.9

(lsec/lOOlb)

61
0.8
3.6
4.7

E-105

(2sec/601b)

54 | 55
2.5| 2.1

|2.3, |2.0
29-1,24.6
45.7| — *;

(2sec/1501b)

(lsec/601b)

C8
4-2
4-9

(lsec/1501b)

62.
0.8
4.7
4*6
8.Z

(2sec/1001b)

56
23o

J2.7
31-2

*

(2sec/1501b)

u-Kee,I Loci- i>.p

(lsec/lOOlb)

(Isec/I50lb)

63

08
4.6
4.5



300ZL>^

Series 7 - C/C malfunction (Minimum speed circuit fault)'.' Actuate Resume in
Drive with a 65 mph signal. Apply brakes at specified pedal forces and time
delays. Allow aminimum of 3minutes between stops for brake cooling.
Repeat for a total of 2runs each. 4-0 Hi

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trave^d

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Trayp^d

Run Numher

Time to Stop (sec)

Speed at Brake Applied

Distance after Applied

Total Distance Traveled

(2sec/601b)

64
orr
8.6
6.3

23.1

(2sec/1001b)

60.
on
9.o
6.4

25.1

(lsec/601b)

22_
OS

4-9
3.0
8.Q

(lsec/lOOlb)

OA
5.3
2.9
8.1

E-106

(2sec/601b)

^5.
0.8

IO-4
7.7

31.7

(2sec/1501b)

0.6
9.0

22.Q

(lsec/601b)

3LL

45
3-1
8-4

(lsec/1501b)

74
0.4
5.2
2.8
8-1

(2sec/1001b)

0.6
q.5
6.5

25.6

(2sec/1501b)

69
6J0
9.3
6.0

24.5

(lsec/lOOlb)

7?,

5.2

2.8
8.9

(lsec/150ll>)

IS
OA-
5.2.
2.7

8-4



Series 8-C/C malfunction -direct short to ground of c/c vacuum pump but
dump valve vacuum plugged. Determine minimum brake pedal force to prevent
vehicle movement after shifting to Drive. Apply brakes in Park and maintain
that level after shifting to Drive.

Brake Pedal Forcp |ZO |25
Stopped in Drive |/sJq |V—S

Electro-Static Discharge Tests -Identify which piece of wiring harness goes
to the cruise control. Point-and-Shoot procedure to be used. Use 25 KV for
magnetic loop and 10 KV for spark tip tests. Note results, especially
if tests cause intermittent throttle opening.

M°^™=.+ic. Uop @25Kv £ 20kv spoork 4*
S-V^o 4-twodole «orea.s\ Klo enre&V on -HvrotHe
or e.Y\oivve 6pe.e-.dl.

E-107
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APPENDIX F

Bench Test Procedures

For Cruise Controls and Sample Output



Background It has frequently been alleged that Sudden Acceleration results from
mysterious intermittent defects of the electronic engine controls in
certain vehicles which are somehow undetectable upon testing after an
incident. Although the preponderance of evidence suggests that pedal
misapplications are responsible for virtually all SA incidents where a
defect can not be found after the fact, TSC nonetheless agreed to
conduct long-duration tests of selected cruise controls to determine
whether any of them might exhibit an occasional throttle-opening
malfunction.

Intermittent malfunctions in electronic devices are generally much more
difficult to diagnose than steady-state failures. (The latter are also
referred to as "hard" or repeatable failures.) The difficulty in diagnoses
is inversely proportional to the frequency of occurrence of the
malfunction.

When service engineers must respond to end-user complaints of rarely
occurring intermittents, they frequently invoke one or more techniques
designed to increase the frequency of occurrence of an intermittent
condition. Among these are:

1. Temperature variations, especially transitions between the
maximum and minimum temperature design limits of the
device in question;

2. Variations inpower supply voltages;

3. Shock and vibration;

4. Exposure of the device under test to electro-magnetic
interference (EMI) ofa nature that might possibly begenerated
by other devices in the same system, e.g., other parts, possibly
defective parts, ofa car's electrical system;

5. Exposure to radio-frequency interference (RFI) of such
strength and frequency as might possibly be encountered
arising from some external source.

Sudden acceleration is an extreme case of a rarely occurring
phenomenon. In most case reports there is but a single incident over
the lifetime ofa given vehicle. Therefore, it is appropriate to use every
possible means of amplifying the probability of occurrence of incidents.

Objectives In light of the considerations discussed above, the objective of this
testing became simply to determine whether long-term testing of cruise
controls could show any evidence of intermittent malfunctions leading
to throttle opening. Extremes of temperature, supplyvoltage variation

F-2



Procedures

u

and exposure to EMI/RFI would all be employed in an attempt to
induce these failures.

Since most SA incidents occur at the moment a vehicle is shifted into
gear from "Park," it is appropriate that the testing concentrate on
simulating the conditions that the cruise control would experience at
that moment. Indeed the majority of failures in all kinds of electronic
equipment occur at the moment power is applied or within a few
seconds afterward. Therefore the testing should incorporate a large
number of power on-off cycles, preferably exceeding the number
experienced by the average vehicle over it's lifetime. Other electrical
transients, such as the spike from the air-conditioner clutch, should also
be presented for large numbers of trials.

The large numbers of trials over an extended period of time
necessitated the use of fully automated, computer-controlled test
procedures. These facilitated the second objective, which was to
documentthe statusof all variables at the instantof any malfunction and
to preserve oscillographic records of the incident.

To explore the possibilities for automated testing of cruise controls, a
minimal test jig was constructed first. This device included the vacuum
servo and switches for all inputs, but did not operate in closed-loop
mode, i.e. the speed input to the cruise control was driven from an
external pulse generator and was uncorrected with the action of the
vacuum servo.

Preliminary experiments with this test jig placed inside an
environmental chamber showed thatoperation at temperature extremes
and power supply variations should present no problems, but that strong
RFI sources would cause momentary disturbances of the sort depicted
in Figure 3.1.2-2.

The surplus environmental chamberused for this work was modified to
operate under remote control by computer. Unfortunately, itwas found
to be too small to install a shaker table for controlled vibration studies.
However, an unbalanced fan in the chamber provided a substantial
amount of natural vibration.

The fully automated system, including the following features, was then
designed.

1. Closed-loop operation of the cruise-control as a system using a
linear-potentiometer attached to the vacuum servo and a
voltage-to-frequency converter as the feedback element. A
3.3-second time constant in the converter approximated the lag
in speed to changes in throttle position ofa real vehicle;

F-3



2. Recording and/or control of all inputs and outputs to the cruise
control using the "Labtech Notebook" data acquisition system
running on an XT-type personal computer. This software was
set up to generate continuous screen displays of inputs and
outputs (see example in Figure E-4) as well as a tabular data
file;

3. Recording of any anomalous outputs from the cruise control
using apersonal-computer-based digital-memory oscilloscope;

4. Computerized control of temperature cycling between the
upper and lower extremes.

Figure F-l is aphotograph ofthe complete test system, while Figure F-2
I is acloseup of the test-jig only.
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Figure F-1: Overall view of the cruise-control test apparatus. The major
components include a carbon-dioxide-chilled environmental chamber
capable of producing temperatures from -80 to +200 degrees Fahrenheit,
power supplies for the device under test and for the test-jig electronics, the
test jig itself, two personal computers (one for the data acquisition system on
the right, the other serving as a digital memory oscilloscope on the left), an
Audi air-conditioner compressor (whose clutch assembly generates a
realistic EMI spike) located beneath the bench and out of view and a CB
transmitter (which serves as a realistic source of RFI).
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Figure F-2: Close-up view of the cruise-control test jig. The vacuum pump is at
the upper left, with the servo just below it. The oblong box at right center is
the linear potentiometer which measures the amount of throttle opening. The
relays controlling the various test conditions, voltage-to-frequency converter,
and input/output connections appear in the lower part of the photo. Also
visible is the CB transmitter at the top.

F-6
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A high-voltage discharge device was considered as a source for
EMI/RFI. In numerous manual tests it was able to cause brief
disruptions of cruise-control operation such as shown in Figure 3.1.2-2,
but not able to cause sustained throttle openings which could cause an
SAI. Unfortunately, it invariably caused malfunctions in the data
acquisition system and thus could not be used in the automated testing.

A typical test series was carried out as follows:

1. The cruise control under test was installed inside the
environmental chamber and attached to the test jig. The
antenna for the RFI source and a temperature probe fastened
to the case of the cruise control were the only other objects
inside the chamber.

2. At least one day of testing was conducted at supplyvoltages of
10, 12, 14 and 16 volts. A two-ohm resistor was inserted to
simulate a faulty connection during a portion of each test day.
On weekends or holidays, tests were permitted to run longer.

3. The basic test sequence consisted of forty steps with the input
conditions varied as shown in Table F-l. The test was executed
at one step per second.

4. Temperature was raised or lowered in alternate periods. Thus
each temperature cycle consisted of a 54-minute baking at 150
degrees F(81 executions of the basic test sequence) followed by
a six-minute freezing at 0 degrees F. (nine passes through the
basic test sequence).

5. A 50-pound cylinder of CO2 provided sufficient refrigeration
for approximately six freezing cycles down to zero degrees
Fahrenheit. For the remainder of each day's testing, the
chamber remained in the 140-150 degree range. About 22
hours of total running time was accumulated each day.

Under these procedures, each unit was exposed to a large number of
temperature cycles more extreme than any encountered on Earth. Each
controller was exposed to at least 10,000 passes through the basic test
sequence. Power was switched on and off at least 10,000 times, "set"
and "resume" were engaged at least 60,000 times, and bursts of RFI and
EMI were applied at least 120,000 times. Although statistics on the use
of cruise controls were unavailable, it seems safe to assume that the
number of actuations employed in this testing substantially exceeded
those that would be experienced over the lifetime of a normal vehicle.
For example, ifacruise-control unit were used twice aday every day for
tenyears, the total number ofon-off cycles would be7,300.
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Table F-1: Basic 40-second test sequence. Agiven condition is "on" when a "1"
appears in its column, and "off' when a "0" occurs. The binary number
formed by these ones and zeros is translated into Its decimal value in the last
column, "Condition Code," which also appears in Table F-1.

Time
(sec)

Resume Set Power RFI EMI Cond
Code

1 0 0 1 0 0 4

2 0 0 1 0 0 4

3 0 1 1 0 0 12

4 1 0 1 0 0 20

5 0 1 1 0 0 12

6 1 0 1 0 0 20

7 0 1 1 0 0 12

8 1 0 1 0 0 20

9 0 1 1 0 0 12

10 1 0 1 0 0 20

11 0 1 11 0 0 12

12 1 0 1 0 0 20

13 0 0 1 0 1 5

14 0 0 1 1 0 6

15 0 0 1 0 1 5

16 0 0 1 1 0 6

17 0 0 1 0 1 5

18 0 0 1 1 0 6

19 0 0 1 0 1 5

20 0 0 1 1 0 6

21 0 0 1 0 1 5

22 0 0 1 1 0 6

23 0 1 1 0 1 13

24 0 1 1 1 0 14

25 0 1 1 0 1 13
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Table F-1: (cont.)

Time
(sec)

Resume Set Power RFI EMI Cond

Code

26 0 1 0 14

27 0 0 1 13

28 0 1 0 14

29 0 0 1 13

30 0 1 0 14

31 0 0 1 13

32 0 1 0 14

33 0 0 1 21

34 0 1 0 22

35 0 0 1 21

36 0 1 0 22

37 0 1 • 0 1 21

38 0 1 0 22

39 0 0 0 0 0 0

40 0 0 0 0 0 0
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Results

An alarm feature in the "Labtech Notebook" software generated a
special file marker if a throttle opening of more than 0.25 inches
occurred (WOT is 1.6 inches). Data would be saved if this marker ever
appeared, but otherwise itwas discarded at the end ofeach temperature
half-cycle.

Two of the units tested were removed from Audi 5000's whose owners
hadcomplained of SA incidents, while twoothers werenewandunused.

None of the units exhibited any malfunctions that would result in
throttle opening during the tests described above. Table F-2 shows the
printout from one six-minute chilling. In this run, the vacuum servo was
deliberately pushed in by hand a few seconds after the start in order to
trigger the data saving process and also to provide this example for
illustration of the methodology. The remainder of the run was normal.
Figure F-3 shows the "Labtech Notebook" screen display just after the
incident, while Figure F-4 shows the same incident as recorded by the
digital memory oscilloscope.

In the course of testing, some of the cruise controls were damaged so
that they would no longer function at all. One unit intermittently
"forgot" the set speed when exposed to strong RFI fields. However,
therewas neverany.indication whatsoever of anunsafe failure mode.

The strong EMI/RFI fields and/or vibration caused malfunction in the
temperature controller for the environmental chamber on two
occasions, leading to the destruction of cruise controls by melting or
incineration of their plastic parts.
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Table F-2: Sample of one six-minute chilling cycle. A deliberate anomaly was
introduced at the beginning of the test by pushing the vacuum-servo in by
hand in order to trigger data saving and thereby illustrate the methodology.
Although the throttle-position change began at time zero, the cruise control
did not actually engage until the first sustained "Set" command occurred at
23 seconds. Operation of the vacuum pump also triggered the digital
memory oscilloscope producing the record ofthe event shown in Figure F-4.
The vent released at 26 seconds, allowing vacuum to dissipate. At 33
seconds, the throttle had returned to itsclosed position. The remainder of the
run shows no anomalies.

Note that there is considerable variability in the temperature readings. This is
an artifact caused by the coupling of switching transients from the EMI
source into the temperature measurement instrumentation. The temperature
readings taken at the beginning of each cycle ("condition code" = "4") are
valid since notransients occur in this portion ofthe cycle.

"CRUISE CONTROL TEST DATA"
'The time is 10:14:21.26."
The date is 12-21-1988."

TIME

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

11.00

12.00

TST
CODES

TEMP
DEGF

SUPPLY SCOPE THR PUMP VENT SPEED
VOLTS TRIG INCHES VOLTS VOLTS MPH

4

4

12

20

12

20

12

20

12

20

12

20

5

146

146

146

146

146

146

146

146

142

142

142

142

137

16.03

16.03

16.03

16.03

16.03

16.03

16.03

16.03

16.03

16.03

16.03

16.03

16.03

0

0

0

0

0

0

0

0

0

0

0

0

0
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0.05

0.54

0.61

1.12

0.99

0.93

0.90

0.87

0.85

0.83

0.80

0.76

0.74

15.98

15.98

15.98

15.99

15.98

15.98

15.98

16.00

15.98

15.98

15.98

15.98

15.98

15.18

15.18

15.18

15.18

15.19

15.18

15.18

15.20

15.18

15.18

15.18

15.18

15.18

0

5

13

23

38

47

52

57

58

60

61

60

60



TIME TST
CODES

TEMP
DEGF

SUPPLY
VOLTS

SCOPE
TRIG

THR
INCHES

PUMP
VOLTS

VENT SP
VOLTS MP

13.00 6 142 15.96 0 0.73 15.91 15.11 58

14.00 5 166 16.09 0 0.72 16.01 15.24 58

15.00 6 137 15.91 0 0.68 15.91 15.11 57

16.00 5 161 16.09 0 0.68 16.01 15.23 56

17.00 6 137 15.96 0 0.67 15.91 15.11 54

18.00 5 166 16.10 0 0.67 16.00 15.23 53

19.00 6 137 15.96 0 0.65 15.91 15.10 53

20.00 5 156 16.08 0 0.65 16.00 15.24 52

21.00 6 142 15.96 0 0.64 15.91 15.12 50
22.00 13 166 16.09 0 0.64 16.01 15.23 51

23.00 14 142 15.96 0.95 10.62 0.22 50

24.00 13 171 16.08 0.88 15.98 0.29 54

25.00 14 137 15.96 1.01 15.90 0.21 57

26.00 13 137 16.03 0.86 15.98 15.18 61

27.00 14 137 15.96 0.28 15.91 15.10 61

28.00 13 166 16.08 0.69 16.01 15.21 55
29.00 14 132 15.96 0.59 15.91 15.10 53

30.00 13 166 16.11 0.52 16.02 15.22 51

31.00 14 132 15.96 0.11 15.91 15.11 47
32.00 21 181 16.13 0.07 16.04 15.24 39
33.00 22 132 15.96 0.03 15.91 15.11 29
34.00 21 171 16.10 1 0.04 16.04 15.25 22
35.00 22 132 15.96 1 0.03 15.91 15.11 17
36.00 21 176 16.11 1 0.04 16.04 15.26 14
37.00 22 137 15.96 1 0.03 15.91 15.11 10
38.00 0 181 16.11 i 0.04 16.04 15.25 9
39.00 0 132 16.03 i 0.03 15.99 15.18 7
40.00 4 132 16.03 1 0.03 15.99 15.18 . 5
41.00 4 132 16.03 1 0.03 15.98 15.18 5
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TIME TST
CODES

TEMP
DEGF

SUPPLY SCOPE THR
VOLTS TRIG INCHES

PUMP
VOLTS

VENT
VOLTS

SPI
MP

42.00 12 127 16.04 1 0.03 15.98 15.18 4

43.00 20 156 16.03 1 0.03 15.99 15.18 4

44.00 12 127 16.03 1 0.02 15.99 15.18 3

45.00 20 127 16.03 1 0.02 15.98 15.18 3

46.00 12 127 16.03 1 0.02 15.98 15.18 3

47.00 20 127 16.03 1 0.02 15.98 15.18 2

48.00 12 127 16.03 1 0.02 15.98 15.18 3

49.00 20 127 16.03 1 0.02 15.98 15.18 2

50.00 12 127 16.03 1 0.02 15.98 15.18 2

51.00 20 127 16.04 1 0.02 15.98 15.18 2

52.00 5 137 16.03 1 0.02 15.99 15.18 2

53.00 6 127 15.96 1 0.02 15.91 15.11 2

54.00 5 170 16.15 1 0.03 16.04 15.28 2

55.00 . 6 • 142 15.96 11 0.02 15.91 15.11 2

56.00 5 171 16.15 1 0.03 16.04 15.27 2

57.00 6 137 15.96 1 0.02 15.91 15.12 2

58.00 5 171 16.16 1 0.03 16.05 15.27 2

59.00 6 137 15.96 1 0.02 15.91 15.11 2

60.00 5 170 16.16 1 0.04 16.06 15.30 2

61.00 6 132 15.96 1 0.02 15.91 15.11 2

62.00 13 156 16.14 1 0.04 16.06 15.28 2

63.00 14 137 15.96 1 0.02 15.91 15.11 2

64.00 13 161 16.15 0 0.03 16.06 15.28 2

65.00 14 122 15.96 1 0.02 15.91 15.11 2

66.00 13 156 16.15 1 0.03 16.05 15.26 3

67.00 14 122 15.96 1 0.02 15.91 15.12 2

68.00 13 156 16.17 1 0.04 16.06 15.25 2

69.00 14 122 15.93 1 0.02 15.91 15.12 2

70.00 13 156 16.14 1 0.04 16.06 15.28 2
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TIME TST
CODES

TEMP
DEGF

SUPPLY SCOPE THR
VOLTS TRIG INCHES

PUMP
VOLTS

VENT
VOLTS

SPI
MP

71.00 14 117 15.96 1 0.02 15.91 15.11 2

72.00 21 146 16.16 1 0.04 16.07 15.27 3

73.00 22 117 15.96 1 0.02 15.91 15.11 2

74.00 21 146 16.11 1 0.04 16.04 15.27 3

75.00 22 117 15.96 1 0.02 15.91 15.11 2

76.00 21 146 16.11 1 0.03 16.04 15.25 2

77.00 22 117 15.97 1 0.02 15.91 15.11 2

78.00 0 150 16.11 1 0.03 16.04 15.26 2

79.00 0 117 16.03 1 0.02 15.99 15.19 2

80.00 4 112 16.03 1 0.02 15.99 15.18 2

81.00 4 112 16.03 1 0.02 15.99 15.19 1

82.00 12 117 16.03 1 0.02 15.98 15.18 2

83.00 20 117 16.03 1 0.02 15.99 15.18 2

84.00 12 117 16.03 1 0.02 15.99 15.18 2

85.00 20 117 16.00 1 0.02 15.98 15.18 1

86.00 12 117 16.03 1 0.02 15.98 15.19 2

87.00 20 117 16.03 1 0.02 15.98 15.18 2

88.00 12 117 16.03 1 0.02 15.98 15.19 1

89.00 20 117 16.03 11 0.02 15.99 15.18 2

90.00 12 117 16.04 11 0.02 15.98 15.18 1

91.00 20 117 16.03 1 0.02 15.99 15.18 2

92.00 5 117 16.03 1 0.02 15.98 15.18 1

93.00 6 117 15.96 1 0.02 15.91 15.12 2

94.00 5 137 16.16 1 0.03 16.05 15.30 2

95.00 6 112 15.96 1 0.02 15.91 15.12 1

96.00 5 137 16.03 1 0.02 15.99 15.18 2

97.00 6 107 15.96 1 0.02 15.91 15.11 1

98.00 5 127 16.16 1 0.03 16.04 15.28 2

99.00 6 107 15.96 1 6.02 15.91 15.11 1
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TIME TST
CODES

TEMP
DEGF

SUPPLY SCOPE THR
VOLTS TRIG INCHES

PUMP
VOLTS

VENT
VOLTS

SP
MP

100.00 5 127 16.13 1 0.03 16.05 15.27 3

101.00 6 107 15.96 1 0.02 15.91 15.11 1

102.00 13 127 16.16 1 0.03 16.05 15.27 3

103.00 14 107 15.96 1 0.02 15.91 15.11 1

104.00 13 122 16.15 1 0.03 16.04 15.26 2

105.00 14 103 15.96 1 0.02 15.91 15.12 1

106.00 13 117 16.14 1 0.03 16.06 15.27 4

107.00 14 103 15.95 1 0.02 15.91 15.12 1

108.00 13 117 16.15 1 0.03 16.06 15.25 2

109.00 14 103 15.96 1 0.02 15.91 15.11 1

110.00 13 117 16.14 1 0.03 16.04 15.27 2

111.00 14 103 15.96 1 0.02 15.91 15.11 1

112.00 21 103 iai6 11 0.03 16.07 15.27 3

113.00 22 103 15.96 11 0.02 • 15.91 15.11 1

114.00 21 137 16.13 1 0.03 16.04 15.26 3

115.00 22 98 15.96 1 0.02 15.91 15.12 1

116.00 21 127 16.11 1 0.03 16.04 15.26 3

117.00 22 98 15.96 1 0.02 15.91 15.12 1

118.00 0 127 16.11 1 0.03 16.04 15.27 2

119.00 0 98 16.03 1 0.02 15.98 15.19 1

120.00 4 98 16.03 1 0.02 15.99 15.19 1

121.00 4 98 16.04 1 0.02 15.98 15.16 2

122.00 12 98 16.03 1 0.02 15.99 15.19 1

123.00 20 98 16.03 1 0.02 15.99 15.18 2

124.00 12 98 16.03 1 0.02 15.98 15.19 1

125.00 20 98 16.03 1 0.02 15.98 15.18 2

126.00 12 98 16.03 1 0.02 15.98 15.19 1

127.00 20 93 16.03 1 0.02 15.99 15.18 2

128.00 12 98 16.03 1 0.02 15.98 15.18 1
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TIME TST TEMP SUPPLY SCOPE THR PUMP VENT SPEED
CODES DEGF VOLTS TRIG INCHES VOLTS VOLTS MPH

129.00

130.00

131.00

132.00

133.00

134.00

135.00

136.00

137.00

138.00

139.00

140.00

141.00

142.00

143.00

144.00

145.00

146.00

147.00

148.00

149.00

150.00

151.00

152.00

153.00

154.00

155.00

156.00

157.00

20

12

20

5

6

5

6

5

6

5

6

5

6

13

14

13

14

13

14

13

14

13

14

21

22

21

22

21

22

93

93

93

98

93

127

93

137

88

132

88

132

88

127

88

107

88

127

88

122

83

122

83

122

83

122

83

117

88

16.03

16.03

16.03

16.03

15.94

16.16

15.96

16.15

15.96

16.03

15.96

16.17

15.97

16.17

15.96

16.15

15.96

16.14

15.96

16.16

15.96

16.16

15.96

16.15

15.97

16.11

15.96

16.10

15.96
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0.02

0.02

0.02

0.02

0.02

0.03

0.02

0.03

0.02

0.02

0.02

0.03

0.02

0.03

0.02

0.03

0.02

0.03

0.02

0.03

0.02

0.03

0.02

0.03

0.02

0.03

0.02

0.03

0.02

15.98

15.98

15.98

15.99

15.91

16.06

15.91

16.04

15.91

15.99

15.91

16.06

15.91

16.04

15.91

16.05

15.91

16.06

15.91

16.05

15.91

16.05

15.91

16.06

15.91

16.04

15.91

16.04

15.91

15.19

15.18

15.19

15.18

15.11

15.30

15.11

15.29

15.11

15.19

15.11

15.28

15.12

15.28

15.12

15.26

15.11

15.26

15.11

15.28

15.11

15.27

15.12

15.28

15.12

15.26

15.12

15.26

15.11

2

1

2

1

2

1

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1



TIME TST
CODES

TEMP
DEGF

SUPPLY SCOPE THR
VOLTS TRIG INCHES

PUMP
VOLTS

VENT
VOLTS

SPI
MP

158.00 0 127 16.12 1 0.03 16.04 15.27 2

159.00 0 83 16.03 1 0.02 15.98 15.18 1

160.00 4 78 16.03 1 0.02 15.99 15.20 2

161.00 4 78 16.03 1 0.02 15.99 15.18 1

162.00 12 78 16.03 1 0.02 15.99 15.19 2

163.00 20 78 16.03 1 0.02 15.99 15.19 1

164.00 12 78 16.03 1 0.02 15.99 15.18 2

165.00 20 78 16.03 1 0.02 15.99 15.19 1

166.00 12 78 16.03 1 0.02 15.99 15.19 2

167.00 20 78 16.03 1 0.02 15.98 15.19 1

168.00 12 73 16.03 1 0.02 15.99 15.18 2

169.00 20 78 16.03 1 0.02 15.99 15.18 1

170.00 12 73 16.03 1 0.02 15.99 15.19 2

171.00 20 73 16.03 11 0.02 15.96 15.18 1

172.00 5 73 16.03 1 0.02 15.98 15.19 2

173.00 6 73 15.96 1 0.02 15.83 15.12 1

174.00 5 122 16.14 1 0.03 16.05 15.28 2

175.00 6 • 73 15.96 1 0.02 15.92 15.12 2

176.00 5 117 16.15 1 0.03 16.05 15.27 * 2

177.00 6 73 15.96 1 0.02 15.91 15.12 1

178.00 5 117 16.15 1 0.03 16.04 15.27 1

179.00 6 73 15.96 1 0.02 15.91 15.12 2

180.00 5 107 16.14 1 0.03 16.05 15.28 3

181.00 6 73 15.96 1 0.02 15.91 15.12 1

182.00 13 107 16.14 1 0.03 16.04 15.26 2

183.00 14 73 15.96 1 0.02 15.91 15.12 2

184.00 13 117 16.14 1 0.03 16.05 15.27 2

185.00 14 73 15.96 1 0.02 15.91 15.12 1

186.00 13 107 16.13 1 0.03 16.05 15.26 1
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TIME TST
CODES

TEMP
DEGF

SUPPLY SCOPE THR
VOLTS TRIG INCHES

PUMP
VOLTS

VENT
VOLTS

SPI
MP

187.00 14 68 15.97 1 0.02 15.92 15.12 2

188.00 13 103 16.13 1 0.03 16.06 15.27 2

189.00 14 68 15.96 1 0.02 15.91 15.12 1

190.00 13 103 16.14 1 0.03 16.04 15.26 1

191.00 14 68 15.96 1 0.02 15.91 15.12 2

192.00 21 103 16.16 1 0.03 16.05 15.27 2

193.00 22 73 15.96 1 0.02 15.91 15.11 1

194.00 21 107 16.10 1 0.03 16.04 15.26 1

195.00 22 68 15.96 1 0.02 15.91 15.12 2

196.00 21 103 16.03 1 0.02 15.99 15.19 2

197.00 22 68 15.96 1 0.02 15.90 15.12 1

198.00 0 107 16.10 1 0.03 16.04 15.24 1

199.00 0 63 16.03 1 0.02 15.98 15.19 2

200.00 4 63 16.03 1 0.02 15.98 15.19 1

201.00 4 63 16.04 1 0.02 15.98 15.19 2

202.00 12 63 16.03 1 0.02 15.98 15.19 1

203.00 20 63 16.03 11 0.02 15.98 15.18 2

204.00 12 63 16.03 1 0.02 15.98 15.19 1

205.00 20 63 16.03 1 0.02 15.98' 15.19 2

206.00 12 63 16.03 1 0.02 15.98 15.19 1

207.00 20 63 16.03 1 0.02 15.98 15.19 2

208.00 12 63 16.03 1 0.02 15.98 15.19 1

209.00 20 63 16.03 1 0.02 15.98 15.19 2

210.00 12 68 16.03 1 0.02 15.98 15.19 1

211.00 20 63 16.03 1 0.02 15.98 15.19 2

212.00 5 68 16.03 1 0.02 15.92 15.19 1

213.00 6 63 15.96 1 0.02 15.91 15.12 1

214.00 5 98 16.15 1 0.03 16.04 15.29 2

215.00" 6 59 15.96 1 0.02 15.91 15.12 1
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TIME TST
CODES

TEMP
DEGF

SUPPLY SCOPE THR
VOLTS TRIG INCHES

PUMP
VOLTS

VENT
VOLTS

SPI
MP

216.00 5 93 16.03 1 0.02 15.98 15.19 2

217.00 6 59 15.96 1 0.02 15.91 15.12 1

218.00 5 98 16.16 1 0.03 16.04 15.32 2

219.00 6 59 15.96 1 0.02 15.91 15.12 1

220.00 5 93 16.15 1 0.03 16.04 15.29 2

221.00 6 63 15.96 1 0.02 15.91 15.12 1

222.00 13 78 16.16 1 0.03 16.04 15.26 2

223.00 14 54 15.96 1 0.02 15.91 15.12 1

224.00 13 93 16.13 1 0.03 16.04 15.27 2

225.00 14 59 15.96 1 0.02 15.91 15.12 1

226.00 13 88 16.12 1 0.03 16.04 15.26 2

227.00 14 54 15.96 11 0.02 15.91 15.12 1

228.00 13 93 16.14 1 0.03 16.04 15.27 2

229.00 14 . 54 15.96 1 0.02 15.91 15.12 1

230.00 13 98 16.13 1 0.03 16.05 15.27 2

231.00 14 59 15.96 1 0.02 15.91 15.11 1 ,

232.00 21 88 16.15 - 1 0.03 16.04 15.27 2

233.00 22 54 15.96 1 0.02 15.91 15.12 1

234.00 21 88 16.08 1 0.03 16.03 15.26 2

235.00 22 49 15.95 1 0.02 15.91 15.13 1

236.00 21 83 16.11 1 0.03 16.04 15.27 2

237.00 22 49 15.97 1 0.02 15.91 15.12 1

238.00 0 78 16.11 1 0.03 16.04 15.27 2

239.00 0 49 16.03 1 0.02 15.98 15.19 1

240.00 4 49 16.03 1 0.02 15.98 15.20 2

241.00 4 49 16.03 1 0.02 15.98 15.19 1

242.00 12 49 16.03 1 0.01 15.98 15.19 1

243.00 20 49 16.03 1 0.02 15.98 15.19 2

244.00 12 49 16.03 1 0.02 15.98 15.17 1
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TIME TST
CODES

TEMP
DEGF

SUPPLY SCOPE THR
VOLTS TRIG INCHES

PUMP
VOLTS

VENT
VOLTS

SPI
MP

245.00 20 44 16.03 1 0.02 15.98 15.19 2

246.00 12 44 16.03 1 0.02 15.98 15.19 1

247.00 20 44 16.03 1 0.02 15.98 15.20 1

248.00 12 44 16.03 1 0.02 15.98 15.19 2

249.00 20 44 16.03 1 0.02 15.98 15.19 1

250.00 12 44 16.03 1 0.02 15.98 15.20 1

251.00 20 44 16.03 1 0.02 15.98 15.19 2

252.00 5 49 16.03 1 0.02 15.98 15.20 1

253.00 6 44 15.96 1 0.02 15.91 15.12 1

254.00 5 78 16.16 1 0.03 16.04 15.28 2

255.00 6 44 15.96 1 0.02 15.91 15.13 1

256.00 5 83 16.03 1 0.02 15.98 15.19 2

257.00 6 44 15.96 1 0.02 15.91 15.13 1

258.00 5 88 16.15 1 0.03 16.05 15.28 2

259.00 6 49 15.96 1 0.02 15.91 15.12 1

260.00 5 83 16.15 1 0.03 16.05 .15.29 2

261.00 6 44- 15.96 1 0.02 15.91 15.13 1

262.00 13 78 16.16 1 0.03 16.05 15.29 2

263.00 14 39 15.96 1 0.02 15.91 15.12 1

264.00 13 73 16.14 1 0.03 16.05 15.29 2

265.00 14 44 15.96 1 0.02 15.91 15.12 1

266.00 13 78 16.12 11 0.03 16.05 15.26 2

267.00 14 39 15.96 1 0.02 15.91 15.13 1

268.00 13 73 16.15 1 0.03 16.06 15.26 2

269.00 14 39 15.96 1 0.02 15.91 15.13 1

270.00 13 78 16.14 1 0.03 16.04 15.26 2

271.00 14 39 15.96 1 0.02 15.91 15.12 1

272.00 21 68 16.13 1 0.03 16.05 15.27 2

273.00 22 39 15.96 1 0.02 15.91 15.12 1
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TIME TST
CODES

TEMP
DEGF

SUPPLY SCOPE THR
VOLTS TRIG INCHES

PUMP
VOLTS

VENT
VOLTS

SPI
MP

274.00 21 73 16.11 1 0.03 16.04 15.28 2

275.00 22 44 15.96 1 0.02 15.91 15.12 1

276.00 21 63 16.03 1 0.02 15.98 15.20 2

277.00 22 39 15.96 1 0.02 15.91 15.12 1

278.00 0 73 16.11 1 0.03 16.04 15.28 ' 2

279.00 0 34 16.03 1 0.02 15.98 15.20 1

280.00 4 34 16.03 1 0.02 15.98 15.19 2

281.00 4 34 16.03 1 0.02 15.98 15.19 1

282.00 12 34 16.03 1 0.02 15.98 15.19 1

283.00 20 34 16.03 1 0.02 15.98 15.19 2

284.00 12 34 16.03 1 0.02 15.98 15.19 1

285.00 20 34 16.03 1 0.02 15.98 15.19 1

286.00 12 29 16.03 1 0.02 15.98 15.20 2

287.00 20 34 16.03 1 0.02 15.98 15.19 1

288.00 12 29 16.03 1 0.02 15.98 15.19 2

289.00 20 29 16.03 1 0.02 15.98 15.19 1

290.00 12 29 16.03 1 0.02 15.98 15.19 1

291.00 20 29 16.03 1 0.02 15.98 15.19 2

292.00 5 34 16.03 1 0.02 15.98 15.19 1

293.00 6 29 15.96 1 0.02 15.91 15.12 1

294.00 5 68 16.16 11 0.03 16.06 15.28 2

295.00 6 29 15.96 11 0.02 15.91 15.10 1

296.00 5 73 16.14 11 0.03 16.04 15.30 2

297.00 6 29 15.96 1 0.02 15.90 15.12 1

298.00 5 68 16.16 1 0.03 16.05 15.29 2

299.00 6 24 15.96 1 0.02 15.91 15.12 1

300.00 5 59 16.13 1 0.03 16.04 15.27 2

301.00 6 24 15.96 1 0.02 15.91 15.12 1

| 302.00 13 63 16.14 1 0.03 16.04 15.26 2
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TIME TST
CODES

TEMP
DEGF

SUPPLY SCOPE THR
VOLTS TRIG INCHES

PUMP
VOLTS

VENT
VOLTS

SP
MP

303.00 14 24 15.96 1 0.02 15.91 15.12 1

304.00 13 63 16.11 1 0.03 16.05 15.27 2

305.00 14 24 15.96 1 0.02 15.91 15.12 1

306.00 13 58 16.13 1 0.03 16.05 15.25 2

307.00 14 24 15.96 1 0.02 15.91 15.12 1

308.00 13 54 16.15 1 0.03 16.02 15.27 2

309.00 14 24 15.96 1 0.02 15.91 15.12 1

310.00 13 49 16.17 1 0.03 16.05 15.29 2

311.00 14 20 15.96 1 0.02 15.91 15.12 1

312.00 21 44 16.15 1 0.03 16.05 15.26 2

313.00 22 24 15.96 1 0.02 15.91 15.12 1

314.00 21 49 16.10 1 0.03 16.04 15.25 2

315.00 22 20 15.96 1 0.02 15.91 15.12 1

316.00 21 44 16.10 11 0.03 16.04 15.25 2

317.00 22 20 15.96 1 0.02 15.91 15.13 1

318.00 0 39 16.13 1 0.03 16.04 15.25 2

319.00 0 20 16.03 1 0.02 15.98 15.19 1

320.00 4 20 16.03 1 0.02 15.98 15.20 2

321.00 4 20 16.03 1 0.02 15.98 15.19 1

322.00 12 20 16.03 1 0.02 16.03 15.20 2

323.00 20 20 16.03 1 0.02 15.98 15.19 1

324.00 12 20 16.03 1 0.02 15.98 15.19 1

325.00 20 20 16.03 1 0.02 15.98 15.19 2

326.00 12 15 16.03 1 0.02 15.98 15.19 1

327.00 20 20 16.03 1 0.02 15.98 15.20 1

328.00 12 20 16.03 1 0.02 15.98 15.19 2

329.00 20 15 16.03 1 0.02 15.98 15.19 1

330.00 12 15 16.03 1 0.02 15.98 15.19 1

331.00 20 15 16.03 1 0.02 15.98 15.19 2
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TIME TST
CODES

TEMP
DEGF

SUPPLY SCOPE THR
VOLTS TRIG INCHES

PUMP
VOLTS

VENT
VOLTS

SPI
MP

332.00 5 20 16.03 1 0.02 15.98 15.19 1

333.00 6 15 15.96 1 0.02 . 15.91 15.12 2

334.00 5 49 16.14 1 0.03 16.04 15.27 1

335.00 6 15 15.96 1 0.02 15.91 15.12 1

336.00 5 54 16.03 1 0.02 15.98 15.19 2

337.00 6 15 15.96 1 0.02 15.91 15.13 1

338.00 5 54 16.16 1 0.03 16.05 15.27 2

339.00 6 15 15.96 1 0.02 15.91 15.13 1

340.00 5 49 16.03 1 0.02 15.98 15.19 2

341.00 6 15 15.96 1 0.02 15.91 15.12 1

342.00 13 34 16.14 1 0.03 16.05 15.28 2

343.00 14 10 15.96 1 0.02 15.91 15.12 1

344.00 13 39 16.13 1 0.03 16.05 15.26 2

345.00 14 19 15.96 1 0.02 15.91 15.12 1

346.00 13 44 16.13 1 0.03 16.04 15.27 2

347.00 14 10 15.97 1 0.02 15.91 15.12 1

348.00 13 49 16.15 1 0.03 16.05 15.25 2

349.00 14 10 15.96 1 0.02 15.90 15.13 1

350.00 13 44 16.11 11 0.03 16.06 15.26 2

351.00 14 10 15.96 11 0.02 15.91 15.13 1

352.00 21 39 16.15 1 0.03 16.04 15.26 2

353.00 22 10 15.96 1 0.02 15.91 15.12 1

354.00 21 49 16.10 1 0.03 16.04 15.26 2

355.00 22 10 15.96 1 0.02 15.91 15.12 1

356.00 21 44 16.11 1 0.03 16.04 15.25 2

357.00 22 5 15.99 1 0.02 15.91 15.12 1

358.00 0 39 16.12 1 0.03 16.04 15.26 3

359.00 0 5 16.03 1 0.02 15.98 15.20 • 1

360.00 4 5 16.04 1 0.02 15.98 15.19 1
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Figure F-3: "Labtech Notebook" display of the screen during the anomaly
occurring on the first page of Table F-2. Throttle opening is expressed in
inches; the pump and vent measurements are in volts. No current flows
through these devices when their controlled terminals are at the supply
voltage. This screen photograph was taken at approximately 29 seconds
into the run. Because an XT-type computer has difficulty updating its screen
fast enough, the information captured in the photograph is partly from the
time = 28-seconds data sample, and partly from the time = 29-seconds
sample.
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u

Figure F-4: Digital memory oscilloscope recording of the anomaly. Note finer
detail due to much higher sampling rate. This recording began at the instant
the vacuum pump was energized, i.e. at time=23-seconds, and shows a
ten-second sample.
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APPENDIX G

"Critical Vertical Offset"

Measurement Procedure and Data



Background In the course of test driving various vehicles with high SA-complaint
rates, various panel members as well as several other investigators
remarked on how the brake pedals ofthese cars reacted differently from
most others. The essence of their comments was that in vehicles with
high SA incidence it is easier to open the throttle while applying the
brake. It is also easier to mistake the accelerator for the brake because
the brake pedal is set lower (closer to the vertical plane of the
accelerator) and feels softer (more like the accelerator) than in most
other cars. Previous tests conducted at VRTC have suggested that pedal
designs in certain vehicles permit unintentional activation of the
accelerator while applying thebrake. (Ref38)

Two conditions must be satisfied for a driver to easily open the throttle
while simultaneously applying the brake with the same foot: (1) the
pedals must be separated laterally somewhat less than the width of the
driver's shoe, and (2) the effective vertical range of the brake pedal
must be low enough that it is not very much higher than the working
range of the accelerator.

With a great deal of force applied, typically 75 pounds or more, any
vehicle can be slowed and stopped, even with the throttle wide open.
However, for forces in the 20 to 60 pound range, some vehicles, notably
those with high SAI complaint rates, continue in motion if the driver's
foot overlaps both pedals with the accelerator leading by some small
amount.

For the purposes of this study, the distance by which the
accelerator-pedal edge of the foot leads the brake-pedal edge is the
"vertical offset" The "critical vertical offset" (CVO) is the maximum
distance atwhich the vehicle will remain stationary with agiven amount
offeree applied to thepedals.

While the test-driving experience provides strong intuitive insight into
the cause of sudden acceleration accidents, it does not offer the kind of
quantitative measures which are the essence ofscientific investigation.

Analysis and correlation ofthe standard measures ofpedal location with
incidence of SA have failed to show regression coefficients to be as high
as should have been expected. Thus is was clear that some new way of
measuring pedal characteristics was required.
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Objectives The objectives of this task were: (1) to devise a simple, low-cost means
to quantify the differences in pedal design which affect the probability of
driver error leading to sudden acceleration, (2) to conduct such
measurements on most of the vehicles with much-higher-than-average
SA-complaint rates as well as a sample of vehicles with low complaint
rates, and (3) to present the results graphically.

Procedures Lateral Separation: This measure is defined as the distance between the
nearest points on the brake and accelerator pedals when the brake is
pushed down to the point that it is in the same plane as the accelerator.
It can easily be made with a machinist's caliper or combination square.
Because of dimensional variability in the rubber and sheet metal parts
which affect it, the accuracy in this measure need not be better than
one-eighth of an inch.

Critical Vertical Offset: Measuring vertical offset while simultaneously
applying substantial force to both pedals requires construction of a
special apparatus, illustrated in Figure G-l. This apparatus consists of a
base plate of quarter-inch aluminum 4.0 inches high by 7.75 inches wide
and drilled with a series of holes along the top and bottom edges
through which bolts are inserted and threaded into bands on the
underside of the brake pedal so that the plate can be securely clamped
to the brake pedal.

Along the right side of the plate are three holes tapped for a half-inch
screw. At its lower end, this screw is fitted with a disk 1.9 inches in
diameter, which presses against the accelerator. Three holes are
provided so that the screw may be positioned as close as possible to the
accelerator pivot point. At the top of the screw is a pointer knob to
facilitate rapid adjustment.

Near the center of the plate, a strain-gage load cell, SensotecModel BP,
part number 5862, is installed. This device requires a precise 10.00 volt
power supply and millivolt meter to read its output, in this case a Fluke
model 8050. With this equipment, a pedal force of20 pounds produces
a reading of 2.75 mV, 40 pounds yields 5.50 mV and 60 pounds is
equivalent to 8.24 mV. Figure G-2 shows all of this equipment installed
in a test vehicle.

In conducting a full test, determinations of whether the vehicle remains
stationary, accelerates, or decelerates (ifalready in motion) were made
for 20, 40 and 60 pound forces on the pedals at vertical offset values
ranging from 03 inches to the amount at which the vehicle remained in
motion at all three levels of pedal force. These determinations were
recorded on the data sheets, an example ofwhich is presented in Figure
G-3.
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Tests were made for most vehicles in both "Drive" and "Reverse." For
most vehicles, the results were identical in both directions, but in a few
instances, the critical offeet was slightly smaller in reverse. These
instances were noted on the data sheets. ft

Most of the vehicles tested were owned by the Department of
Transportation or by TSC employees. The more expensive
Mercedes-Benz and Acura products were provided through the courtesy
of their manufacturers and/or dealers. ^

ft

ft

ft

ft

ft\

ft

ft
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Figure G-1: Close-up view of apparatus for measuring vertical offset. In the
photograph, the device which is clamped to the brake pedal is at the bottom,
with the power supply in the center and the readout display at the top.
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Figure G-2: Photograph of apparatus installed in a test vehicle.
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Figure G-3: Example data sheet for pedal separationand CVO test.

(*~lyfto»ih VHAKE/MODEL
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/ i

/ f

//

—• i
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i
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•
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3

•

i

r^o u*$

ft
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Results The following table shows the measured pedal separations and CVO
(both expressed in inches) at various levels of applied pedal force for
seventeen vehicles:

Vehicle Lateral Separation

Audi 5000. 82 2.13

Audi 5000, 84 2.13

Honda Accord 2.25

Mercedes-Benz 420 SEL 2.38

Honda Civic 2.38

SAAB 900 2.38

Volvo 240 2.38

Oldsmoblle Cutlass 2.38

Acura Legend 2.63

Acura Integra 2.63

Mercedes-Benz 300E 2.63

Nissan 280ZX 2.63

Toyota Corolla 2.63

Mercury Grand Marquis 3.13

PlymouthVoyager, 84 3.25

Toyota Camry 3.25

Plymouth Voyager, 86 3.25

Critical Vertical Offset

20# 40# 60#

.5

.5

.5

*

1.0

1.5

1.25

*
1.5

.5 2.0

*
.75

* *

*
.5

1.0 1.25

1.75 2.0

1.75 2.0

.5 » •

.5 .5 .75

.5 1.75 2.0

.75 1.0 1.75

1.5 1.5 1.75

.75 2.25 2.25

1.75 2.52 .75

* denotes that vehicle moved at the minimum offset permitted by the test apparatus, which was 0.5 inches.
Hence the true CVO is less than 0:5 inches.
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PREFACE

This report was prepared bytheU.S. Department ofTransportation, Transportation SystemsCenter
(TSC) for the Nutional Highway Traffic Safety Administration Office ofDefects Investigation (NEF-
10). The work was performed at TSC by the Structures and Dynamics Division (DTS-76) and the
Operator Performance and Safety Analysis Division (DTS-45).

This document was essentially completed inSeptember, 1988. Since itsdetailed engineering
analyses of the Audi complement the broaderscopeof the "Examination of Sudden Acceleration"
study,TSCchose to publish the two reports together, with the Audi report asanappendix to the
general report. The findings described inChapter 7 andthe summaryof this appendix donot fully
reflect the understandings ofthesignificance ofpedal design gained during the final quarter of 1988.
The reader is referred to the general report for the morecompletediscussionof these matters.
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1. INTRODUCTION AND SUMMARY

1.1 BACKGROUND

The Nalionul HighwayTraffic Safety Administration's(NHTSA) Officeof Defects Investigation
(ODI) is currently investigatingownercomplaints aboutthe Audi 5000. These complaintsallege that
the vehicle produces sudden, uncontrollable accelerations known as "sudden acceleration incidents"
(SAIs). For SAIs resulting in accidents, driver reportsprovided to ODI typically indicate that while
the vehicle was at rest the driver shifted the transmission from park to reverse or drive, the vehicle
suddenly accelerated, and the brakes couldnot bring the car undercontrol. The incidents reported
frequently occurred duringthe firstyearofownership. After an incident, inspection of the vehicle by
NHTSA usually revealed no failure or malfunction of any vehicle system.

Although reports ofSAIs have been received fora variety of automobile makes and models, ODI has
found that the Audi5000 hasbeenassociated with the greatestrateof suchcomplaints. According to
ODI, for the 1978 lo 1986 model years(asofOctober 18,1988), driversattributed 556accidentsper
100,000 Audi 5000vehicles soldin the U.S. to suddenacceleration. The highest comparable rate for
other makes and models was 28 per 100,000 vehicles.

Initial investigations by both the U.S. importer, Volkswagen ofAmerica (VWOA), and ODIcould find
no consistent mechanical failures that could cause this phenomena. VWOA has claimed that these
incidents werethe result ofdrivererror,and that drivers reporting SAIs hadinadvertently depressed
the accelerator pedal instead of the brake pedal.

In the period 1982 to 1987, VWOA conducted four recall campaigns germane to SAI reports:

• In April 1982,a recall was conducted to modify the accelerator pedal to prevent
interference with the Doormats.

• In September 1983, a plate was attached to the brake pedal to elevate it relative lo the
accelerator pedal.

• In July 1986,Audi began replacing some idle-stabilizer valves in conjunction with an
unrelated recall.

• DuringSeptember 1986, as part of a service action, Audi began installing automatic shift
locks (ASL) in 1984-86 vehicles.

• In January 1987,a formal voluntary recall was initialed to install ASL in all model years,
to check for idle speed problems, and to replace certain stabilizer valves

• In October 1987,VWOA announceda recallof the idle-stabilizer system for the 1984and
1985Audi 5000s. (VWOA contends that this recall is not related to SAI problems.)

As partof its continuinginvestigation, ODI requested that ihe U.S. DepartmentofTransportation,
Transportation Systems Center (TSC) performan independent analysis of the Audi's electronic,
electromechanical, and mechanical systems;drivercompartmentconfiguration (particularly the
controldimensions and forces); and driver population characteristicsto identify any possible
associationsbetween these factors and SAIs. This reportdetails the results ofTSC's analysis.

1.2 ORGANIZATION OF TSC STUDY

This study included: (1) an examinationand fault tree (detailed failure mode) anulysisof the
vehicle's majormechanical, electronic, and electromechanical subsystems lo determine the
conditions underwhich thesesubsystemscould be responsible for the incidents; (2) ananalysisof the
dimensions and design of the Audi driver compartment to determine if the features of
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the compartment and drivingcontrols mighl increase the probability of pedal misapplication
resulting inanSAI; and (3) ananalysis ofthecharacterislics ofAudi drivers todetermine if they are
more likely lhan the drivers ofother vehicles to be involved in or exposedlo situations where an SAI
could occur.

Figure 1-1 depicts the potentialcausesand results ofan SAI. As is indicated, Ihe incident must be
initialed byan increase inengine power. This increase may becaused eilherbya systemmalfunction
(u failure inone or more oftheengine systems listed in Figure 1-1), orbythedriver inadvertently
depressing theaccelerator. In the former case, loss ofvehicle control can occur if the brakes fail, orif
the driver inadvertently depresses theaccelerator rather than the brake pedal orotherwise fails to
apply the brakes. If the initialing cause is pedal misapplication, loss ofcontrol canoccur if the driver
continues todepress the accelerator pedal, believing it tobethe brake. This report summarizes the
material gathered byTSC with regard tothe features orthevehicle thatcould potentially lead to
system malfunction and/or pedal misapplication.

An analysisof the Audi'spower train(Section 2)indicated that the following systems are the most
likely potential sources of a malfunction leading lo Ihe initiation of an SAI:

• the idle-stabilizer system

the cruise control system

the transmission linkage

Information onthedesign ofthese systems and theresults oftestsconducted are presented in
Sections 3,4, and 5.

In anSAI, failure lostop thevehicle mustinvolve cither a failure bythedriver toapply the brakes or
a malfunction of the braking system. The braking system is discussed in Section 6.

If the initiation ofthe incident andsubsequent loss ofcontrol arenotduetoa vehicle system
malfunction, they must then bedue to pedal misapplication. The accuracy andtimeliness with which
the drivercontrols the vehicle arestrongly influenced byboth the design and dimensions of the
operating controls and thedriver's familiarity withthevehicle. Data comparing-these aspects ofthe
Audi 5000 with those of other cars intheU.S. fleet, as well asinformalion on theanthropometry and
demographiccharacterislicsof Audi 5000drivers, are presented in Section7.

1.3 METHODOLOGY

In the study, TSC used the following logic:

The SAI must beinitiatedbya significant increase in enginepower. This canbecaused
either by a failure in oneor moreenginesystems orby a pedal misapplication.

If the initiatingcause isa system malfunction, loss ofvehicle control can occur through
cither brake failure or pedal misapplication.

If the initiating cause is pedal misapplication, loss of control can occur if the driver is not
aware of it and continues to depress the accelerator pedal.

Driving a vehicle withan unfamiliar orunusual drivingcompartmentconfiguration can
increase the probability ofpedalmisapplication.

If the causeof an SAI is an electromechanical or mechanical failure, physicalevidence of
such a failure should be delectable in a post-SAI examination of the vehicle.
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• Ifan intermittent electronic failure is the cause of ihe SAI,post-incidentdetection may be
much more difficult but the failure modeshould be reproducible either through in-vehicle ft
or laboratory bench tests.

1.3.1 Potential Failure Modes • Power Train System

Significantincreasesinenginepower (sufficient lo produce an SAI) can beproduced onlyifbothair
and fuel flows to the engine arc increased while maintaining a fuel-air mixture whichprovides ft
relatively complete fuel combustion. In the Audi 5000, when metered airflow increases, the fuel
management system increases fuel flow, resulting in an immediate increase in engine power.

TSC's analysis indicated lhal in the caseofthe Audi 5000, this increase in enginepower could be
possibleonly through:driver movement of the throlllemechanical movementof the throttle plate
(causedby malfunctionof the accelerator linkage or transmission "feedback" linkage to the ft
accelerator linkage)

• malfunction of the cruise control

• malfunction of Ihe idle-slabi1izer sysicm

ft

• some olher malfunction which increases airflow to the fuel management system,e.g.,air
leakage

Malfunctions ofthe engine ignitionand timingsystem, emissionscontrolsystem, and engine
vacuum systems could not produce ihe power involved in an SAI.

ft

Throttle System- After the acceleratorpedal isdepressed, the throttle linkagecould conceivably
"stick,"causing the pedal to hold its position. Thiscould becausedbybindingin the system or some
mechanical interference with the linkage or the pedal. The first SAI-relalcd recall by VWOA
involved installation ofa shield on the accelerator pedal to preventjamming against the floormal.
While accelerator pedal "sticking" has been reported to ODIby owners, these incidents do not fit the
spontaneous acceleration scenario. However, they couldfit the scenario if the pedal were stuck before ft
the vehicle had been started.

Transmission Activation ofThrottle- In Ihe 1978through 1983Audi 5000, the transmission could
conceivably activate the linkage and throttle plate in a shift fromdrive into neutral, reverse, or
park. Inthesemodels, the throttleplatecould beopened ifan unbalanced pressure ofat least 117 psi
were applied to the kickdown valve. AnSAI due lo transmission activation of the throttle would ft
require multiple failures, would be irreversible, and would be easily detected after the fact. No
evidence ofsuchfailures was found in vehicles exhibiting SAIs byTSC or ODI investigators.

CruiseControl System - Multiple simultaneous failures in this system would berequired to produce
SAIs from a stopped or low-speed condition (theSAI reported bythegreat majority ofinvolved
drivers). Both a gear-selector safelyswitch (powered only indriveor second gear)andan operator's ft
switch would havetobeclosed, andan electronic control unit (designed to function onlyabove 30
mph) must fail to initiate an SAI. In addition lo Ihescfailures, a simultaneous mechanical failure in
the vacuum breakerattached lo the brake pedal would berequiredto preventthe driver from
defeating thecruise control by braking. No evidence ofsuch failures was found invehicles exhibiting
SAIs by TSC or ODI investigators.

r*i
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Self-activation of the cruise control's "resume" function at speeds above 30mphwith the cruise
conlrol switch on has beenobserved in oneinstancebyTSC,andotherdrivers have reported such
incidents to NHTSA andVWOA. Such incidents do not, however, resemble the typical SAI.

Idle-Stabilizer System- Audi5000 (1984 andthereafter) incorporates an idle-stabilizer system which
regulates engine speed in response lothedemands ofengine load. The systemiscomposed ofan
electroniccontrolunit and an electromechanical air valve. Two types of valves are used in the
vehicles of interest: a rotary valve and a linear valve.

Whenthe electronic control unit in this systemmalfunctions, excess current may flow through the
idle-stabilizer valve, causing il toopen fully andtherebyproducing an immediate increase in engine
power. Tests reported by VWOA (October 1986) have indicated that the idle-stabilizer system alone
can accelerate Ihe Audi 5000at an initial rale of 0.3 g, which is similar in magnitude to an
emergency stop in a subway car. With the valve fully open, the vehiclecan reachspeedsof 20 to 25
mph in reverse or forward gears in approximately 10 seconds, andeventually reach speeds of40 to50
mph in forward gears.

Intermittent malfunctionsof the electronic control unit wereobserved and recorded byTSC in this
study and have been reportedby Transport Canada (personal communication). Such failures,
because of their intermittent nature, would most likely notbedelected duringnormal Audi-specified
testing of the unit, or in post-accident NHTSA investigations.

In the rotary-valve version of the idle stabilizer, problems with intermittent failures of the
commutator contacts have been reported. Such defects may cause engine surging directly and may
also causeoscillationsleadingto prematurespring failure. Oncethe spring has broken, idle
stabilization is apt to become more erratic.

1.3.2 Potential Failure Modes - Braking System

The reports ofSAIs indicate thai once the increase inenginepower began, the drivercould not stop
the vehicle with the brakes, implying brake failure. TSC and NHTSA tests indicate that the Audi
5000brakes, when operating properly at the lowroad speedstypicalof the SAI, will holdor stop the
car even under full throttle.

Temporary Failure ofthe Hydraulic Power-Brake Assist - The hydraulic powerboost used in 1984
and later models holdsufficient pressurized fluid for 15lo 20brake applicationsafter engine
shutdown. If the Audienginespeed is above 1000 RPM (asis characteristic of SAI reports), rapid
pumping of the brake pedal cannol deplete the reservoir. Even with depletion of the reservoir the
brakes still operate, but require four to five times the normal force from the driver to slop Ihe car (not
beyond the capability of the great majority ofdrivers). A malfunction resulting in failure of the
hydraulic power-brake assist with the engine running wouldbedetectable in post-SAI investigations.
No evidence ofsuch malfunctions was found in vehicles exhibiting SAIs by TSC or ODI investigators.

Complete Brake Failure-This can becausedonly by lossof hydraulic fluid pressure from both sides
of the dual hydraulic brake systems incorporated in all of the Audi 5000swith reported SAIs. Such
complete, simultaneous failures are irreversible and would be easily detected after an incident. No
evidence ofsuch failures was found in vehicles exhibiting SAIs by TSC or ODI investigators.
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1-3.3 Potential Failure Modes- Pedal Misapplication

VWOA has claimed that Ihe SAIs reported for the Audi 5000 were a resultof pedal misapplication.
TSC analyzed the interior dimensions of the Audi 5000, the dimensions and actuation forces of its
controls, and thecharacteristics of itsdriver population loidentify factors which could induce pedal
misapplication andcause orcontribute lothe disproportionate numberof SAIs reported for Ihe
vehicle.

Driving Environment-TSC performed astatistical study comparing theAudi 5000's interior sealing
and pedal arrangements to hundreds ofother vehicle models in the U.S. fleet for critical driver-
related dimensions. The study revealed statistically significant differences for 20 dimensions.
Among the dimensions which were significantly different were seatheight; kneeangle; lateral
steering-wheel position; kneeclearance; brakepedal force, size, height, andtravel; andaccelerator
pedal size and height.

Prior research byTSC (Hoxie 1984) and NHTSA (Perel 1983) have revealed thatdriver unfamiliarity
with a vehicle can markedly increase the likelihood ofan accident.

From thestatistical comparison ofvehicle interior dimensions and thestudies ofdriver familiarity, it
can beconjecturedthat drivers who have extensive experiencewith other vehicles but are new lo the
Audi may make a disproportionate numberof pedal misapplication early in their use of the vehicle.

TSC's analysis ofNHTSA's National Accident Sampling System indicates that34percent ofall
driversinvolved inaccidents nationwide have less than6 months ofexperience with the vehicle
involved. By way of comparison for Audi SAIs, 44 percent ofthe drivers had less than 6 months'
experience with the vehicle.

Driver/Driving Characteristics - A majorsourceof statistical variation in automobile accident rates
is thedemographic characteristics ofthedriver. TSC found that middle-aged and older drivers
involved in Audi 5000 SAIs wore ovcrrcprescntcd whencompared with drivers in allaccidents
nalionwide. (This is especially true for middle-agedand older female drivers.) Such individuals are
similarly overrepresented as owners and drivers ofthe Audi 5000.

In addition, the Nalionwide Personal Transportation Study showsthat female drivers lake more
tripswhich require frequent starts and stops, conditions which increase theopportunity for SAIs.

1.4 SUMMARY OF FINDINGS

Based onits analysis of the Audi5000, itscomponents, and NHTSA andVWOA data, TSCreached
the following conclusions:

• TheAudi 5000 has mechanical and electronic failure modes thutcould induce engine
surging and produce unexpected increases in engine power. In particular, failures in the
idle-stabilizer system used in 1984 to1986 vehicles have been observed which produce
surges typical of some SAIs and could potentially initiate such incidents. Becauseoftheir
intermittent nature, these idle-stabilizer system failures would mostlikelynotbe
detected during normal Audi-specified testingof the unit, orin post-accident NHTSA
investigations.

• The complete brake failures reported in theAudi 5000 SAIs are very unlikely events
which, had they occurred, would have been delectable after an incident or accident. Only
onesuch incident is knownto haveoccurred. In that instance,brake hosesweresevered.
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• The sealing, pedal arrangements, and pedal forces ofIhe Audi 5000 are significantly
different from thestandard domestic vehicles, increasing the likelihood ofconfusion ofthe
brake and accelerator pedal for drivers new to the vehicle.

• Theapparent ovcrrcprescntation in Ihe Audi 5000 driver population ofindividuals whose
driving patterns involve frequent "slarls" may have increased Ihe opportunity for SAIs.

In summation, TSC was notable toidentify any combination ofmalfunctions in the Audi 5000 which
would simultaneously produce sudden acceleration and brake failure without leaving readily obvious
evidence. Failures in the idle-stabilizer system, and lo amuch lesser extent the cruise control system,
were identified which are capable ofinitialing an SAI without leaving evidence detectable under
normal test procedures.

Furthermore, failures in the braking system which would preclude the driver from stopping the car
were not identified. TSC also determined that the dimensions ofthe Audi 5000 driver's compartment
and the forces and dimensions of its controls are significantly different thanother vehicles in the U.S.
fleet, increasing the possibility ofpedal misapplication in individuals unfamiliar with thevehicle. It
can therefore be concluded that once unwanted acceleration has begun, pedal misapplication
resultingfrom panic, confusion, orperhaps unfamiliarity withthe Audi5000 contributes to the
severity of the incident.
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IDENTIFICATION OF POTENTIAL MECHANICAL FAILURES FOR SUDDEN
ACCELERATION INCIDENTS

2.1 BACKGROUND

The lypical reported scenario for sudden acceleration is that the driver enters an already warmed-up
car (i.e., engine ut operating temperature), starts Ihe car, and moves the shift lever into drive or
reverse. The car then rapidly accelerates in the direction of the gear selected. Although the driver
immediately applies the brake, the vehicle does not stop. The SAI is stopped when the ignition switch
is turned off, the transmission is shifted lo park or neutral, or the vehicle strikes an object. Inspection
of the vehicle after the incident typically shows no mechanical malfunction. Usually the car has less
than 10,000 miles on the odometer. An equal number of incidents occur in drive and reverse.

For sudden acceleration to occur, the engine ofthe vehicle must develop power. To study the possible
mechanical causes of increased engine power, a fault tree analysis was performed (see Figure 2-1).
The fault tree shows that for the engine to develop sufficient power, the flow ofboth air and fuel must
increase. Fuel and airflow increases with an open throttle plate, an open idle-stabilizer valve, or a
malfunction that allows an increased air and fuel mixture to enter the intake manifold. The systems
capable of changing the engine performance by moving the throttle plate include the cruise control
system, the transmission and kickdown valve, and the throttle linkage system. The systems capable
ofchanging the engine performance with the throttle plate closed(idle position) include the ignition
system, the fuel-injection system, the exhaust gas recirculation system, the positive crankcase
ventilation system, and the idle-stabilization system. These systems and components are reviewed in
the following sections. Particular emphasis is placedon identifying systems and components capable
of malfunctioning in an intermittent or self-correcting manner.

2.2 CLOSED THROTTLE PLATE

2.2.1 Idle-Stabilization System

The idle-stabilizationsystem adjusts the amount of meteredair that bypasses the throttle plateat
idleconditions. The valveoperatescontinuously whenthe throttle plateis fully closed. It responds lo
different engine loadingconditionsto maintain a constant, preset idle speed. If this valve were to
malfunction, the vehiclecould accelerate in forward orreverse. TSC calculated that a fully openidle-
stabilizer valve on a 1986Audi 5000S produces an initial accelerationof 0.3 g and would reach a final
speedof 33 mph in reverse gearor40 to 45 mph in forward gear. This vehicle acceleration may alarm
the driver. Since the idle-stabilization system has these capabilities, a detailed discussion of its
operation and possible failure modes is presented in Section 3.

In Sections 2.2.2 through 2.2.6, changes in engineperformance (brake torque) areestimated from
lest data on typical gasoline engines (Taylor 1966).

2.2.2 Ignition System

The ignition system, which iscomputer-controlled, supplies a32,000 V spark toeach cylinder at the
proper time. A changein ignitionsystem timing could increase the engine performance at idle. At
idle, thetiming ofthespark isusually retarded 15 lo 20° from theMBT (Maximum Torque) timing
position. Asshown in Figure 2-2, thebrake mean effective pressure (ratio ofbrake torque to
volumetric displacement) changes about 18 percent from the MBT timingposition tothe 20° retarded
position. If the timingwere changed tothe MBT position from the20° retarded position, the indicated
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torque al idle could increase up lo 18 pcrccnl. Based on this, TSC estimales the change in brake
torque would have an upper bound of3.2 lb-ft for the Audi five-cylinder engine. The resultant change
in Ihe vehicle acceleration is nol significant enough lo cause an SAL

2.2.3 Fuel-Injection System

The fuel-injection system used in the Audi 5000 from 1978 through 1986 model years is called the
continuous-injection system (CIS). This system continuously injects fuel lo all cylinders in quantities
proportional lo the amount ofair drawn in by the engine. There are two melhods for the fuel-injection
system to deliver the appropriate fuel-air mixture lo the engine. The primary method is to directly
measure the amount ofair entering the intake manifold with an airflow sensor plate mounted before
the throttle plate (see Figure 2-3). The secondary method is through control based on the oxygen
level in the exhaust gases. An oxygen sensor measures the amount of oxygen in the exhaust gases
while the fuel-injection computer control unit monitors the sensor lo determine the amount of
additional fuel to allow into the fuel injectors. This part of the fuel-injection system does the "fine"
fuel metering while the airflow sensor does the "coarse" fuel metering. The flow ofair into the engine
is controlled by the throttle plate position, idle stabilizer, and the idle air bleed. These air regulators
allow "metered" air (air that is measured by the sensor plate) into the intake manifold. At idle, the
fuel-air mixture is maintained around stoichiometry (fuel-air equivalence ratio or Fr= 1.0) as shown
in Figure 2-4. If the air regulators are properly operating and a fuel system malfunction caused the
fuel-air mixture to become richer (Fr> 1.0),the maximum torque increase would be about 5 percent
of idle torque. If the fuel-air equivalence ratio increased to greater than 1.2,engine performance
would decrease, and eventually the engine would stall. If the fuel-air mixture was leaned out
(Fr < 1.0), the engine performance would also decrease until the engine stalled. The maximum
change in torque is on the order of 1 to 2 lb-ft, which is not significant enough to cause sudden
acceleration.

2.2.4 Exhaust Gas Recirculation Valve

The exhaust gas recirculation (EGR) valve is generally mounted on vehicles thai do not use the
oxygen sensor and three-way catalyst, i.e., vehicles equipped to be used in Canada or pre-1984 Audis.
The EGR valve is mounted between the exhaust manifold and the intake manifold. This valve allows
exhaust gases into the intake manifold to coolcombustion temperatures and reduce exhaust
emissions. For the valve to operate, the engine must be fully warmed up and the throttle plate must
be in a part-throttle position. An open EGR valve with the throttle plate fully closed (at idle) could
only cause a decrease in engine performance. The inert exhaust gasesentering the intake charge
decrease the amount of oxygen present to burn the fuel. As a result, the flame speeds in the
combustion chamber wouldbe low and the overallcombustionwouldbe poor. The result of poor
combustion is a very rough idle and possible engine stalling. A failed EGR system could not cause
sudden acceleration.

2.2.5 Positive Crankcase Ventilation System

The positive crankcase ventilation system for the Audi 5000 consists ofa restrictor mounted in a hose
from the crankcase of the engineto the air intake. This allowsexhaust gasesandany unburned
fuel-air mixture that hasescaped pastthecylinders to reenterthe air intakecharge. If the positive
crankcase ventilation system failed by eliminating the restrictor, the effect would be the same as
leaningout the mixture; the enginewould decrease in performance andeventually stall. If the
restrictor became clogged, the fuel-air mixture could become richer (Fr > 1.0). The maximum
increase in idle torque would beonthe order of5 percent (lessthan 0.1 g initial vehicle acceleration),
which is nol significant enough lo cause sudden acceleration.
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2.2.6 Vacuum System

When theengine isunder idle conditions, the vacuum in the intake manifold isat itshighest level.
At idle, a leaking gasket or a broken vacuum.line wouldallow unmclered air lo enter the intake
manifold. Since the air is not measuredby the airflowsensor, the fuel-air mixture would lean out

.(Fr <1.0). Theoxygen sensor in theexhaust manifold would sense thischange in the fuel-air
mixture. The fuel-injection control unit adjusts the differential pressure valve which readjusts the
fuel-air mixture by providing more fuel. Asmall air leak could produce a limited power increase, the
magnitude ofwhich cannot beprecisely determined because theadjusting limitsofthedifferential
pressure valve are nol known. Iftheair leak were large enough, thecontrol unitcould not adjust the
fuel loovercome the excess air. Engine performance would then decrease and theengine would
eventually stall. Inany event, significant air leaks wouldremain detectableand wouldnot correct
themselves.

2.3 MOVING THROTTLE PLATE

2.3.1 Linkage

Throttle platemovementallows air measured by the sensor into the intake manifold. The fuel
mixture for thisairwould beadjusted totheproper ratio. The performance oftheengine would then
be limited only by the amount ofair that was allowed into the engine (that is, the throttle plate
position). There arc three methods for thethrottle plate tobe opened. The first isbyactivation ofthe
cruise control (see Section 4). Thesecond method isby linkage attached tothe transmission's throttle
valve. This method isonly applicable to pre-1984 Audi 5000s, since the linkage connection was then
changed from a mechanical link toabutted joint. Thebutted jointcannot transmita tension force
from the transmission kickdown valve to the throttle linkage (see Section 5). The throttle plate can
also beopened bytheoperator depressing theaccelerator pedal. Iftheaccelerator pedal were
depressed and remained depressed, the fault could be due to broken linkage, sticking pivols, faulty
returnsprings, orsome other mechanical interference such as floor carpets.

2.3.2 Cruise Control

Thecruise control system has avacuum servo thatisdirectly connected tothethrottle plate. Ifa
vacuum were applied tothisservo and maintained, thethrottle plate could bemoved toa fully open
position. Thecruise control system has many safeguards toprevent this from happening. For the
system lo applya vacuumto the servo, twosimultaneous component failures must occur. Referto
Section 4 for a detailed analysis of possible failure modes.

2.3.3 Transmission

Because there is a direct link between the engine's throttle valve and the transmission's kickdown
valvewhich could possibly open the throttle, TSCstudied the linkage asa possible factor in SAIs.
The transmission canonlyaffectoperation in this wayin 1978 through 1983 Audis,as later models
have been reconfigured. Further, should a failure occur, it would not be reversible and would be
found in post-incident investigations. Section 5discusses the linkage between theengine andthe
kickdown valve of the transmissions, as wellas automatictransmissionoperation, kickdown valve
operation, and potential failure modes.

2.4 BRAKE SYSTEM

Once sudden acceleration hasoccurred, the brakesshould beable to stopthe car. A typical driver
complaint is that the brake pedal was depressed but the brakes did not control the vehicle. The brake
system could fail to operate for two possible reasons: The driver may react incorrectly to the incident
(forexample, by delayingbrakeapplication or noldepressing the pedal at all); or the brake system
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may malfunction. Driver-related issues are described in Section 7, while Section 6 focuses on the
brake system itself, particularly the hydraulic power assist. The power-assist mechanism reduces Ihe
force the driver must apply lo slop the vehicle. To produce 0.3 g ofdeceleration, a brake-pedal force of
22.5 Ib-f would be required with the assisl working. However, ifthe assist does nol function, the
required pedal force increases to 90 Ib-f. The hydraulic assist is capable of temporarily
malfunctioning, but only under the conditions not characteristic of SAIs. Even without power assist,
the great majority of drivers would be able to prevent an SAI with the brakes. This is further
explained in Section 6.
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3. IDLE-STABILIZATION SYSTEM

3.1 INTRODUCTION

The idle bypass system is found in 1984and later Audi 5000 models with fuel injection. (Prior models
used an electrically heated air regulating valve for the cold-start function.) An idle-stabilization
system maintains a constant idle speed while adjusting to different load conditions. As shown in
Figure 3-1, TSC's study was based on two possible situations:

1. The valve itself is defective (broken spring, sticking bearings, intermittent
commutator).

2. The electronic control unit (ECU)operates incorrectly.

3.2 SYSTEM DESCRIPTION

The idle stabilizer is a linear-actuated valve on the 1984 Audi 5000S and 1984 lo 1986 Audi 5000
Turbo models, and is a rotational-actuated valve on the 1985 to 1987 Audi 5000S models. A
schematic ofthe stabilizer valve and control system is shown in Figure 3-2. Incoming air is regulated
by the valve, which is electrically operated. Adjusting the flowof"metered" air causes the engine to
change power and speed.

Idle Bypass Opens

Internal Idle Bypass
Valve Failure

Temperature Sensor

©

Control Unit Malfunction

Idle Position Switch Engine RPMSensor Air-Conditioner

Relay

FIGURE 3-1. FAULTTREE ANALYSIS: IDLE BYPASS SYSTEM
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FIGURE 3-2. IDLE-STABILIZER VALVE LOCATION AND CONTROLS

The fuel-injection control unit controls the idle-stabilizer valveon the 1985 through 1987 model years
while the 1984 system has a separate control unit specifically for the stabilization system. The
control unit monitors the engine RPM, engine coolant temperature, throttle plate state, air-
conditioner on/offswitch, and air-conditioner clutch operation. Based upon the measurements taken,
the control unit choosesthe appropriate engine idle RPM from three preset options:

Engine coolant temperature < 40° C 1000 RPM

Engine coolant temperature > 40° C 800 RPM

Engine coolant temperature > 40° C and air conditioner on 920 RPM

These preset values vary slightly in different versionsof the system. The ECU is designed to limit its
maximum output current whenever the throttle plate is open. After the proper RPM is selected, the
control unit commands the idle-stabilizer valve to increaseor decrease the airflow to change the
engine RPM.

3.3 VEHICLE PERFORMANCE WITH IDLE-STABILIZER VALVE FULLY OPEN

In response to requests from NHTSA, VWOA providedplots of engine torque versus engine speed for
the range of throttle plate opening angles for the Audi 5000S engine. VWOA also conducted tests of
the vehicle and engine performance with the transmission in gear and the idle-stabilizer valvefully
open. These tests were also made with the throttle plate open to an angle of 20°. Table 3-1 lists the
engine speed developed at the start of the tests with the brakes fully applied and the transmission in
gear. Measurements corresponding lo this condition were also made at TSC on a 1986 5000S Turbo
vehicle.
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Based on this data, it is estimated thai fully opening the idle-stabilizer valve corresponds to a 13.5°
throttle plate opening for Ihe 1984 5000S, a 21.3° throttle plate opening for the 1986 5000S, and a
14.3° throttle plate opening for the 1986 Audi 5000S Turbo (see Figure 3-3).

Calculations were performed by TSC using the engine torque versus speed characteristics to estimate
the acceleration and velocity lime histories ofa 1986 Audi 5000S with the throttle plate open to an
angle of20°. This result is compared lo the Audi test results in Figure 3-4, where the idle-stabilizer
valve is fully open and the transmission is in reverse gear.

It can be seen that the calculations generally agree with the measurements for vehicle speeds
between 4 and 19 mph. The smaller starling acceleration measurement is believed lo be the result of
delays in fully releasing the brake. The difference at speeds above 19 mph resulted from Ihe test
being terminated before the final speed was achieved. TSC calculations indicate that ifthe test had
not been terminated, a sudden opening of the idle-stabilizer valve would result in an initial
acceleration of0.3 g's with Ihe vehicle in reverse gear with no brakes applied, achieving a velocity of
24 mph in approximately 10 seconds. In these 10 seconds the vehicle would travel about 230 ft (sec
Figure 3-5). As shown in Figure 3-6, the final speed ofthe vehicle achieved in 30 to 40 seconds would
be between 28 and 33 mph.

VWOA Tests*

Engine RPM**

1493

1897

2013

2128

1536

2127

TSC Tests

Engine RPM**

1400

1400

TABLE 3-1. TEST RESULTS

Vehicle Model

1984 Audi 5000S (rotary valve, fully open)

1984 Audi 5000S (20° throttle angle)

1986 Audi 5000S (rotary valve, fully open)

1986 Audi 5000S (20° throttle angle)

1986 Audi 5000STurbo (linear valve, fully open)

1986 Audi 5000S Turbo (20° throttle angle)

Vehicle Model

1986 Audi 5000S Turbo (linear valve, fully open)

1986Audi 5000STurbo (rotary valve, fully open)

*Test results received by TSC through ODI from VWOA
** RPM measurement with brake fully applied andvehicle in reverse gear
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3.4 CONTROL UNIT AND SENSORS

Airflow isdetermined by the electrical current passing through the stabilizer valve, which issetby
the ECU, asshown in Figure 3-7. As mentioned above, two significantly different versions of Ihe
valve and controller are inuse: the rotary and thelinear. The former uses athree-wire system with
+12 V DC applied to pin 2. Pins 1and 3return lo ground through the ECU. The relative proportions
oflimethatcurrent is permitted to flow ineach side ofthecircuit bythecontroller determine the
valve position.

The following test data were recorded by TSC. In the linear valve, Figure 3-8, aspring exerts a
closing force. Asingle solenoid opens the valve by an amount which isproportional to the strength of
the current flowing through it. This current normally consists ofapulse train with a frequency of140
to 1501 Iz. The width ofthe"on" pulses varies from about 1.2 msec atan idle speed of800 RPM to
around 1.5 msec for 1000 RPM. Nominal current for a warm engine isabout 430 mA(equivalent DC
current). Switching on theairconditioner causes theECU to increase thecurrent by60 to70mA.
The ECU alsoreceives inputs from a temperature sensor anda switchonthe throttle. When the
engine temperature isbelow 40° C, an additional 100 mA are provided. When the throttle isopen, the
working range ofcurrents provided bytheECU is reduced, butit usually remains close totheabove-
mentioned values.

The most important input tothe ECU isengine RPM, taken from the ignition coil primary. These
pulses are fed to a frequency-to-voltage converter circuit in the ECU. After passing through a filter
stage, asmoothed voltage proportional to engine speed isobtained. This voltage isthen compared
with areference voltage, thevalue ofwhich isdependent upon engine temperature and whether or
not theair conditioner isinuse. Iftheactual engine speed proportional voltage is lower than the
reference, an output signal issent toIhe pulse-width modulator toincrease theduty cycle; the
converse is truewhen proportional voltage exceeds therefprence voltage. The output from the
modulator isthen amplified tocontrol the effective current through the idle-stabilizer valve. Figure
3-9 shows the block diagram for the ECU.

The ECU circuilry consists ofadozen operational amplifiers, a few discrete transistors, about 80
resistors and capacitors, and a few other components. These arc mounted upon a pair ofcircuit
boards, each measuring 59 by 54 mm, and joined by aribbon cable. The two arc then folded together
sotheycan beinserted intoa molded plastic housing with external dimensions of61 by62 by31 mm.
Figure 3-10 shows both boards spread out.

3.4.1 Failure Analysis

In an electronic device as complex as the ECU, thereare hundredsof potential failures. Eachof the
nearly 100 discrete partscanopen,short,ordrift from its nominal value. Furthermore, eachhas two
or more solderjoints which may open,usually intermittently. Eachof the integrated circuits has a
large number ofpotential failure modes. Fortunately, the normal failure rates forall these devices
are extremely low. Mean times between failures (MTRF) on the order of millions ofhours are the
norm as longas electronic components arcused within their ratedenvironmental limits. However, as
a rule of thumb, each 10° C temperaturerise reduces MTBF by anorderof magnitude.

Of these hundreds of possible failure modes,a great many reduceor completely cut offcurrent flow
through the valve. As a result, the car will be difficult to drive because ofengine stalling, but this
poses no other safety hazard.

Of far greater concernare those failures leading to abnormally largecurrents. Some of these produce
only a moderate increase in valve opening. ODI has supplied data indicating thai Canadian
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FIGURE 3-8. LINEAR-ACTUATED IDLE-STABILIZATION VALVE
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FIGURE 3-10. CIRCUIT BOARDS COMPRISING THE ELECTRONIC CONTROL UNIT (ECU)
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investigators found an intermittent solder joint on a capacitor in the circuit which smoothes the
output from the frequency converter. This fault led lo an idle speed ofabout 1800 RPM.

Most serious arc the faults which drive maximum current through the valve. Full valve opening is
achieved wilh about 1 amp, which can produce an initial acceleration ofup to 0.3 g. Level road speeds
ofabout 40 mph in drive or 33 mph in reverse can result.

Among the most likely causes of high current faults arc shorts in Ihe output transistor, Tl 45, or the
driver transistor, T143, shown in Figure 3-11. Shorts in either will lead to currents limited only by
the resistance of the valve and shunt, or about 2.3 amps. Such currents were, in fact, measured
repeatedly during acceleration incidents wilh a lest vehicle. These test results are contained in
Appendix D.

Excessive temperatures in the ECU are the most likely cause of intermittent shorts in the output and
driver transistors. TSC laboratory measurements of the case temperature ofa driver transistor have
shown it to be as much as 45° C above ambient. NHTSA field measurements on a hot, sunny day
indicate initial ambient temperatures inside the ECU box can easily exceed 50° C. Thus, these
components may be commonly exposed to temperatures above 70° C, which is considered the desirable
upper limit for most commercial-grade devices.

In a laboratory experiment, one ECU which had tested normally for 2 weeks ofcontinuous operation
was placed in an environmental chamber. It continued normally until the temperature was raised to
55°C. Thereafter, even when operating at room temperature, it intermittently exhibited either
normal behavior or one of four distinct abnormal modes. One of these abnormal states resulted in no
output while another yielded about 25 percent of the normal current. The other two provided normal
current but al greatly elevated pulse rates, 3.5 and 7 kHz respectively. Tapping or flexing the output
transistor could cause the control to jump between fault states or back to normal. (Operation al
normal current, but at a very high pulse rate of28 kHz, was often exhibited by the ECU from the lest
car just prior to its intermittent jumps into the shorted, maximum-current fault mode. This observed
high-frequency pulse was an indicator to a failure of high current.)

In addition to excessive temperatures arising from the ECUdesign combined with summer ambients,
it is likely that the output transistors ofsome ECUs may have been damaged by faulty diagnostic
procedures used by some mechanics. Testing the control requires measuring its output current.
However, the ammeter must be inserted between the ECU and the valve, since there is a shunt
resistor in ihe return to ground which provides essential feedback to the outpul stage. If this
feedback is eliminated byconnecting anammeter from the low side of the valvetoground, the output
stage will bedriven full onand willoverheat. Audi hasacknowledged this problem and hasadded a
current limiter to the most recent version of the ECU lo make il invulnerable to such mechanic
errors.

Another faulty ECU was tested for 2 months byTSC. During the first 2weeks oftestingtherewere 5
incidents inwhich theoutput current rose toabout 1amp. These faults were definitely not caused by
theoutpul stage, but the exact failing component was not determined. Following athorough cleaning
ofthecircuit board, no further incidents occurred in 6weeks oftesting. Hence, apossible explanation
for the abnormalitiesin this unit is that a fleck of solder adhered to the board when it wasassembled
andcaused intermittentshorts until it was removed during cleaning.
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"Figure 3-11 Contains Proprietary Information"

SOURCE: From VWOA through ODI to TSC, translated to English from German by TSC.

FIGURE 3-11. ECU OUTPUT STAGE,'J'VERSION
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3.5 IDLE-STABILIZER VALVE

The rotary-type valve of the idle-stabilizer system was analyzed lo determine ifa malfunction in the
valve could keep ilopcn with a normally functioning control unilor if an improperly operating
control unil could force Ihe valve open. Three types of possible failures were examined: a mechanical
sticking of Ihe valve, an intermittent connection between the brushes and current collectors, and a
broken return spring. Appendix A gives a detailed description of these possible failure modes.

Figure 3-12 (a) shows the orientation of the valve's electrical components and sign naming
conventions. A diagram ofthe electrical circuit within the armature for normal operation is shown in
Figure 3-12 (b). Pins 1,2, and 3 are connected to brushes that run against a segmented current
collector mounted lo the armature. The rotary valve uses an armature that is not mechanically
rcstriclcdto 120°of travel. Since the brushes are mounted 120°apart, Ihe brushes can contact
adjacent current-collector segments. If contact were to occur, Ihe current in the windings would
change direction and, in turn, reverse the torques applied by the windings. When the brushes contact
adjacent current-collector segments, overrun conditions occur (sec Appendix A). The two possible
overrun positions arc the overrun open (valve open) and Ihe overrun closed (valve closed) positions.
In the overrun condition, the torque required to hold the valve open is reduced. The torque needed to
hold the valve open when the control unit is sending a closing duty cycle while the armature is in the
overrun open position is about 4.5 oz-in. To develop this torque a mechanical sticking must occur.
Mechanical sticking could be caused by a bearing failure or a brush-current-col lector failure. In the
evenl of a bcuring failure, the mechanical sticking is developed by the binding of Ihe armature
bearings onto the support shaft. In the event of the brush-current-collector failure, arcing of the
brush and Ihe collector causes the brush to weld itself to the collector. Under both of these
mechanical failures, the valve would not return lo properoperation and physical evidence ofa
defective valve would remain after an SAI. Ifthe valve was in the overrun open position and all the
components functioned properly, the valve would always return to the commanded equilibrium
position.

A second type of failure would occur ifthe current collector deteriorated at some location that would
cause it to become insulated from the brushes (i.e., create a dead spot). The dead spot would interrupt
the flow of current being sent by the control unit. The resulting interruption in current would reduce
the torque produced by the winding and allow the return spring to return the armature to the neutral
position. As the armature starts to return to the neutral position, the dead spot is bypassed and the
current starts to flow again. This intermittent opening of the circuit would cause the valve to develop
large oscillations thai would produce engine surging and perhaps a premature fatigue failure of the
spring. It hasbeen reported by ODI thai some of the idle-stabilizer valvesreplaced by the recall
campaign (July 1986) caused engine surging up to 3800 RPM in neutral or park.

Ifthe spring failed due to large oscillations, the valve would still operate. Without the resisting
torque ofthe spring, Ihe valve would respond faster to the signals present and have a greater
tendency to enter the overrun condition. Figure 3-13 shows the condition where the valve is
commanded to fully close and the spring is broken. Ifthe valve started above the 94° position and
received the command to close, the closing torque of-8.3oz-in would change to an opening torque of
6.0 oz-in. Even with a closing signal, this change in torque wouldcause the valve to continue to open.
Ifthe spring were broken or defective and the valve was in the overrun open position, a normal
closing signal would continue to open the valve. Ifthe power were shut offafter an overrun condition
and the valve drifted to less than 94°,the valve wouldreturn to the broken spring operation. During
broken spring operationIhe engine might surge to a greaterextent than normal, without necessarily
seeming out of the ordinary. Testing the valve according to the Audi Factory Repair Manual could
show normal valve operation. This test checks the engine RPMat the 28 percent duty cycle as
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described in Appendix A. As shown in Figure 3-14,at the testing locationof 28 percent, the difference
in the valve ungle wilh and without the spring is about 2.0°. The mechanical slicking or Ihe
intermittent connection failures are easily detected by inspection or by the condition of the engine
idle. Of the three possible valve failures, only a broken spring failure could cause the valve to remain
fully open with the control unit sending a normal closingsignal, and then properlyoperate after the
power has been shut off. The standard tests used to determine Ihe valve's condition would nol detect a
broken spring unless in the overrun condition. Ifthe spring is broken, the chances of the valve
overrunning are high, causing multiple incidents tooccurwith a single valve. This is not typical of
SAIs.
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4. CRUISE CONTROL SYSTEM

4.1 INTRODUCTION*

Because the cruise control system iscapable ofopening the throttle plate fully, it wascloselystudied
and preliminary, limited benchtesting of four units was performed. Figure 4-1 summarizes failure
possibilitieswith the cruise control system. The cruise controlsystem maintains a constant vehicle
speedthat has been set by the driver through a computer control unit that monitors the difference
between the driver's preset speed andthe vehicle's actual speed. The control unit then adjuststhe
vehicle's speed byadjusting the engine's power. Enginepower is changed by adjustingthe throttle
position. A pneumatic system wasusedto openthe throttle plateonmodels from 1984 to the present.
Previous to 1984, someofthe vehicles usedan electrical system toopenthe throttle plate. The control
unit for the 1978 to 1983 modelswasan analogdesign. After 1983, the control unit was converted to a
digital design. The pneumatic system is covered in moredetail sinceit is still beingusedin the new
Audi 5000.

4.2 PNEUMATIC SYSTEM

Thecomponents ofthe pneumatic systemareshown in Figure 4-2. They include avacuum pump, a
vacuum motor, a mechanical air bleed, an electrical air bleed, the linkage, and the throttle return
spring. The pneumaticsystem of the cruise controlopensand closes the throttle plate. When a
vacuum is applied to the vacuum motor, the throttle plate opens. A decrease in vacuum allows the
return spring to close the throttle plate. The vacuum level is adjusted by the control unit. When
driving conditions demand an increase in vehicle speed, thecontrol unit activatesthe vacuum pump.
If adecrease in vehicle speedis needed, the controlunit opensan electricalair bleed that allows
atmospheric pressure into the system. As a result, the throttle plate closes. Fine control ofvehicle
speed can be maintained with this system.

When the brakes are applied, a mechanical air bleed and an electrical switch are activated. The
electrical switch sends a signal to the control unit to open the electrical air bleed and turn off the
vacuum pump, while the motion of the brake pedal mechanically opens the mechanical air bleed.
Immediately afterthe airbleedsareopened, the vacuumin the vacuummotoris emptiedandthe
throttle"plate returns to the fully closed position.

4.3 CONTROL UNIT AND SENSORS

The controlunit receives signals from the brake switch, an induction generator,and the driver's
operatingswitch. The control system is shown in Figure 4-3. Mounted behind the speedometer and
attachedto the speedometercable, the induction generatordevelopsa signal basedon how fast the
vehicle is traveling. Thedriver's operating switchturns thesystem onandoff,sets the vehicle speed,
andinitiates the resumefunction. The power to the cruisecontrol system is supplied throughthe
neutral safety switch and the operating switch. The neutral safety switch allows powerto the control
unit only when the transmission is either in drive or in second gear. If either the neutral safety or
operatingswitchis off, there is no power to the control unit. The electricalair bleedis normallyopen
when there is no powerto the controlunit. The set switch sendsa signal to the control unit to record
the current vehicle speedand activate the controlsystem to maintain this speed. The resume switch
sends a signal to the controlunit to restart the cruise system and maintain the last preset speed. The
control unit does not allowthese functions to be invokeduntil the vehiclespeedis above30mph. To
deactivate the cruise system, the brake pedal is depressedor the operatorswitch is turned off.
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4.4 POSSIBLE MODES OF MALFUNCTION

For thecruise control locause anSAI, the vacuum pump mustbe operating and both theelectrical
and mechanical air bleeds must be closed. The vacuum pump and the electrical air bleed arc operated
by thecontrol unit. Atotal malfunction ofthe control unit could open Ihe throttle plate and cause an
SAI; however, for this to occur, certain conditions must be met. The control unit issupplied power
through the neutral safetyswitch and theoperator switch. Therefore, the vehicle mustbeeitherin
drive or insecond gear, the operator switch must be on, and the brake pedal must not be depressed.
Ifany ofthese conditions are not met, no SAI could occur. After the SAI has occurred, drivers
typically report thatthecruise control system operated normally. In addition, SAI reports show that
theaccidents happen 50 percent ofthetime inreverse. There isno power lothecruise control in
reversegeareven with the operating switch on,unlessthe nculral safety switchis somehow
defective. Such adefect, however, would prevent thevehicle from starting atall.

4.5 CRUISE CONTROL BENCH TEST

Given thecase thatthevehicle was indrive and the brake pedal was not depressed, it istheoretically
possible that certain malfunctions in the cruise control could lead tothrottleopening. Inthe older,
analog controller used prior tomodel year1984, asingle open solder-joint in the final operational
amplifier circuitcould conceivably causethrottle opening. Other failure modesfor this controllerand
all failure modes for the microprocessor-based controller used afer 1983 would require two ormore
independent component failures to produce throttleopening. For suchfailures tocause a throttle-
opening incident and yet bedifficult to diagnose after the fact, they wouldhave to beof an
intermittent nature.

Inorder lotest for the possibility ofsuch intermittent failures, TSCconstructed anapparatus in
which Audi cruise controls could beoperated for extended periods oftimewithcontinuous monitoring
for fault conditions intheoutput circuits. Thistestjog consisted ofanAudi vacuum pump, ventand
servotogether witha power supply, appropriate switches for the"set,""resume" and"brake"inputs,
anda pulsegenerator to simulatethe input from the vehicle speed sensor. This jig wasplaced insidea
manual ly controlled oven so that it could be operated at a temperature of 150 F. because elevated
temperatures frequently precipitate electronic failures.

The status of the outputs to the vacuum pumpand vent valves was monitoredcontinuously by a
digital memory oscilloscope accessory attached to a personal computer. If either of the outputs
switched on, however briefly, a record of the anomaly was made.

Each of four Audi controllers (three micro-processor, one analog) was operated for two weeks in the
oven al 150 F. From lime to time additional thermal stress was applied by manually spraying the
circuit boards with freezing mist. During the two months oftesting, several anomalies with
durations of less than a tenth ofa second were recorded. These were probably caused by power surges
in the building electrical system (EMI)'. In no case could they have resulted in measurable throttle
opening. No faults ofany relevance to SAI were observed.
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5. TRANSMISSION

5.1 INTRODUCTION

Because of the direct link between the throttle valve of the engine and the kickdown valve of the
transmission, there is a possibility of the transmission, through the linkage, opening the throttle.
The transmission can only affect operation as described in this section in 1978through 1983 Audis;
1984and later models have reconfigured transmissions for which it is impossible to open the throttle
plate by the throttle valve. However, in Ihcse later models the transmission gearshift linkage could
possibly bind, which would also cause the throttle plate to open.

The following is a discussion of the linkage between the engine and the transmission, and the
opcralion of the automatic transmission. Figure 5-1 shows the linkage fault tree analysis.

5.2 ENGINE/TRANSMISSION LINKAGE DESCRIPTION

Figure 5-2 shows a schematic of the throttle linkage and the transmission gearshift linkage. The
throttle linkage consists of the accelerator pedal and lever, one cable, and five links. The
transmission shift linkage consists ofthe selector lever, a cable, and the shift lever on the
transmission. The solid arrows in Figure 5-2 indicate the direction ofmotion of the links ofthe
throttle linkage when the accelerator pedal is depressed and the dashed arrows indicate the direction
of motion when the gear selector is movedfrom the 'park' position into the 'reverse' or 'drive' position.

When the accelerator pedal is depressed the throttle cable is pulled, which, through five links, opens
the throttle plate. The accelerator linkage operating lever, to which the cable is connected, pivots
within the shaft of the gearshift linkage selector lever on the transmission. Figure 5-3 shows an
exploded view of the selector lever and shafl and the operating lever and how they are mounted on the
transmission. The selector lever is mounted on a hollow shafl that goes through the transmission
case. The shaft is held in place by a bushing bearing in Ihe transmission case and the manual valve
lever is mounted on the shaft inside the transmission. Both levers are fixed'to the shaft and when the
outside lever - the selector lever - is rotated, the inside lever - the manual valve lever - also rotates.
The manual valve lever then changes the positionofthe manual valve, which shifts fromone gear to
another. The operating lever is mounted on a solid shaft thai is held inside the hollow selector lever
shaft by a bushing bearing. Inside the transmission, the operating lever for the kickdown valve is
mounted on the operating lever shafl. Again,both leversare fixed to the shaft and rotate together.
The operating lever pushes in the kickdown valve; when the operating lever is rotated, the kickdown
valve is depressed and the throttle plate opens simultaneously. (The extent to which the kickdown
valve is depressed is an operating input for the transmission, and is discussed below.)

It is possible thai the operating levershaft could bind in the bearing insidethe selector lever shaft,
causing the twoshafts to move together. In this waythe gearshift linkage couldmovethe throttle
linkage. If this were tooccur and the transmission wasshiftedfrom park intoanyother gear, the
shift lever on the transmission would act to close Ihe throttle valve. Ifthe transmission was shifted
from driveintoneutral, reverse, or park, theshift leveronthe transmission would act toopen the
throttle plate.

Twodesigns have been used for the operating lever for the kickdown valve. In 1983and earlier
transmissions the lever washeldcaptivebythe kickdown valve,as shown in Figure 5-4,while in
1984 and latertransmissions the lever pushes on the end ofthekickdown valve, also shown inFigure
5-4, and the two are not secured together.
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For carsequipped with 1983 andearliertransmissions, it is possible for the kickdown valvelo pullon
Ihe kickdownoperatinglever, rotating the shaft and the accelerator linkageoperatingleveron the
outside of the transmission which, in lurn, through the accelerator linkage, wouldopen Ihe throttle
plate. Inorder for this to happen the kickdown valve would haveto malfunctionand pull itself in.
The operationof the kickdown valve is discussed in the following section.

5.3 AUTOMATIC TRANSMISSION

The automatic transmission inthe Audi5000 automobile iscomprised ofa torque converter andtwo
sets of planetary gears. The torque converter provides a fluid coupling betweenthe outpul shaft of
the engine and the input shafl of the transmission. The input shaft of the transmission is linked to
the outputshaftby the twoplanetary gear setswhich arecapable of producing three forward gears
andone reverse gear. These planetarygearsets canbeengaged in variouscombinations by three
clutches andone band which, in lurn, arc engaged ordisengaged to produce theappropriate gear bya
'hydraulic logic'unit called a valve body.

The operation of the transmission iscontrolled by the valvebody. Therearethree inputs to the valve
body: the manual valveposition, the governor line pressure, andthe kickdown valve position. The
position ofthe manual valveiscontrolled by theshift lever, thegovernor linepressure iscontrolled by
the speed oftheoutputshaftofthetransmission, and the kickdown valve position iscontrolled by the
throttleangle. Themanual valve forces the transmission intothe gear selected by moving the shift
lever to Iheappropriate position. The kickdown valveinconjunction wilh the governor controls the
speedat which the transmission shifts and the pressurelhal is appliedto the bandsand clutches.
When the kickdown valveis fully depressed and the manual valve is in the 'drive' position, the
transmission will downshift, either from 3rd gear lo 2nd gearor from 2nd gear to 1st. The
transmission may also downshift from 3rd to 1st gear.

The valvebody assembly iscomprised ofthreesubassemblies: the transfer plate, the separation plate,
and the valve body. The transferplatecontains pressure channels that allow the various pressures to
act on the valves in the valve body. The separationplatedetermines which pressurechannels in the
transfer plateareconnected tothe different pressure channels of the valvebody. The valvebody sub
assembly contains the valves that control the operation of the transmission and some additional
pressure channels. Figure5-5shows the orientation of the valve body,separationplate, and the
transfer plate.

5.4 DESCRIPTION OF KICKDOWN VALVE CIRCUIT

Figure5-6showsa simplified schematicdiagramof the fluidcircuit in the valve body that contains
the kickdown valve. There arc five valves included in the circuit with the kickdown valve: the
throttle limit valve (T.V. limit), the throttle valve, the line bias valve, the pressureregulator valve,
and the kickdown valve. This diagram is a simplified model that shows the valves that affect and are
affected by the kickdown valve when the manual valve is in the 'drive'or 'reverse' position. In these
positions, the valves normally function in the following fashion:

The T.V. limit valve decreases the line pressure to the T.V. feed pressure. The T.V. feed pressure is 85
psi ifthe line pressure is greater than 85 psi, and the T.V. pressure is equal to the line pressure if the
line pressure is less than 85 psi. Based on the throttle angle and the T.V. feed pressure, the throttle
valve adjusts the T.V. pressure. The T.V. pressure increases with increasing throttle angle, from 5
psi up to the T.V. feed pressure for a maximum T.V. pressure of85 psi. (The T.V. pressure and the
governor line pressure acton the 1-2 and 2-3 shift valves, determining 1-2 shifts and 2-3 shifts,
respectively.)
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The T.V. pressure actson the linebiasvalveto produce Ihe modulated T.V. pressure. The modulated
T.V. pressure is limited to u maximum of 30 psi by Ihe line bias valve.

The modulatedT.V. pressureand the manual valve position aclon the pressureregulatorvalve,
which produces Ihe line pressure. In efTecl, the pressureregulatorvalve increases line pressureas
the throttle plate angle increases, through the actions of the throttle valve and the line bias valve.
The pressure regulatorvalve alsoacts to limit the line pressure. This is the only valve in the circuit
thai behavesdifferently in reversethan in drive. Inreverse, the main line pressure is limited to 300
psi, while in drive it is limited to 130 psi.

The kickdown valve forces the transmission todownshift whenthe throttle plateis wideopen. Ifthe
transmission is in 2nd, il will downshift to 1st, and ifthe transmission is in 3rd gear, it will downshift
into cither 2nd or 1st, dependinguponthe speedof the vehicle. T.V. pressureand governorline
pressure act on the 1-2 and 2-3 shift valves, which determine when the transmission shifts. When the
kickdown valve is fully depressed, il allowsT.V. pressure to actona separatesectionof these valves,
causing the downshift.

Figure5-7showsa simplified schematicof the fluidcircuit in the valve bodycontaining the kickdown
valve, from a 1974transmission which is basically the same as the 1978model. The valves in this
valve body have nearly identical functions as the valves in the 1982valve body (the schematic of
which is shown in Figure5-4), but are placed in a different orderin the fluidcircuit. The only
difference is that the T.V. limit valve is placedafter the throttle valve, rather than before it as in the
1982 valve body. This means lhal the function of the T.V. limit valve is different, and that il acts as a
relief valveallowing fluid toescape whenever the pressure exceeds 85 psi. Undernormal operating
conditions, this has noeffect on the operationof the transmission. It shouldbe noted that il is likely
that similar kinds ofvariations probably exist for the same model transmissions made al different
times, and that these variations may not coincidewith different model years. The control
arrangement used in the Audi transmission is typical ofautomatic transmissions on recent model
cars, both domestic and imported, with the main variation perhaps being the order of the valves
within the corresponding fluid circuit.

5.4.1 Kickdown Valve Operation and Failure Modes

Due to the manner in which the kickdown valve holds the kickdown lever captive in the 1983and
earlier transmissions, it is possible for the kickdown valve to operate the enginethrottle by pullingon
the kickdown lever. The following is a moredetaileddescription of the kickdown valve, along with a
discussion ofpossible failure modes and their side effects.

5.4.2 Kickdown Valve Operation

Figure5-8showsa detailed schematicof the fluid path in the 1982 valve bodyand Figure5-9shows
an enlargement of the fluid pathabout the kickdownvalve and the throttle valve. Duringnormal
operation, the kickdown valve is depressed by the kickdown lever and in turn presseson the throttle
valve through the spring. T.V. pressure actson the face of the kickdown valve andon the right face of
the throttle valve. T.V. feed pressure acts in the chamber between the left and center faces of the
throttle valve. The net pressure force acts to push the valve out against the kickdown lever, and this
force increases as the throttle valve is depressed. Figure 5-10(a) showsa free bodydiagramof the
external forces actingon the throttle valve and the kickdown valve. The T.V. feed pressure,acting in
the chamber between the right and center faces of the throttle valve, exerts no net force on the valve
assembly becausethe pressurein the chamberis the same throughout, and the area that the pressure
acts on is the same on both the left and the right sideof the chamber. T.V. pressureacts on both the
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face of Ihe kickdown valve and Ihe right face (in the figure) of the throttle valve, but the area that Ihe
pressure acls on is greater at Ihe throttle valve, resulting in a nol force acting lo push this assembly
oul toward the kickdown lever. This force increases wilh T.V. pressure which, in turn, increases wilh
increasing throttle angle, as described above. The net pressure force is balanced by Ihe force exerted
by the kickdown lever.

5.4:3 Failure Modes

Since Ihe net pressure force acls to push the throttle valve outward (closing the throttle plate) under
normal operating conditions, a malfunction must occur which results in the throttle valve being
pulled inward. The throttle valve would have to become unable to resist the force resulting from the
T.V. pressure acling on the kickdown valve. This could happen in two different ways: the throttle
valve could slick in its bore, or the T.V. pressure could somehow be constricted or unable to act on the
right face of the throttle valve.

5.4.4 Stuck Valve

Ifthe throttle valve were to stick in its bore, the transmission could malfunction in several different
ways. Normally, the throttle valve producesT.V. pressure based upon the engine throttle opening.
Wilh the valve stuck in its bore, however, this pressure would no longer be dependent upon the
throttle opening. (T.V. pressure is used by the shift valves to determine when the transmission shifts,
and is used by the line bias and pressure regulator valves to determine line pressure.)

TSC has calculated that ifthe throttle valve was stuck in a position corresponding to its idle or near-
idle position, T.V. pressure would be 5 psi, and the kickdown valve would be pulled in 0.028 in (5 psi
acting on 0.072 sq in producing 0.36 Ib-f, which would depress the spring between the throttle and
kickdown valve, which has a stiffness of 12.7lb/in by 0.028 in). As a result, the gear changes would
occur at inappropriate times and the line pressure would remain independent of throttle position at
85 psi in drive or 140 psi in reverse. This would allow the clutches to slip ifthe car accelerated.

5.4.5 Inappropriate Pressure Applied lo Kickdown Valve

The pressure required to depress the kickdown valve fully can be calculated based on the dimensions
of the valveandthe stiffness ofthe spring. The distance the springtravels from a relaxed to fully
compressed position is 0.665 in; the spring stiffness is 12.7 lb/in. Figure 5-10(b) shows a dimensioned
drawingof the kickdown valve. It takes 117 psiof pressure actingon0.072 sq in tocompressa 12.7
lb/in spring for 0.665in. This pressureis Ihe minimum necessaryto depress the kickdown valve. It
does nolinclude the added resistance duetoIheexternal linkage, as the actual pressure necessary
would be greater. During normal operatingconditions, the pressure actingon the face of the
kickdown valveneverexceeds 85psi. Figure 5-11 shows the pressure variations actingonthe face of
the kickdown valve, with T.V. pressureas a function of throttle angledepression, for both reverse
and drive with the transmission engagedin 1st gear. This figureapplies to both valve bodies
discussed in Ihe previous section. At idle, 5 psi acts on the face of the throttle valve while at wide-
open throttle, 85 psi acts on the face of the valve.
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Two types of failures within the valve body of the transmission could result in pressure exceeding 117
psi being applied lo the face of the kickdown valve. A leak belween channels could either cause line
pressure to enter directly into Ihe T.V. pressure channel, or cause a valve to function in an
unintended fashion. In addition, it is possible for the pressure lo increase al the face of the kickdown
valve if one or more other valves in the valve body fail, allowing cither line pressure directly into Ihe
T.V. pressure channel or a pressure change in another channel. Some combination of these two types
of failures may also result in this increase in pressure. In all such cases, the throttle valve would
have to be stuck in its bore or Ihe T.V. pressure restricted from acting on the right face of the throttle
valve.

Because of the size of the pressure channels in the transfer plate and valve body (ranging from
approximately 0.100 to 0.310 in wide and 0.170 to 0.555 in deep), il would be difficult for a blockage to
occur. Ifsufficient debris were able to accumulate, there would cither be some evidence when the
transmission was disassembled, or other difficulties within Ihe transmission, such as stuck valves
would be delected. Furthermore, ifa constriction or blockage ofT.V. pressure to the throttle valve
were to occur, it would be more likely to take place in Ihe separation plate. The feed hole to the
throttle valve in the separation plate has a diameter of 0.087 in, and is more easily constricted than a
pressure channel.

IfT.V. pressure were nol allowed to act on the right face ofthe throttle valve, an unstable situation
would result. Wilh no T.V. pressure to balance the spring force, the throttle valve would move to the
right, allowing T.V. limit pressure into the T.V. pressure channel. This would cause the kickdown
valve to displace 0.211 in, which would open the throttle approximately 31 percent in 1983 and
earlier models. In addition, the line pressure would increase to its maximum (130 psi in drive, 300 psi
in reverse), and the gear shifts would occur at inappropriate times.

5.5 CONCLUSIONS

In the Audi 5000 from 1978 through 1983, the transmission could conceivably activate the linkage
and throttle plate in a shift from drive into neutral, reverse, or park. In these models, the throttle
plate could be opened by an unbalanced pressure ofat least 117 psi on the kickdown valve. An SAI
due to transmission activation of the throttle would require multiple failures, would be irreversible,
and would be easily detected after the fact. No evidence of such failures was found in vehicles
exhibiting SAIs by TSC or ODI investigators.
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6. BRAKE SYSTEM

6.1 INTRODUCTION

Aftertheonset ofanSAI, thedriver should be able tostop thevehicle bybraking. Drivers ofAudi
5000s involved in sudden acceleration report that the brake pedal wasdepressed but the vehicledid
notslop. On the assumption lhal thedrivers had properly applied thebrakes, the brake system was
evaluated toidentify any syslcm malfunction which would prevent thedriver from stopping thecar.
Appendix C supplies mathematical justification of the discussion to follow.

6.2 SYSTEM DESCRIPTION AND CHARACTERISTICS

Thestandard brake system on all Audi 5000s builtafter 1983 isahydraulic diskbrake system witha
hydraulic power assist. The disk brake system consists ofa master cylinder, hydraulic power assist,
rear-brake pressure regulator, brake fluid lines, and four caliper brake assemblies. Thehydraulic
power assistconsists ofa central hydraulic pump, brake andsteering fluid reservoir, a servo unit, and
a hydraulic fluid accumulator. The hydraulic power assist reducesthe amount of force the driver
must apply to the brake pedalto decelerate the car. (Priorto 1984,a vacuum assist was used.) As
shownin Figure6-1, the pedal force required to produce 0.3gofdeceleration is 22.5lb-f(100 N) wilh
the power assistand 90lb-f(400 N) without the power assist. The pedal forces required tohold an
Audi stationary with a fully open idle stabilizer would beconsiderably smaller since it produces 0.3 g
acceleration for only an instant.

Pressure in the power-assist system is developed in the central hydraulic pump, a constant
displacement, eight-piston pumpwith twoindependent hydraulic circuits. Power steeringis supplied
by six of the pistons; fluid for the brake hydraulicassist is suppliedby two pistons. The power
steeringandbrakecircuitsarebothsupplied wilh hydraulic fluid from the samereservoir. The pump
has a pressure-reliefvalve that bypasses the braking circuit when the pressureexceeds 155bars.
VWOA specifies that the valve shouldbe replaced when il opensbelow145bars. Pumpsare replaced
when the flow rate is below 5 cc/secat an engine speed of 850 RPM.

The pressure accumulator is a device which stores the pressurized hydraulic fluid to be used by the
servo assist. The central hydraulic pump restores the fluid level and pressure in the accumulator.
Without pump operation, enough fluid is stored in the accumulator for about 29 moderate brake
applications that produce 0.22 g deceleration each. Each lime the brake pedal is depressed, the servo
assist draws pressurized fluid from the accumulator. Pumping the brake pedal requires a large
volume of fluid. A pedal displacement of0.79 in (20.1 mm) removes 0.27 in3 (4.5 cm3) of fluid from the
accumulator and produces 0.20 bar (and produces aboul 0.22 g deceleration) ofbrake pressure. The
servo assist uses this fluid during braking and then passes it al low pressure to the reservoir. A
pressure-relief valve in the accumulator is designed to open at 150 bars when installed, and is
replaced when it opens below 140 bars. The pump delivers fluid to the accumulator as long as
pressure developed by the pump is greater than the pressure in the accumulator. When the fluid in
the accumulator reaches full pressure, the relief valve operates continuously until pressure drops
below designed accumulator pressure, allowing the hydraulic fluid delivered by the pump to drain to
the reservoir.

Loading time of the accumulator is defined as the amount of time required to raise the pressure in the
accumulator from the empty pressure to any specified pressure. The empty pressure is the
accumulator gas pressure when there is no hydraulic fluid present in the accumulator. Test data in
Figure 6-2, supplied by Audi, show the relationship between gas pressure versus lime during loading
of Ihe accumulator from emply pressures of30 and 80 bars. For these test results, it look 19 seconds
to load the accumulator from 80 to 144 bars, and 36 seconds to load it from 30 to 144 bars.

6-1



0>

r>J

1

2

1.9

1.8

1.7

1.6

«*••*1.5
13

1.4
1-
_l1.3
m

rf1.2

61.1
Z

O1
r-

20.9
UJ
_l
iu
U0.8
tu

O0.7 Ul
_l

U0.6
X
Ul

>0.5

0.4

0.3

0.2

0.1

0

3

HYDRAULICBOOSTER

20406080100120

PEDALFORCE(LB-F)

140

SOURCE:CalculatedbyTSCbasedonVWOAdatafromODI.

FIGURE6-1.VEHICLEDECELERATIONVERSUSPEDALFORCE

33

160180200

3



o.

150

••

140

130

120

110

100
<
m

Ul90
oe

r»

80
Ul

oc
a.

70
O
i—

•560
ZJ

•>
ID50
U

<40

30

20

10

0

TIME(SECONDS)

SOURCE:CalculatedbyTSCbasedonVWOAdatafromODI.

FIGURE6-2.LOADINGTIMEFORBRAKEACCUMULATOR



6.3 POSSIBLE MALFUNCTIONS

After Ihe onset ofan SAI, the driver should be able lo control the vehicle by braking. The severity of
the event depends on the driver's reaction and the brake system's condition. A total brake system
failure would be obvious after an incident. In order for the system lo completely fail, the hydraulic-
brake fluid must leak internally to Ihc master cylinder or leak into the environment. In such a closed
hydraulic system, evidence ofa failure would remain. A low fluid level in Ihe brake fluid reservoir
would indicate a leak somewhere in the system. When the master cylinder leaks internally, the
failure is almost always permanent and the brake system continues to be inoperable after the
incidenl.

The brake system is capable ofa temporary malfunction of the hydraulic power assist. Ifthe power-
assist system malfunctioned, the required brake-pedal pressure would be about 4.6 times the normal
(assist working) required braking force. Though this would make the system seemingly
unresponsive, il could, with enough force, still stop Ihe vehicle.

6.4 HYDRAULIC ASSIST MALFUNCTION AND RECOVERY

A temporary failure ofthe hydraulic assist is possible. If Ihc brake accumulator was drained fully on
start-up and the driver immediately shifted the vehicle into gear and pumped the brake pedal faster
than the central hydraulic pump could restore accumulator pressure, the assist would be inoperable
(degraded). However, given time, the pump would restore Ihe fluid level and pressure in the
accumulator and Ihe brake-assist system would operate normally.

6.5 EFFECTS OF A DRIVER OUTRACING THE HYDRAULIC PUMP

Drivers who have experienced sudden acceleration claim lhal the brake was inoperable during the
incidenl but operated normally after the incident. During the incident, the driver can brake the car
by depressing the brake continuously, or by rapidly pumping the brake pedal. Pumping the brake
could decrease the braking effectiveness with every pedal stroke. For this lo occur, the volume of
fluid being used by the servo must be greater than the fluid delivered by the pump. Eventually the
volume of fluid stored in the accumulator would decrease unlil the accumulator was empty, causing
the power assist to become ineffective. To determine both the number of pedal strokes and the
amount of time needed to produce this effect, it was assumed that the driver applied an average force
of 100 Ib-f to the brake pedal and depressed the brake pedal once every second. The pump delivery
rate depends on the engine speed. The worse case for the pump would be at idle (850 RPM) for the
lowest hydraulic fluid flow rate. The amount of fluid stored in the accumulator is related to the initial
gas pressure. The lower the initial accumulator gas pressure, Ihe more hydraulic fluid can be stored.
A typical accumulator gas pressure is between 30 and 80 bars; the accumulator should be replaced
when the gas pressure is below 30 bars. Foran initial gas pressure of80 bars with the engine at 850
RPM, it would take 18 seconds and 18 pedal depressions to drain a fully loaded accumulator.

After the accumulator is drained, brake effectiveness can be reduceddepending on how much ofeach
second is used in the motion of the pedaland how much is used to hold the pedaldepressed. When the
pedal is in motion, fluid is drawn from the accumulator;when the pedalis held stationary, fluid
pressure builds in the accumulator. When the accumulator oscillates between fully drained and
partially filled, theoretical brakedeceleration capabilities canoscillate between1.3 and0.36g. This
would make the brakes feel operativeduring onedepression and inoperativein the next, and would
continue with each pedal depression. When the initial gas pressureof the accumulatoris 30 bars, it
takes over 60 seconds and 60 pedaldepressions to get to the oscillation state. In these cases the
enginespeed is 850 RPM. Ifthe engine RPM exceeds 1000, the volume of fluid beingused by the servo
is less than the fluid delivered, making il very difficult tooutrace thehydraulic pump. In thecase of
a sudden acceleration, the enginemust produce enough power to movethe vehicle, andwould most
likely maintain an engine speed greater than 1000 RPM.
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Tooutrace the pump, the driver would have te maintain a pedal-pumping raleofgreater than two
limes per second withanaverage force of100 lb-ffor longer than 18 seconds. Pumping al this rate
would provide a severedeceleration unlil the accumulator wasdepleted. However, even with the
accumulator depleted, the application of this much force would step the vehicle.

6-5/6-6



ft

ft

ft

ft

ft

ft

ft

ft

ft

ft



DIMENSIONS, SPECIFICATIONS, AND FORCES RELATIVE TO THE AUDI DRIVING
ENVIRONMENT

7.1 OBJECTIVE AND APPROACH

The overall objective of this section is lo identify driver-related factors that may contribute lo or cause
driver errors and thereby produce SAIs. Two categories ofdriver-related factors are examined:

• the physical arrangement of the Audi driving compartment, including seats and pedals

• the characterislics which discriminate the Audi driver (especially Ihose included in
NHTSA's sudden acceleration complaint file) from drivers in general

In this section statistical comparisons arc made between physical measurements of the Audi driver's
environment and measurements ofthe U.S. passenger car fleet, and between the characteristics of
the Audi driver and nondifferentiated U.S. drivers. Correlations are on a fleet basis.

The Audi driving environment examined includes both the seating dimensions and the pedal
arrangements, measurements, and forces. Driver comparisons are made on the basis ofage, sex,
height, income, accident record, experience, and exposure (i.e., vehicle miles of travel per time unit).
These comparisons rely extensively on available dimensional data from vehicle manufacturers,
information provided by Audi, TSC measurements, two accident databases (the National Accident
Sampling System [NASS] and the Crash Avoidance Research Data File [CARDfile]), and survey data
from Ihe National Personal Transportation Study (NPTS).

7.2 THE AUDI DRIVING ENVIRONMENT

It can be hypothesized that a particular vehicle may have a relatively high frequency ofreported
errors for new drivers because the vehicle has a physical driving configuration which is substantially
different from previously driven vehicles. Studies by NHTSA (Perel 1983) and TSC (Hoxie 1984)
have indicated that driver unfamiliarity with a vehicle substantially increases the probability of
accidents. As noted below, the Audi 5000's SAIs occur early in the ownership cycle. In order to
explore whether drivers may have found the Audi's driving configuration unfamiliar, thereby
increasing the likelihood oferrors, comparisons were made between the Audi 5000 and other
vehicles' dimensions, specifications, and forces relating lo the seating and pedalarrangements.

Dimensions used for the seating comparisons are derived from the Society of Automotive Engineers
Recommended PracticeJ1100, MotorVehicle Dimensions. This practicedefines a uniform set of
interior and exterior dimensions for passenger cars. All dimensions are defined normal to a three-
dimensional reference system. Each dimension is assigned analphanumeric code which is composed
ofa prefixletter denoting the direction (W- width, II - height,andL- length) anda sequence number.
Jl 100 defines each ofthese dimensions and how they are to be measured. The interior measurements
of interesthere aredefined with theadjustable front seatin its rearmost normal drivingposition
resulting in the H-point (pivot center for the terso andthigh) beingpositioned at the seatingreference
point(SgRP). This SgRPis usuallyonenotch forward from the mostrearward position. The
manufactureruseseitheran H-point machine (athree-dimensional stick-likedummy)ora two-
dimensional drafting template. Inbothcases, the machine or'template is set to the 95th percentile
legsegments asspecified inSAERecommended Practice J826b. Dimensional comparisons, therefore,
are based on the same criteria.

TSC has available, inacomputerized database, complete dimensional data for all GM makes, models,
and body lines from 1975through 1983. Identical but less extensive data were also available for
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approximately 5,000 domestic and imported vehicles from 1965 lo 1975 and any vehicle with 10,000
or more registrations in model years 1975,1979, or 1980 (100 to 150 vehicles per model year).
Identical data were provided by Audi for their 5000 model in two sels: 1978 through 1983 and 1984
through 1986.

TSC determined themeans, standard deviations, and maximum and minimum values for the
available dimensional data, and compared them to the same measurements provided by Audi. These
comparisons were made using the"T"value, which isthedimension from theAudi (or similar
vehicle) minus the mean of the same measurement from the data set to which the Audi is being
compared, divided by its standard deviation.

In addition lo ihe aggregated dimensions ofthe U.S. fleet, the Audi dimensions were compared to
those ofthree 1983 Cadillac models whose dimensions were available in the TSC database. These
vehicles were three 1983 Cadillac models selected under the assumption that they would be
purchased by buyers from the same economic strata and could represent the type ofvehicle the Audi
purchasers may beaccustomed to driving.

Table 7-1 shows comparisons for the data describing the two Audi models with GM aggregated
dimensional data and data for the three Cadillac models (the Cimarron, asmall, front-wheel-drive
"European-type" road car based on the J-body line; the Eldorado, afront-wheel-drive luxury coupe;
andthe DeVille, a large, rear-wheel-drive luxurysedan).

In theT tables (Figures 7-1 and 7-2), the two Audi model-year groups and three Cadillacs are
compared toall GM models. (These GM models represent approximately 50 percent ofthe
automobiles on the road in the U.S.)

The T values show that ofthe 25 seating attributes that were compared, only 5attributes ofthe 1978
lo 1983 Audisand 7 of the 1984 lo 1986 Audiswere within 1standard deviation of the mean ofall GM
vehicles,* whereas 50 to 75 percent ofthe Cadillac seating attributes, depending on the model, were
within I standard deviation. Six Cadillac measurements were outside oftwo standard deviations,
whereas ten Audi measurements were three to five standard deviations from the mean. Among
Cadillacs, the Cimarron is theclosest to the Audi, whereas the DeVille is the farthest. The DeVille is
the best fit lo the overall GM data.

With respect to individual measurements:

•

•

The seat in the Audi is much harder than in the standard GM vehicle (H32).

The Audi floorcovering is much thicker (1167).

• The Audiscat haslessrise(1158) than the standard GM seatwhenadjusted from the
rearmostsealing position to the foremost. The Audi seat is significantly higher than
the standard GM seal,but whenmoved forward toaccommodate a smallerdriver, the
seat rises less than a standard GM seal.

• The hipangle(\A2)of the 1978 to 1983 Audi is much greaterthan the aggregate.

Assuming Ihe data are normally distributed, a measurement which is more than one standard
deviation from the mean is either larger or smaller than 84 percent ofall the measurements on which
the mean is based. A measurement two standard deviations from this mean is larger or smaller than
97 percent of the cases.
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TABLE7-1.COMPARISONOFGMFLEETANDSELECTEDAUDIANDCADILLACDIMENSIONS

GMCADILLACSAUDISTVALUESTVALUES

SAEDIMENSION

MeanSCimEldDevAudi84Audi78CimEldDevAudi84Audi78

H32SeatCushionDeflection83.79.7102.078.081.030.047.01.89-.59-.28-5.54-3.78

H67FloorCoveringThickness14.46.916.08.06.037.037.0.23-93-1.223.28328

H58H-PointRise22.93.728020.019.011.011.01.38-78-1.05-322-322

H30H-PointtoHeelPoint219.0230256021702320291.0255.0161-09.573131.57

L17H-PomtTravel155.4224192013901390216.0216.01.63-73-732.712.71

H13SeatWhtoCenterThigh93.910.772.091.070066.030.0-2.0527-2.23-2.61-5.97

H54D-PointtoTunnel54.123.5132064.0-2.303.31.42-2.30-2.30

153H-PointtoHeelPoint88001848660899086708450810.0-.76103-.71•1.90-3.80

L7Steering-wheelTorsoClearance345.11763680350035203780379.01.3028391.87193

113SeatChairHeight275.620.2330.0301028203110307.02.691.2632175155

W9Steering-WheelDiameter385.19.0399.0394.0394.0400.0400.01.54.99.991.661.66

WI6SeatWidth1156.9327.6512.01259.01347.0630.0565.0-1.97.3158-1.61-1.81

L14SeatThicknessatCenter151.328.896.0125.0156.0107.0120.0-1.92-.91.16-1.54-1.09

W7Steering-Wheel.Cent,toCent.Car377.131.5310.0360.0401.0331.6330.0-2.13-.54.76•1.44-1.50

HS6D-PointtoFloor157.123.91590171.0182.01900160.0.08.581.041.38.12

L40BackAngle2631.025.026.526.525.023.5-1.30.20.20-1.30-280

L9SeatDepth491.73024930545.0457.0460.0483.0.041.76-1.15•1.05-29

L52BrakePedaltoAccelerator81129.362.062.057.052.037.0-6S-.65-.82-.99-1.51

L44KneeAngle12803.51275132.5125.5124.6115.3-.14129-.71-.97-3.62

L34Max.Eff.LegRoomAccel.107S.312.41072.0108801067.01064.01028.0-.27102-67-.91-381

1.42HipAngle97.22.098599.597599.089.4651.151589•388

W20CenterOccup.toCenterCar366.418.8334.0351.038103500350.0-172-8278-87-.87

..'3Brake-PedalKneeClearance617.031.7601.0631.06190600.0592.0-.50.4406-.54•79

L46FootAngle87.61.687.087.087.087.087.0-.38•38-.38•38-.38

H18Steering-WheelAngleVertical20.018.319.021.420.2.

Cim=CadillacCimarron
Eld=CadillacEldorado
Dev=CadillacCoupDeVille
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• Themaximum effective leg room lo the accelerator (L34) ofthe 1984 to 1986 Audi is
wilhin 1standard deviation ofthe GM mean, but thai ofthe 1978 lo 1983 Audi is sig
nificantly different (3.8 T).

• The steering wheel (nonadjuslable in the Audi) isalso closer lotheccnterline ofthe
thigh in ihe Audi than in a standard GM vehicle (1113).

Table 7-2 compares a limited number ofIhe Audi interior dimensions to other available databases
The first three sections ofthe table compiled by TSC (VEH 75,79, and 80) compare the Audi to over
100 ofthe most popular domestic and imported vehicles in each ofthose model years. In the
VWAITS table, the same Audi dimensions are compared to 4,000 1965 through 1975 domestic and
foreign vehicles. Of interest is the similarity between the VWATTS and the VEH 75,79, and 80
derived means from year toyear, and lothe previously discussed GM data.

The only dimension in these sets thai appears to change with time is the H-point travel (longitudinal
seal travel), which has increased from amean of129.5 mm intheVWATTS(1965 to1975) to 154 9
mm in the 1980 database. The Audi's H-point travel is 215.9 mm. It is interesting to note that the
smaller cars appear to have alonger seat travel. (GM's post-1980 front-wheel-drive J-.X- A- andF-
body lines have aseat travel of190 mm.) This probably reflects aneed to make the smaller cars more
accommodating.

As most Audi 5000s have eight-way adjustable power seals, the seating arrangement was further
investigated by using three individuals who approximated a5th percentile female (59.5 in height) a
50th percentile male (68.8 in), and a95th percentile male (73.2 in.). The subjects were instructed to
adjust the seat lo acomfortable driving position and drive the vehicle to confirm or readjust their
selection. The subjects were photographed (Figures 7- 3through 7-5) and their comments solicited.
The 5th and 50th percentile subjects described their seating accommodation as very comfortable ("one
ofthe best ever encountered"). The 95th percentile subject found that leg and knee room was limited,
even with the seat in its most rearward position. This subject also felt that this could affect the pedal
activation.

Although these three subjects found thecar tobe accommodating, other Audi owners and drivers
contacted commented on the fact that the steering-wheel and seat centerlines were displaced, with
the steering wheelbeingto the right of the centerof the seat.

Table 7-3 shows pedal dimensions, and the driver's lateral placement with respect to the steering
wheel. For 31 1983 through 1987 vehicles, examplesof these measurements for individual vehicles
can be found in Appendices Eand F. In Appendix E, the data are presented from 84 1973 through
1981 domestic vehicles. Appendix Fprovides data for 75 1982 through 1985 vehicles.

These data are combined and compared using theT value in Figures 7-6 through 7-8. They indicate
that significant changes have takenplace in pedal dimensions and arrangements from 1975 to 1987.
Ascan be seen in Table 7-4, these differences are more evident in the means for each ofthe previously
mentioneddata sets. (TheCadillac comparisons wereused for the reasons notedabove.) These
trends indicalc that the rightsideofthebrake pedal hasbeen moved further tothe rightin relation lo
the steering wheel; the brake pedal isalso slightlynarrower, and its length is increasing. Inaddition,
there appearsto bea slight increase in accelerator-pedal width anda significantdecrease in its
length. The distance from the accelerator pedal to the centerfloor humpis increasing, reflecting
downsizing and the switch to front-wheel drive. (In fact, insome vehicles, thecenter humpis no
longer evident.) This can be seen in a comparisonof 1979and 1985Cadillacs.
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TABLE7-2.COMPARISONOFOTHERINTERIORDIMENSIONALDATABASESTOTHEAUDI

Databaseand

SAEDesignation
Dimension

VEH75

L34MaximumEffectiveLegRoomAccelerator

H30H-PointtoHeelPoint

L17H-PointTravel

H1BSteering-WheelAngleVertical

L40BackAngle

VEH79

L34MaximumEffectiveLegRoomAccelerator

H30H-PointtoHeelPoint

L17H-PointTravel

Steering-WheelAngleVertical

140BackAngle

VEH80

L34MaximumEffectiveLegRoomAccelerator

H30H-PointtoHeelPoint

L17H-PointTravel

H1BSteering-WheelAngleVertical

L40BackAngle

VWATTS

L34MaximumEffectiveLegRoomAccelerator

H30H-PoirfttoHeelPoint

L17H-PointTravel

H1BSteering-WheelAngleVertical

L40BackAngle

#ofCasesMeanSDMin.Max.Audi1984

1171066.822.9975.41120.11061.7

106210.817.8154.9276.9289.6

117134.612.7114.3165.1215.9

10320.93.014.426.421.0

11026.10.924.033.0250

1011069.325.41016.0111S.11061.7

107213.425.4152.4261.6289.6

106144.820.376.2190.5215.9

10722.47.115.046.821.0

10725.71.523.033.025.0

921069.325.41000.81115.11061.7

91223.527.9154.9279.4289.6

92154.930.50.0198.1215.9

8922.17.115.050.621.0

9025.71.124.033.0250

41661069.317.3591.81160.01061.7

3872215.915.296.5287.0289.6

3227129.512.796.5248.9215.9

81721.62.714.359.621.0

84326.19.40.297.025.0



FIGURE 7-3. 5TH PERCENTILE FEMALE (59.5 IN) IN AUDI DRIVER'S SEAT
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FIGURE 7-4. 50TH PERCENTILE MALE (68.8 IN) IN AUDI DRIVER'S SEAT
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FIGURE 7-5. 95TH PERCENTILE MALE (73.2 IN) IN AUDI DRIVER'S SEAT
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TABLE7-3.PEDALDIMENSIONSANDDRIVER'SLATERALPLACEMENT(mm)

MAKE/MODELYRC1TC1BE2F3X4TX4BX12A13

PONIIACGRANDAMBS47635715127006350111.131206531.7512224

ISU7UIMPULSE8349714921146056668107.95107.95-63512.70

fORDMUSTANG84317S317513653508082.556668•47645.40

CADIllACCOUPEOEVIUE87508060.331301853.9813653120.65-14299049

CHRYSLERIEBAHRONGTSTURBO8'444553.98111.136033139.70139.703186668

DODGELANCER8/508050801079560.33142.88142.88007936

BUICKELECTRASEDAN86SO8057.15110.18S0.80130.18120.65-28.5810233

CHEVROtETCELEBRITYWAGON8657.15698513335SMS139.70107.950010947

SABIEGSWAGON8/635069.851333573031206S120656359208

PONIIACriEROBS508057IS127.00444595.2579.3831862.71

CHRYUERRELIANTWAGONBSSO80SO60107.9557.1513970•397095310160

AUDISOOOS8S46044604117.48666810160762012703175

VWQUANTUMGIS8'476347.6310160S398809677791568II11

HONDAACCORDOX8750805396119066985149.7313016158811011

IOHDLID8630.1630.16146.0560.33101.6085.73-11.112762

AUDIS000CSTURBO85S3n53.9898.43666810160762019051270

j»UDI40UDSH.ltIINI8b4/.t>347.63101605398809b809631/54445

|AUDISOOOS87460446.04117.486668101.60762017.4633.34

1IIOMDJACCORDIX85444553981206553.98HO16123B322239131

1VWGOlf8'412841.28104.7865.0980.9660.3319.0541.28

iCHRYSLERLANCER85539853.98111.1360.33136S3136.53-3.187620

TOYOTACHESMIia82444544.45111.1}635012065120.654766509

NISSON300ZXBS508050.801SB.7569BS114.308573•40-7.S4

VOIVOG14D00H83349347.63'123.8376.2012383123BJ-3183016

PONIIAC6000S1E6657.1569.85133.356033146051238395312224

CHEVROLETCHEVEIUBS31.75J1.7S69.8563SO603344.4S36516.JS

KINAUllALLIANCE8344.4544.45III136350104.78104.78190S444S

CIUVROLEICAVALIERRS87476357.151270063.50111.1395.25•90S95.25

CADIllACBROUGHAM8753.9876.20222.2560.3314605127.0028.5833.34

CHEVROIEICAPRICECLASSIC8757.157303155.586033146OS12700•285833.34

CADIllACSEVILLE8757.1566.681301863.50142.88127.00•28SB127.76

MAXIMUM

MINIMUM

MEAN

STANDARDDrvlAIION

63.5076.20222.2576.2014923142883651127.76

301630166985444560334445-2858•754

4803S3OS124.9061.30117.01105496.3461.79

775114025166787387264317003845

LEGEND

Cll'ACCUII'lbAlWlblllAIIOC

C1IsACCIIPIDAlWIDIHAIHOI10M

E2=ACCElPEDAlLENG1H

13»BRAKEPEOAlLENGTH

X4I=BRAKEPEDAlWIUIH1HAlTOP

X4BaBRAKEPEDAlWIDIHATBOIIOM

XI2aSEAICENTOSTWHEElCEN

AI3eSTWHEELCENTORIGHTSIDEOFBRAKE

PEDAl
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DimensionCodesDescribedinTabic7-3
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TABLE7-4.AVERAGEPEDALDIMENSIONS(mm)COMPAREDTOAUDI5000ANDSELECTEDCADILLACS

ATTRIBUTEMODELYEARNHTSA/ODI

75-8183-87

TSC

84-85

AUDI

50005000

78-8384-86

CIMARRON

83

CADILLAC.

COUPEDEVILLE

7885

ELDORADO

7985

ASteeringWheeltoRightSideof
BrakePedal

28.361.758.615.734.037.332.063.580.076.2

X4TBrake-PedalWidth~111.2112.8110.088.9
—...

129.3
—

194.6

BHorizontalPedalSeparation71.567.880.560.360.273.063.563.057.1
...

CAccelerator-PedalWidth54.750.549.051.653.250.079.052.378.063.5

D1AcceleratorPedaltoTopEdge
Hump

17.2
—

53.030.257.9
—

18.0
—

66.0124.0

D2AcceleratorPedaltoBTMEdge
Hump

13.4
—

41.830.236.1
—

12.0
—

58.070.0

EAccelerator-PedalLength154.5125.0132.582.5103.1123.9233.0137.0195.0190.0

FBrakePedal-Length51.661.258.365.067.947.561.065.867.065.0

G1VerticalPedalSeparation0lb62.3
—

69.352.348.788.169.086.666.072.9

G2VerticalPedalSeparation20lb17.5
—

32.029.417.542.941.042.919.050.8

G3VerticalPedalSeparation75lb-7.6
—

-55.1-58.6-47.1•66.021.0-67.0-2.0-72.9

TotalTravelG1-G369.9
—

124.4110.995.8154.148.0153.668.0145.8



Anothersignificantchange which hasoccurred is in the brake-pedal "feel"andtravel underidentical
applied forces. The older (1975 to 1981) "full-size" cars hadsignificantly "harder" power brakeswith
much less total travel. The mean pedal travel for these vehicles (engine running) with 75 lb. of
applied force is 69.9mm, whereas the total travel for 1984 to 1985 vehicles is 124.4mm. Again, a
comparison ofoldandnewCadillacs dramatically illustratesthis change. The 1978 DeVille's brake
pedal only traveled48.0 mm (less than 2 in)with75 lb.of force, whereas the 1985 model traveled
153.6mm. By way ofcomparison, Audi has increasedthe hardnessof its brakes; the 1978to 1983
Audi was 110.9mm at 75 lb., and the 1984to 1986Audi had95.8 mm of travel. (Note: This difference
may reflect vehicle-to-vehicle measurementdifferences andnotdesigndifferences.)

The Audi'spedal dimensions andlocations are,with a few notable exceptions, similar to the vehicles
found in the 1984 to 1985 data, both domestic and imported, but significantly different from older
domesticvehicles. The exceptions are the distance from the right sideof the accelerator andbrake
pedal to the steering-wheel centerline, which waslessthanthat found in the aggregate, andthe
shorter length of the accelerator pedal.

In the 1985 Audi, for example, the distance between the steering-wheelcenterline and the right side
of the brake pedal was1.25 in, whilethe meandistance from steering-wheel centerlineto the right
side ofthe brake pedal in the 1983to 1987ODIdata set was 2.43 in (SD = 1.5).

The Audi accelerator pedal is further from the center hump than other vehicles (some front-wheel-
drive vehicles have indistinguishable humps). Table 7-5compares someother Audi pedaldimensions
to newer domestic and foreign vehicles. These dimensions are not available for older vehicles. Of
interest here are the acceleratorand brake-pedal heights. The averageaccelerator-pedal height for
all vehicles in the databases previouslyreferenced is 71.0 mm, whereasthe Audi was 139.0mm in
1983and 110.0mm in 1986. Comparable numbers for the brake-pedal heights are 147.3 mm for all
vehicles and 168.0mm and 152.0mm for the Audis, respectively. These results indicate that the
Audi accelerator pedal is significantly higherthan that ofothervehicles, whereas the brake pedal is
similar in height.

There are noautomotive industry standards for pedal arrangements and forces. However,the
dimensions and forces recommended foruse in military systems (Vancott et.al.) are given in Table
7.5. Comparisons of these dimesions with thoseof Audiandthe U.S. fleetagainindicate that the
Audibrakepedal, though somewhat smaller thanoptimum, is notsignificantly differentfrom the
overall fleetaverage. The accelerator pedal, however, is significantly shorterandhigherthan both
the optimum and the overall fleet average.

Insummary, the Audidrivingcompartment isdifferent from that encountered in olderforeign and
domestic vehicles and, to a lesser degree,newer domesticvehicles. On the average,only 6 Audi
seating attributes outof22were within 1standard deviation ofthe mean for allGM vehicles from
1975 to 1983. The Audiseatis higher andharder thanthe equivalent domestic vehicle, andthe floor
covering is thicker. In adjusting theAudi seattoaccommodate asmall driver, thekneeangle and
seatdepth are less thanoptimum and maycontribute toacompromised driving position. The
centerlineof the Audi seat is displaced to the left ofthe centerline of the steeringwheelby less than
20mm,although some drivers complained about themisalignment ofthesteering wheel. Subjects
representing 5thpercentile females and 50th and 95th percentile males were tested inthevehicle and
found theeight-way power seat tobevery accommodating. The only complaint was thelack ofleg
room for the tall male.
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TABLE 7-5. FLOOR PEDAL DIMENSIONS

Audi

BRAKE •

Avg.
AM 78-83 84-86

Width 102 mm 112.0 100.0 88.9

Length 76 mm 57.0 65.0 67.9

Height 203 mm 147.3 168.0 152.0

Force in Normal Operation 4 to 30 lb/ft — _ _

Normal Travel 50 to 150 mm 97.1 111.0 96.0

ACCELERATOR

Width 89 mm 51.4 51.6 53.2

Length 250 mm 137.3 82.5 103.1

Height 76 mm 71.0 139.0 110.0

Force 6 to 9 lb/ft — — —

Normal Travel 20° ._ _. —

HORIZONTAL PEDAL SEPARATION

76 mm 70.0 80.5 60.3
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Recent research, funded by Audiandconducted by Rogers andWierwillc (1988), indicated that
differences in pedul configurations can beassociated with large differences in pcdul-use errors. In
this study, onlythe frequency ofrelatively minor errors had astatistically significant relation lo
pedal configuration. (The frequency ofserious errors observed during thecourse ofthestudywas too
low to be tested conclusively.)

The pedaldimesions and forces may be of particular interest because the basicclues a driver uses lo
determine which pedal he or she is depressingarc:

• the absolute andrelativeheightof the brakeandaccelerator pedals

• the force deflection characteristics of the pedals

• Ihe lateral location of the accelerator andbrake pedals relative to eachother and to
landmarks such as the steering-wheel centerline and the centerhump.

In the 1978 to1983 and 1984 to1986 Audi 5000, anumber ofthese dimensions are outside therange
of those found in the U.S. vehicle fleet for the periods when the Audi vehicle was marketed. It can be
speculated that the nonconformity ofthe Audi dimensions to other vehicles in the U.S. fleet
contributes to the likelihood ofpedal misapplication.

Acomparison of the Audidimensions and forces lothe U.S. data lends support tothe hypothesis that
adriver who is familiar wilhanolder domestic vehicle may find theAudisealing and pedal
arrangement tobedifferent, thereby increasing the likelihood ofstepping onthe throttle pedal rather
than the brake in a panic situation.

7.3 DRIVER FACTORS

Inthis section, the characteristics ofdrivers involved in SAIsand the driving conditions underwhich
SAIs occur are discussed.

Onepossible reason that Audi 5000s areoverrepresenled with regard to SAIs is that Audidrivers
may havebeendrawnfrom a population ofdrivershavingmoreof these typesofaccidents. The
likelihood ofan individual beinginvolved in anaccident maybestatisticallyrelatedto factors suchas
the driver's age, sex,and height; the familiarity ofthedriver wilhthe vehicle; andthe frequency of
exposure of the vehicle to situations wherein such accidentsarc likely to occur. To better understand
the influence of factors suchasdrivercharacteristics andsituational exposure, TSC compared the
Audi incidents to accidents found in the NASS and CARDfile traffic accident databases.

Accident databases where chosen because of Ihe lack of traffic-related incident databases. Incidents
and accidentsare both unintended phenomena,and although the Audi SAIs did not always result in
an accident, the potential similarities in causation make the comparisons that followvaluable in
understanding the problem.

Audi driver characteristics such as age, sex, and height are considered fora number ofreasons. (See
Section 7.3.2 for a detailed discussionofdriver height.) It is known that driver age relates to accident
rate. Numerous studies have indicated that both the youngest and oldest drivers are over-involved in
accidents. In terms of frequency, males are responsible for far more than halfofthe total accidents.
However, in terms of exposure (i.e., accidents per vehicle mile oftravel as implied by NPTS data), the
rate for men and women is approximately the same. This is becausemen drive twice as many miles
as women. Exposure is, ofcourse, a much more complex factor than miles driven. It involves
considerations such as traffic density, weather conditions, time of day, and trip length. All of these
factors relate to the economic situation ofthe buyer or driver and the use to which the vehicle is
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subjected. Finally, driver height is of value in relating driver-size characteristics to the interior
compartment and pedal measurements that were discussed in the previous section.

7.3.1 Age and Sex

Table 7-6 gives the age and sex distribution ofdrivers involved in Audi SAIs and compares them to all
drivers involved in Audi accidents in the slate ofTexas in 1984 (from CARDflle) and drivers involved
in all accidents in 1984 (from both NASS and CARDflle). (Note that the Texas accidents may include
sudden acceleration-caused accidents.) NASS and CARDfile both show that young male and female
drivers are overrepresenled in accidents. However, males are involved in twice as many accidents as
females. Male drivers under 30 are involved in approximately 30 percent of the accidents. Females
follow these same trends, but at one-half the rate. The incidence ofaccidents then decreases in middle
age and increases slightly wilh old age. In total, males account for more than 60 percent of the
accidents.

When 704 Audi accidents in the state ofTexas were examined, a somewhat different picture appears;
male drivers under 30 were found to be involved in about 20 percent ofall accidents and females
under 30 in about 18 percent of the accidents. The middle ages (30 to 50) show an increase m both
male and female accident involvement, accounting for approximately 25 percent each. Males were
responsible for 53.0 percent and females for 48.8 percent of the Texas Audi accidents. These trends
are more evident in the SAI figures. Male and female drivers under 30 years ofage account for only
3.6 and 5.3 percent of the incidents reported to ODI. Middle-aged drivers (30 to 49 years ofage) were
involved in 15.5 and 27.8 percent ofthe incidents (males and females, respectively). Older (over 50)
drivers, both male and female, are also overrepresented relative to all accidents at 20.8 and 24.3
percent. In total, male drivers reported 39.9 percent of the SAIs and females 57.4 percent, almost the
opposite ofoverall accident patterns.

Assuming female drivers are not inherently less safe drivers (they are not more likely to be involved
in traffic accidents in general than males), factors other than driver skill are likely to contribute to
female over-involvement in the Audi SAIs. These factors include the age and sex of the Audi 5000
buyer and driver populationas comparedto the general population,the type ofdriving done in the
Audi (exposure ofthe driver and vehicle) as a function ofage and sex, and the drive cycle ofthe
vehicle (trip length and frequency).

According to Audi, the average Audi buyer is a middle-aged male in an upper economic bracket. This
suggests that the age of the driver in Audi accidents and SAIs should be higher than forall drivers'
accidents. In order to test this hypothesis, Ihe Audi accidents werecomparedto those ofthe Cadillac
Coupe DeVille in Texas using 1984 CARDfiledata (Table7-7). This comparison assumes that the
buyers ofAudis and Cadillacs are from similar economic and age brackets.

Approximately the same sex distribution was found in ihe Cadillac and Audi accidents inTexas, with
malesslightlyoutnumbering females. Both vehicle models aresomewhat underreprescntcd in young
driver accidents when compared to NASS.

Audi accidentsare highest in the 20 to40 agebracket (forboth males and females), whereas the
Cadillac is higher in the over60agebracket, perhaps reflecting a slightlyolderdriverof the Cadillac.
These results indicate that accident ageandsexdistribution is influenced by the economic situation
ofthe buyer or driver and that either females from better economic circumstances are more
frequently involved in accidents (an unlikely hypothesis) orthat, proportionately, women are more
likely todrive thesetypesof vehicles. Although these economic factors partly explain the over-in
volvementof middle-aged andolder women in SAIs, it would appear that other factors arealsoat
work.
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TABLE 7-6 AGE ANDSEX OF INCIDENT-AND ACCIDENT-INVOLVED DRIVERS

Age Years

Audi

%

SA*

l

Audi All

%

NASS'

%

• ** CARDfile

%

M F M F M F M F

<20 0.3 0.3 4.7 3.9 9.3 4.8 9.1 4.7

20-24 1.3 1.0

16.0 14.4

12.3 6.0 12.4 6.0

25-29 2.0 4.0 8.8 4.8 9.9 5.0

30-34 2.0 4.0

17.0 19.6

6.2 4.0 7.4 4.1

35-39 4.6 8.6 5.6 3.4 5.6 3.3

40-44 3.6 8.6

8.2 6.3

3.7 ' 2.4 4.0 2.3

45-49 5.3 6.6 3.0 1.6 3.0 1.6

50-54 4.0 9.2

5.0 3.3

2.4 1.1 2.7 1.4

55-59 5.6 5.6 2.5 1.5 2.6
•

1.3

60-64 6.6 3.6 2.5 1.6 2.7 1.1

65-69 2.6 3.3 2.1 1.3 1.8 0.6 1.5 0.8

>69 2.0 2.6 3.0 1.5 2.4 1.4

Total 39.9 57.4 53.0 48.8 61.1 33.3 63.3 33.0

* SA - Sudden acceleration

** Assumes unknowns are distributed the same as knowns
*** Excludes those where sex is unknown
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TABLE 7-7. COMPARISON OF AUDI AND CADILLAC INCIDENTS

Age Years

AudiSA*.

%

Audi All

%

Cadillac

%
NASS**

%

M F M F" M F M F

<20 0.3 0.3 4.7 3.9 3.4 1.9 9.3 4.8

20-29 3.3 5.0 16.0 14.4 9.5 5.7 21.1 10.8

30-39 6.6 12.6 17.0 19.6 9.3 9.3 11.8 7.4

40-49 8.9 15.2 8.2 6.3 9.0 9.7 6.7 4.0

50-59 9.6 14.8 5.0 3.3 9.2 8.6 4.9 2.6

>59 11.2 9.5 2.1 1.3 13.4 10.7 7.3 3.7

Total 39.9 57.4 53.0 48.8 53.8 45.9 61.1 33.3

* SA - Sudden acceleration

** Excludes those where sex is unknown
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One olher factor lo consider isexposure, based on vehicle miles traveled and drive cycle. Vehicle
miles traveled, in turn, are also rclulcd to driver ago,sex, and income. Previousstudies have shown a
slightbutconsistent ovcrrcprescnlation ofmiddle-aged females based upon accidents per miles
traveled (Figure 7-9). Males and females are comparable onthisbasis, which isexplained by the
difference by sex of vehicle miles traveled.

The 1983-84 NITS indicated that the average annual miles driven bymales was 13,962 and by
females 6,382. These mileage figuresare alsoassociated with income. The NPTS shows that the
average annuttl mileage for households with more than $40,000 income (average Audi/Cadillac
owner) was 11,706 miles, as opposed to the overall uveragc of 10,288miles (no sex distribution was
available). The NPTS also indicates that87percent ofhouseholds withanincome of$40,000 ormore,
which would include theaverage Audi/Cadillac owner, own two ormore vehicles (average = 2.6
vehicles). Thedrivers in thesehouseholds aretherefore probably exposed totwoormore different
vehicles.

The type of driving couldulso boa factor in the apparentover-involvement of females in the Audi
SAIs.

Approximately 70 percent of the vehicle trips and 65 percent of the vehicle miles of travel are related
to family business and socialand recreational affairs. Tables 7-8 and 7-9 from the NPTS show that
females makeslightlylesswork-related tripsand more family-related trips. In fact, more than80
percent of female driving is notwork-related, while about 70 percent of themales' tripsarcnot
related towork. This non-work- related 80 percent includes family and personal business, including
shopping and doctor visits. For women, these types oftrips increase from 26.2 percent atages 16 to19
to morethan 45 percent in middle andolder ages. (Males alsoincrease this typeof travel, from about
20 percent to morethan30 percent.) This type ofdrivingexposes an individual to frequent starts and
stops in which the sudden accelerationsare more likely to occur.

Insummary, middle-aged female drivers and, toa lesser degree, middle-aged maledrivers appear to
beoverrepresenled in AudiSAIs. Partof this ovcrrcprcsentution canbeexplained by the economic
circumstancesof those whobuy anddrive the car. Income is relatedtoageandcanalsoinfluence the
miles driven peryearandthe numberof vehicles in the family, thus increasing the exposure and
decreasing the familiarity witha specific vehicle. As income increases, a largerpartof the annual
mileage is for family and personal business. Middle-aged women and, toa lesser degree, middle-aged
men are overrepresented in these travel categories. Frequent short trips such as shopping, social
visits, anddoctor visits would increase the exposure of the driverto the slart-and-stop drivingduring
which SAIs are most frequently reported.

7.3.2 Height

TSC also examined the heights ofthe drivers in the NHTSA sudden acceleration reports to determine
if incident-involved drivers had any physical characteristics that, in conjunction with the vehicle
driver compartment design, could contribute to sudden accelerations. Table 7-10 gives the means,
standard deviations, and percentiles (assuming a normal distribution) of the male and female
incident-involved drivers, and compares them to the national population. Although the means are
approximately the same, the Audi-involved drivers are more broadly distributed, i.e., these
populations have a greater proportion ofshorter and taller drivers than the general population. An
"F" test indicates that the Audi distributions arc significantly different from the national population.
Figures 7-10 and 7-11 show a normal probability plot of these distributions. Although these plots and
the "skewness" show some lack of normality in the distributions, this is not enough to affect the
results given in the table. As far as the short and tall drivers arc concerned, as noted above, the Audi
seat may have some difficulty in accommodating a short person, and the compartment may nol offer
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TABLE 7-8. DISTRIBUTION OF PERSON TRIPS BY PURPOSE, AGE, AND SEX (1983 MALES)

Age

65
5-15 16-19 20-29 30-39 40-49 50-59 60-64 and Over All

Earning a Living
To or From Work l.S 16.2 31.6 33.1 33.9 31.6 26.2 6.7 24.5
Work Related Business .4 1.6 2.5 4.7 4.4 5.6 3.2 2.1 3.1

Subtotal 1.9 17.8 34.1 37. B 38.3 37.2 29.4 8.8 27.6

Family and Personal Business
Shopping 9.4 9.4 14.6 16.2 16.4 18.3 19.9 31.2 15.7
Doctor/Dentist .9 .5 .6 .7 .5 .7 1.7 2.6 .9
Other Family Business 9.0 10.1 14.3 16.7 18.4 16.5 19.2 19.1 1S.0

Subtotal 19.3 20.0 29.5 33.6 3S.3 35.5 40.8 S2.9 31.6

Civic, Educational,
and Religious

Social and Recreational
Vacation
visiting Friends
Pleasure Driving
Other Social and

Recreational
Subtotal

Other

TOTAL

39.1 24.4 5.6 3.6 3.0 4.4 4.0 5.8 11.1

.5
11.9

.3

.1
15.8

.7

.2

13.2

.5

.3

9.4
.4

.3
6.1
.4

.3

7.3
.8

.3
10.1

.5

.0
10.3

1.3

.3

10.6

.6

20.5

33.2

19.6
36.2

IS.5
29.4

13.9
24.0

IS.4
22.2

12.5
20.9

14.0

24.9

18.2

29.8

16.0

"27.5

6.5 1.6 1.4 1.0 1.2 2.0 .9 2.7 2.2

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

TABLE 7-9.DISTRIBUTION OFPERSON TRIPS BY PURPOSE, AGE,ANDSEX (1983 FEMALES)

*

5-15 16-19 20-29 30-39 40-49 50-59 60-64
65

and Over All

earning a Living
To or From Work

Work Related Business
Subtotal

1.2

.5
1.7

10.0

.6

10.6

21.2

2.0

23.2

20.8

2.1

22.9

22.6

2.1

24.7

22.2

2.7

24.9

16.4
.8

17.2

6.0

.9

6.9

16.5
1.7

18.2

Family and Personal Business
Shopping
Doctor/Dentist
Other Family Business

Subtotal

11.2

1.3

10.6

23.1

15.4
.6

10.2

26.2

18.8
1.0

16.8

36.6

20.4

1.6
23.7

45.7

23.2
2.0

20.0

45.2

25.4
1.6

15.1

42.1

28.8

1.6
17.5
47.9

30.1

4.5

17.1

51.7

20.3

1.6

17.2
39.1

Civic, Educational,
and Religious

Social and Recreational
Vacation

Visiting Friends
Pleasure Driving
Other Social and

Recreational
Subtotal

Other

TOTAL

36.6 25.1 8.1 6.1 5.5 7.6 6.0 9.2 12.5

.3
12.5

.7

18.1

.2
15.7

.5
19.9

.3

14.4

.2

15.9

.4
8.7

.4

14.0

.3

9.0

.6

12.9

.4

9.6
.6

13.4

.4

10.8

.2

15.5

.3

10.6
1.3

17.3

.3
11.4

.5

IS.6

31.6 36.3 30.8 23.5 22.8 24.0 26.9 29.5 27.8

7.0 1.8 1.3 1.8 1.8 1.4 2.0 2.7 2.4

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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TABLE 7-10. DISTRIBUTION OF HEIGHTS FOR MALE AND FEMALE DRIVERS INVOLVED
IN SUDDEN ACCELERATION INCIDENTS AS COMPARED TO THE NATIONAL POPULATION

Male (in) Female (in)

Percentile U.S. Audi U.S. Audi

1 62.6 60.2 57.8 56.5

2.5 63.6 61.5 58.7 57.8

5 64.4 62.6 59.5 58.8

25 67.0 66.1 61.9 62.1

50 68.8 68.5 63.6 64.4

75 70.6 70.9 65.3 66.7

95 73.2 74.4 67.7 70.0

97.5 74.0 75.5 68.5 71.0

99 75.0 76.8 69.4 72.0

n = > 10,000 99 10,000 158

Q 2.67 3.57 2.50 3.41

MAX 76 76

MIN | 57 52
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In Figures 7-10and7-11, the observed valuesare plottedalongthe horizontal axis. The data values
areordered before plotting. The verticalaxiscorresponds to the expected normal valuebased onthe
rank(quartile) ofthe observation. The plotted points represent the setofpoints (x(i), q(i)) where the
x(i)areactualobservations after ordering (i.e., x(l) is the pointwith the leastmagnitudeand x(n) is
the largest value) and q(i) is thestandard normal withprobability level (i-l/2)/n. When the points lie
very nearly along a straight line, the normality assumption remains tenable.

FIGURE 7-10. NORMAL PROBABILITY PLOT OF MALE AUDI DRIVERS
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enough leg room for a tall person. This data cannot proveheight is a causative factor, however,
bccuusc il is possible thul Audi buyers unddrivers arc taller or shorter than the normal population.

7.3.3 Experience ft

This section examines experience from two points of view which may be considered a manifestation of
the same phenomenon:

• The driver's experience with the vehicle.
ft

• The mileage the vehicle was driven at the time ofthe accident or incident. (This factor
is an indicator of driver inexperience, but may also be indicative ofa vehicle component
failure that is mileage-or time-related.)

A study performed by NIITSA in 1983 reviewedthe accident literature wilh respect to driver
familiarity with the involved vehicle andoveralldriver experience. Figure7-12 is taken from that «**»
study and indicates lhal driver experience wilh Ihc accident vehicle is more closely related to
accident rate than overall driving experience. (In fact, 17to 24 percent of all drivers involved in
accidents have less than 1000 miles ofexperience wilh ihc involved vehicle.)

This problemmay be more pronounced for Audi SAIs. According to Audi, the majority of the
inlerviewed drivers involved in SAIs did nol own the vehicleor did not drive it regularly. The ex- ft
perienceof drivers involved in Audi incidents as reported to NHTSA is also plotted in Figure7-12.
These data show that 44 percent of the Audi SAI-involved drivers had less than 6 months of
experience with the vehicle. This is substantially greater than the percentageofall accidents
experienced by drivers (34 percent in the first 6 months), and may indicate thai (1)unfamiliarity with
the vehicle is a greater causal factor in sudden acceleration, or (2) the vehicle is new and there is a
component problem that manifests itselfearly in the car's life so that the incident occurs when the ^
owners have had Ihc car for only a short time.

Another way ofexamining this effect is to consider the odometer mileage at the lime of the accident or
incident. Figure 7-13 shows the odometer mileage for Audi incidents as reported to both Audi and
NHTSA. The Audi figures show that about 70 percent ofthe SAIs occurred with less than 10,000
milesonthe odometor, while the NHTSA data show thai45percentoftheSAIsoccurred withiess ^
than 10,000 miles driven. Figure 7-14 illustrates the 1984 weighted national accident experience for
all vehicles and forCadillacs, drawn from NASS odometer readings. The overall accident experience
is evenly distribuled between 3.5 and 4 percent per 5,000 miles of odometer reading.

There remains the hypothesis that the overrcprcsenlation of low mileage incidents is a function of
"juvenile" component failure. However, Ihe data do not support this theory. Component failures are ^
contributing factors in only 1 percent of the NASS accidents, and of the 704 Audi accidents in Texas,
none were attributed to component failures.

In summary, the data suggest that experience of the driver with a vehicle is a factor in the causation
ofaccidents. This experience factor is strongly represented in the data from the Audi incidents. The
Audi incident experience is heavily biased to the low mileages while the general accident experience ^
is more evenly distributed as a function ofvehicle mileage.

ft
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8. RECOMMENDATIONS AND CONCLUSIONS

8.1 POWERTRAIN

The mechanical systems in Ihe Audi that could produce the increase in engine power required to
initiate an SAI either directly or by startling the driver arc limited. They include the throttle system
(the accelerator linkage, transmission "feedback" linkage lo Ihc accelerator linkage, and the cruise
control) and the idle-stabilizer systom (electronic control unit and valve).

8.1.1 Throttle Control System

A failure in this system can directly increase engine power.

Cruise Control System - Multiple failures in this system would be required to produce SAIs under the
conditions reported by the involved drivers. Unanticipated acceleration has been observed by TSC
and reported to NHTSA and VWOA. However, these acceleration incidents do not resemble the
typical SAI in that they have only been observed at highway speeds with the transmission in drive.

Sticking or Binding of Throttle Linkage - After the accelerator pedal is depressed the linkage could
"stick," causing the pedal to hold its position. This could be caused by binding in the system or some
mechanical interference wilh the linkage or pedal. Evidence of such sticking or binding should be
observed in post-accident investigations. Subsequent to VWOA's recall to modify the accelerator
pedal to prevent interference with the doormat, there have been no observed incidents of throttle
system sticking.

Transmission Activation ofThrottle - In the Audi 5000 from 1978through 1983, the transmission
could activate the linkage and throttle plate in a shift from drive into neutral, reverse, or park. In
these models Ihe throttle plate could also be inadvertently opened ifthe kickdown valve was driven
into the transmission by at least 117 psi of pressure. A pressure leak from the transmission main
channel is the only source ofthis high pressure. An SAI due to transmission activation ofthe throttle
would require the failure ofone or more valves, would be irreversible, and would be easily delected in
post-accident investigations. Such an occurrence has nol been observed.

8.1.2 Idle-Slabi Iizcr System

A failure in this system in the Audi 5000can induceengine surging and unanticipated acceleration.
Tests by both VWOA and TSC have indicated that the idle-stabilizer system alone can accelerate the
Audi 5000at 0.3 g reachingspeedsof 20 to 25 mph in approximately 10seconds, eventually reaching
speeds of40 to 50 mph in drive.

Idle-Stabilizer Valve-Two valve configurationshave been used by Audi since 1984: a linear valve
anda rotationally activated valve. TSCexamined three failure modes (mechanical sticking,a"dead
spot"on Ihe current collector, anda broken return spring). Only spring failurewouldcause the valve
tostay in Ihe fully open position. Audihasrecognized stabilizer valveproblems andisexaminingthe
valve as part oftheir recall campaign.
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Idlo-Slabilizcr Electronic Control Unit- Intermittent malfunctions of this unit have been observed
and recorded by TSC and others. When this unit malfunctions, excess current flows to the idle-
stabilizer valve causing it loopen fully, resulting in an immediate increase in engine power. Control
unit failures are sometimes tempcruture-dependenland, because oftheirintermittentnature, may
notbedetected duringnormal Audi-specified testingor in post-accident investigations. The
electronic control unit has been repeatedly modified by VWOA. Audi has recalled the earliest three of
the five known versions ofthis unit. This recall hasapparently eliminated the problem.

8.2 BRAKING SYSTEM

Potential failure modes in IhcAudi5000's brakingsystem which might cause the driverto lose
control afterthe initiation ofanSAI were investigated. The typical description ofanSAIby the
vehicle driver includes a report ofoften total brake failure.

8.2.1 Complete Brake Failure

This can becaused only by a loss of hydraulic fluid from the mastercylindersor brake lines and wheel
cylindersor internal leaks in the mastercylinder. (All vehicles ofthe types reporting SAIs havedual
hydraulic systemsthat minimize thechances oflosing both front and rear brakes simultaneously.)
Such complete failure is irreversible and wouldbe easily delectedafter an incident. This has not been
the case.

8.2.2 Temporary Failure ofthe Hydraulic Power-Brake Assist

The hydraulic power boost is independent ofotherenginefunctions. Ifthe engineis shut down, the
reservoir holds sufficient fluid for 15 to 20brakeoperations. The reservoir canbedepleted by
extendedengineshutdown. Intheory, with the engineat idle,the reservoir could alsobedepleted by
very rapid pumpingof the brakes. Nosuchrapid pumpinghasbeenreported in descriptions of the
events preceding an SAI. Without the power-brake assist, the brakesarestill capable of stoppingthe
car,but require four to five times the force from the driver. Even with failure of the power-boost
system, the majority ofdrivers wouldstill be capable of stoppingthe carafter the initiation of an SAI.

Two pointsmusl beemphusized. First, ifthe Audi enginespeed is above 1000 RPM as is usually
reported in an SAI, rapid pumpingof the brake pedal cannotdeplete the reservoir.Second,the Audi
brakes, when operating properly al the lowroad speedstypical ofthe SAI, will holdor stop the car
even under wide-open throttle.

8.3 DRIVER FACTORS

Other factors were identified andanalyzed which might be relatedto a disproportionate number of
SAIs for the Audi 5000. They were:

• driver-related design factors which increase Ihe likelihood ofpedal misapplication

• driver demographic factors which arc related to driver subgroup, accident
experience, and exposure ofthe vehicle to situations where SAIs can occur; and
physical characteristics of the populations ofindividuals who drive the vehicles

VWOA's initial claim was thul the SAIs were a result of driver error. The Audi 5000 driving
environment and the characteristics ofthe Audi 5000 driver population were analyzed to determine if
such factors could cause or contribute to pedal misapplication resulting in the disproportionate
number ofSAIs reported for the vehicle.
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8.3.1 Driving Environment

Prior research by TSC und NHTSA has rcvculed thul driver unfamiliurity wilh a vehicle can
markedly increase Ihc likelihood ofun accident. As purl ofTSC's efforts, a statistical study was
performed comparing the Audi 5000's interior seuting and pedal arrangements wilh hundreds of
other vehicle models in the U.S. fleet for critical driver-related dimensions. The study revealed
statistically significant differences fordimensions such as scat height; lateral steering-wheel
position; leg room; brake-pedal force, size, height, and travel; and accelerator-pedal size and height.
In particular, the characteristics of the Audi 5000 were more different than older, larger American
models and less different lhan newer fronl-wheel-drivc cars.

8.3.2 Driver Population

The major sources ofstatistical variation in automobile accident rates are the demographic
characterislics of Ihe driver population. Middle-aged and older drivers are overrepresenled in Audi
5000 SAIs when compared to drivers in all accidents nationwide. However, such individuals arc
similarly overrepresenled as owners and drivers ofAudi 5000s.

8.3.3 Type of Driving

Female drivers are overrcpresented in Audi 5000 SAIs when compared to drivers in all accidents
nationwide. NPTS shows that females take more trips which require frequent starts and stops,
increasing the opportunity for SAIs.

8.3.4 Experience of the Audi 5000 Driver

Approximately 34 percent ofall drivers involved in accidents nationwide have less than 6 months of
experience with the vehicle involved. In the case of the Audi 5000 SAIs, 44 percenl of the drivers had
less than 6 months' experience. According to ODIdata, more lhan 45 percent ofthe SAIs occurred
with less than 10,000 miles on the vehicle. NASS accident statistics show that the overall accident
rate is relatively evenly distributed between 3.5 and 4 percent per5,000 miles ofdriving. The high
initial SAI rate for the Audi 5000 could, of course, be indicative of mechanical failures early in the
Audi's life. Such early failures, however, have not been detected.

8.4 SUMMARY

In conclusion, the TSC study found that:

• The Audi 5000 has failure modes that could induce intermittenl engine surging
and unexpected increases in engine power.

• In particular, failures in the idle-stabilizer system have been observed which
producedsurges under the conditions described in the SAI reports.

• Completebrake failure, as hasbeenreported in SAIs in the Audi 5000, is a very
unlikely event, would be detectable after an SAI, and has not been detected in
post-SAI investigations.

• The ergonomic characteristics,seating, pedal arrangements, and pedal forces of
the Audi 5000 are significantly different from the standard domestic vehicles
(especially older vehicles).
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• These arrangements and force differences increase the likelihood ofdriver
confusion of the brake und acceleratorpedal (particularly fornew drivers und
particularlyafter un unexpected,mechanicallycaused increasein engine power).
Studies revealing Ihecorrelution between driverunfamiliarityanda high initial
vehicle accident rule urc consistent wilh Ihis supposition.

Sincemanyof the features orcomponents of tho Audi5000's systems mentioned above havebeen
introduced, substantially modified, oreliminated in thecourse ofthe model years under
investigation, noone failure mode can possibly cxpluin allof the reported incidents. Onemust
conclude therefore, thulthehistory ofsudden acceleration problems oftheAudi 5000 can only be
understood inihecontext ofmultiple vehicle malfunctions incombination wilh theergonomic
characteristics and driver factors discussed above.

As withinvestigalions of this problem inother vehicles, we cannot identify anysingle malfunction in
the Audi 5000 which could simultaneously produce sudden accelerationand brake failure and which
would leave no readily observable evidence of itsoccurrence. Rather, we find that malfunction, in the
idle-stabilizer system, and toa lesser extent thethrottle linkage and thecruise control, are capable of
initiating unintended acceleration. (All known defects ofthisnature have been subject to recalls).
Once such anincident hasbegun, whether through human mistake orvehicle malfunction, it mustbe
assumed thai driver error resulting from panic, confusion, andperhaps unfamiliarity withthe Audi
often contributes to the severity of the incident,particularly if it lasts morelhan a few seconds.

ft

8.5 ADDITIONAL RESEARCH

The following additional testsand research were in progress at thetimeofwriting,

1. Experimental determination of the tolerances of various versions ofthe cruise
control for high ambient temperatures and electromagneticinto
sources such as the air-condilioner clutch and alternator diodes

ft

ft

ft

ft

control for high ambient temperatures and electromagneticinterference from

2. Empirical studies todetermine the relationship betweenphysical factors, suchas
the dimensions and forces ofdrivercontrols andaccommodations, and pedal
misapplication.

The reader is referred to An Examination ofSuddenAcceleration, for further discussionof these
research topics.

ft

ft\

ft

ft
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APPENDIX A

IDLE-STABILIZER VALVE

A.l. ELECTROMECHANICAL CHARACTERISTICS

Two idlebypassvalveswereobtained from Audi. One valvewas disassembled to permita more
detailed examination ofthe internal mechanisms and tomeasure thestiffness ofthe torsional spring.
(The torsional springis usedto return the valveto its nominal opening whenpower is turnedoff.)
The second valvewas used to measure the electromechanical characteristics of the windings.

The control unit adjusts the airflow by sending electrical signals to the stabilizer valve. The electrical
signal consists of two 12V square waves wilh different periods. Eachsquare wave is sent to Iwo
armature field windingslocated 90° apartas shown in Figure A-1(a). These squarewavesare known
asduly cycles. A sampleofa single28 percent duly cycle beingsent toonearmature field windingis
shown in Figure A-l(b). The valveopening angleof the idle-stabilization valve iscontrolled by the
equilibrium of the torques actingon the rotor. The Ihree torque-contributingcomponentsare the
torsional spring,Field WindingI,andField WindingII. Whennovoltage is applied, the spring
maintains the valve at a positionof 10° from the fullyclosedposition. Each field windingexerts a
torque dependent on the directionand amount of voltageapplied. These measurements providethe
torquedeveloped by the springas a function of valveopening angle. The springtorqueequation is:

IA.11

T =/Ue-10)=0.123(8-10)

where T8 = torque of the spring (oz-in)
Ks = spring constant (oz-in/degree)
6 = angle valve displaced fromjust-closed position (degrees)

The winding torque equations are:

Field Winding I [A.2|

T1=ff1V1sm(8-01)=(718)V1sin(e-159)

Field Winding II |A.3|

T2=/C2V2sJn(0 -02)=(985)V2sin(0+115)

where T# = torque of field winding (oz-in)
Kjjr = winding constant (oz-in/volt)
V# = voltage applied (volt)
9 = angle valve displaced (degrees)
0# = phase angle of winding (degrees relative to closed position)

The continuous curves shown in Figure A-2 show the correlation between the measured data and the
characterization above. The symbols represent the measured data points and the lines are the
characterizations.
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The general equation of motion for the valve is: IA.41

d2(0)

* - i dur
where

I = moment of inertia

and [A.5J

Vr=V1 +V2=12i»oto
Voltages V) and V-j arc time-averaged voltages.

The torque-contributing components were combined to determine the angular displacement of the
valve, keeping V| + V2= 12V and a settled valve (i.e., not being commanded to a new position). The
torques developedin the valve due to the airfloware not includedin the equations since these torques
are negligible compared to the winding torques.

The resulting valve equilibrium equation is:
IA.6)

M=0=-/fg(0-10)+it'1V1s-n(0-ei)+/f2V2sin(0-e2)
The result plotted in FigureA-3represents the openingangleof the valve as a function of the percent
duty cycle on Winding I during normal operation. Measurements made to confirm these positions for
the different duty cyclesareshownas the symbols in Figure A-3. The characterizations of the torque-
contributing components were used to establish the relationship between the torque acting on the
valve armature and the valve angular displacement. Under normal operation, the equilibrium
positionsrangebetween -7sto Ihe fully open position of 44*. When the valve reachesthe 44°position,
further openingdoesnot increasethe airflow. However, if the valve goesbeyondthe -36° position
(past fully closed), the valve begins to increase the airflow again.

The control unit supplies 12V to the center pinand adjusts the averagecurrent senl to the valve
armature by alternately groundingeither pin 1or pin 3. The time period that the computer grounds
the pinsdefines the duty cycle. Pins 1and3 areconnected to brushesthat run againsta segmented
commutator of the armature. Figure A-4 shows the orientation of the valve's electrical components,
and the sign and naming conventions. A diagram ofthe electrical circuit within the armature for
normal operation is shown in Figure A-5(a).

The arrows in Figure A-5(b)represent the direction of current flow under normal operation. A 12V
power is supplied to the positive collectorsegment and the pins 1and 3 are groundedby the control
unit lo complete the circuit. The groundingof pin3 is the commandto openthe valve fully. Figure
A-6showsthe torqueactingon the valvearmature asa function of valveopeningangle for the fully
open command. This curve shows that ifthe valve was at the 10°equilibrium position and received
this command, a torqueof 9.6oz-inwould beapplied to the armaturewith a final settling positionof
44°. The grounding of pin1is the command to fullyclose the valve. Figure A-7showsthe torque
acting on the valve armature as a function of valve openingangle for the fully closingcommand. This
curve shows that ifthe valvewasal the 10° equilibrium position andreceived this command, a torque
of-4.5 oz-in wouldbe appliedto the armature wilh a final settling positionof-7°. The major
discontinuities in these curvesat the 94and-26s positions result from the brushescontactingthe
adjacent commutator segments.

The armature is not mechanically restricted to 120° of travel so the brushescan contactadjacent
commutator segments. Since the valve may overshoot the positioncommanded by the controller,
there is a potential for the armature to overrun the commutator segment. If this were tooccur, the
currenl in the windings wouldchange direction and, in turn, reverse the torque applied.
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The two possible overrun positions are Ihe overrun open and overrun closed positions. In Figure A-8
the elcctricul circuitis shown for the case just before the overrun open condition occurs (0<94°). The
current flow is the sameas undernormal operation. When the overrunopen condition occurs
(0>94°), the electrical circuit in the armature isaffected as shown in Figure A-9(u).

As shown in Figure A-9(b), thecurrentreverses direction in Field Winding II. This change in
direction reverses thedirection ofthe torque applied. Thecurrent in Field Winding I is in the same
direction as normal operation. This torque reversal causes the torque in Ihe closing direction to
decrease. Ifthe computer should send acommand to fully open (pin 3being grounded, 100 percent
duty cycle) whilethe valveis in the overrun open position, the torque changes from -14.9 oz-in to -11.4
oz-in, asshown in Figure A-6. Inthecase ofacommand to fully close (pin 1being grounded, 0 percent
duty cycle), the closing torque would change from -18.2 oz-in to -4.5 oz-in, as shown in Figure A-7.

ForIhe cases of overrunning in the closed position(G<-26°), the electrical circuit in the armature is
affected asshown inFigure A-10. Asthecurrent changes direction inField Winding I, thetorque
changes direction. Thechange indirection increases theopening torque. For the fully closed
command, the opening torque changes from 5.3 oz-in to9.9 oz-in (Figure A-7). For Ihefully open
command,the openingtorquedecreases from 16.0 oz-into 3.8oz-in(Figure A-6).

A.2 TRANSIENT RESPONSE

When thevalve responds toachange induty cycle, thevalve will overshoot theequilibrium position
byanamount approximately equal tothe initial displacement error. Figure A-l1shows how asimple
springmasssystem would overshoot in response toan initial displacement. The equilibrium position
is the position towhich the valve would settle if noother dutycycle was encountered. Ifthe duty cycle
was changedsuddenly to commanda new valve openingangle, the valve wouldovershoot the new
equilibrium position byanangle approximately equal tothedifference between theold angle andthe
new position. Ifthe engine's change in RPM response lime is slow, Ihe difference between the new
and old angle can becomelarge and increase Ihe possibility of overrun conditions.

A.3 POTENTIAL FAILURE MECHANISMS

It was necessary to determine ifthere was a mechanical sticking that wouldhold the valve in the
fully openposition. Mechanical sticking could becaused by either a bearingfailure ora brush
commutator failure. In the event ofa bearing failure, the valve opens fully and remains openbecause
ofthe binding of the bearing on the shaft. In the event of the brush commutator failure, the brush
would attach itself to the current collector. If Ihe valve was under the overrun open condition and a
mechanical-resisting torque of4.5 oz-in existed, the closing duty cycle would not close the valve. The
valve would remain above the 94° position as long as the closing duty cycle is being sent.
Reversibility of this type of failure is very low. Under both ofthese mechanical failures the valve
would not function properly and physical evidence ofa defective valve would remain. Ifthe valve was
in the overrun open position and all components functioned properly, the valve would always return
to the equilibrium position.

The idle-stabilizer valve could possibly fail ifthe commutator developed a dead spot and caused an
intermittent opening ofthe circuit. This intermittent opening would cause a large oscillation from a
fully closed to a fully open position. Such continuous oscillation would produce engine surging and
might also produce a fatigue failure of the spring.

Ifthe spring was to fail due to large oscillations, the valve would still operate. Without the resisting
torque of the spring the valve would respond faster to the signals present and have a greater tendency
to overrun the commutator. Within the normal range Ihc valve characteristics are similar to normal
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FIGURE A-8. IDLE-STABILIZER VALVE JUST BEFORE THE OVERRUN OPEN
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FIGURE A-9. IDLE-STABILIZER VALVE UNDER OVERRUN OPEN OPERATION
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Initial displacement

Overshoot displacement

FIGURE A-ll. SIMPLE SPRING MASS SYSTEM

operation. Figure A-12 shows Ihe valve equilibrium opening angle asa function ofdutycycle with
the spring broken and wilh normal operation.

Figure A-13 illustrates thecondition where thevalve iscommanded to fully open and thespring is
broken. Ifthe valvestartedat the 10° equilibrium position and received this command, the initial
torque would be 9.6 oz-in. In this case, the valve would overshoot the commutator (9>94°) and the
closing torque would reduce from -4.8 oz-in to-1.0 oz-in. Ifthe valve continued past the 104° position,
Ihe torque wouldbecome positiveand cause the valve toopeneven further.

Figure A-14 shows thecondition where the valve iscommanded to fully close and the spring is
broken. Ifthe valve started above the 94° equilibrium position andreceived the command toclose,
the closing torque of-8.3oz-in would change toanopening torque of6.0oz-in. This reversal ofsign
would causethe valvelocontinue to open even wilh aclosing signal. Ifthe springwasbrokenor
defective and the valve was in theoverrun condition, a normal closing signal would continue toopen
the valve. Ifthe power wasshut offafteranoverrun condition andthe valvedrifted to less than 94°,
the valve would return to Ihe brokenspringoperation whenthe power wasturned on.

A broken spring in the valve would not hamper the performance ofeither the vehicle or the valve.
The engine RPM might surge to a greater extent than normal, but this might not seem out of the
ordinary. Ifthe valve was tested accordingto the Audi Factory Repair Manual, the results could
show normal valve operation. The test checks the engine RPMat the 28 percent duty cycle. As shown
in Figure A-12, at the testing location of28 percent, the difference in valve angle with and without
the spring is about 2°.
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APPENDIX B

AUDI TEST DATA

Appendix Bgraphs are VWOA test data extracted from correspondence
between NHTSA and VWOA.
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APPENDIX C

BRAKE SYSTEM

C.I INTRODUCTION

After Ihe onset of an SAI, Ihe driver should be able to slop Ihe vehicle by braking. Drivers of Audi
5000s involved in sudden acceleration report that the brake pedal was depressed but the vehicle did
not stop. On the assumption lhat the drivers had properly applied the brakes, the brake system was
evaluated to identify any system malfunction which would prevent the driver from stopping the car.

C.2 DESCRIPTION OF THE BOOST SYSTEM COMPONENTS AND THEIR PERFORMANCE

C.2.1. Hydraulic Boost System

The hydraulic boost system, standard on all Audi 5000s built after 1983, is a power-assist mechanism
that reduces the force the driver must apply on the brake pedal to stop the car. Located between the -
brake pedal and the master cylinder, the boost servo is actuated by depressing the brake pedal and
deaclualed by releasing the brake pedal. Wilh the boost system, Ihe pedal force required lo produce
.3 g ofdeceleration (equal to the initial surge caused by a fully open idle stabilizer) is reduced from 90
lb (400 N) to 22.5 lb (100 N), a force reduction of 75 percent (see Figure C-l).

Each time the brake pedal is depressed a high-pressure fluid is delivered to the booster servo. In the
event ofpumping Ihe brake pedal,a large amount of fluid is required. The hydraulic boost system
provides the high-pressure hydraulic fluid as illustrated in Figure C-2.

Hydraulic fluid is pumped by the central pump into a pressure accumulator. A fully charged
accumulator stores enough pressurized fluid forabout 29 moderate brake applications when the
pump is shut off ordisabled. The boosterservo uses this fluidduring braking and then passesit at
low pressure to the reservoir. Two pressure-relief valves providebypass lines directly to the reservoir
when pressuresexceed allowable levels. When the pumpfluid pressure exceeds 155 bars, the pump
pressure-relief valve allows fluid to bypass the accumulatorand boosterservoand return directly to
the reservoir. When the accumulatorpressureexceeds150bars, the accumulator pressure-relief
valve allows fluid to bypass the booster servo and return to the reservoir. Fluid in the reservoir is the
supply fluid for the pump.

C.2.2 Pump

Thecontinuously operating hydraulic pump isaconstant-displacement, eight-piston rotary pump
wilh two independent hydraulic circuits. Six pistons onone circuit supply power steering; two pistons
onthe second circuit supply fluid for servo braking. The power steering and brake circuits areboth
supplied with hydraulic fluid from the same fluid reservoir.

The volumetric flow rate from the pump(q) is proportional loenginespeed minus losses due to flow
past the pump pressure-reliefvalveor leakages internal to the pump. The flow rale is

<=(f5>-<",) ,c"
where 850 represents theengine speed at idle, q0 is the flow rate from thepump at idle, and a isthe
volumetric efficiency of the pump. The pump is replaced when the flow rateat idleis below 5cm3/sec.
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C.2.3 Accumulator

The pressure accumulator is adevice thatstores hydraulic fluid under pressure lo be used by the
booster servo. Itconsists ofa rigid shell thatencloses a diaphragm which creates two compartments,
as illustrated in Figure C-3 (modeled asa moveable piston). One compartment contains a gas at high
pressure that is sealed(constant mass). Thesecond compartment is loaded and discharged with
hydraulic fluid on an operational basis. Three fluid lines control the loading and discharging of the
accumulator. Loading isdone through the inlet from the pump; discharging is through theboost
servo and pressure-relief valve. Fluid returning back to thepump is prevented by a one-way check
valve.

Maximum pressure in theaccumulator is limited to the pressure which opens theaccumulator
pressure-relief valve. Thereliefvalve will open at 150 bars when installed and is replaced when it
opens below 140 bars.

FROM PUMP

CHECK VALVE

ACCUMULATOR

PRESSURE-RELIEF

VALVE (150 BARS)

TO RESERVOIR

3

TO SERVO BOOSTER

MOVEABLE PISTON

FIGURE C-3. ACCUMULATOR MODEL

Gas pressure varies between the emptypressure (gas pressure when there is nofluid supplyin the
accumulator) and the full pressure (pressure that opensthe reliefvalve). At installation, the empty
gas pressure (Pg) is between 88and 92 bars. Theaccumulatoris replaced when Pg falls below 30
bars. When the hydraulic fluid pressure is equal to or below the empty pressure, the gas will fill the
entire accumulator volume. This volume ofgas is the empty volume of the accumulator (V^). The
pump will deliver fluid to the accumulator as long as pressure developed by the pump is greater than
the gas pressure in the accumulator. When the gas reaches full pressure (Pp), the relief valve
operates continuously until pressure drops below Pp, allowing the hydraulic fluid delivered by the
pump to drain into the reservoir.

Gas pressure increases as the fluid volume increases because the trapped gas is being compressed.
The diaphragm moves in response to changes in fluid pressure. As fluid pressure increases, the
diaphragm compresses the volume of the gas compartment. As the fluid pressure decreases, the
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volume of the gas expands. The operating gas pressure (above Pg and less the Pp)depends upon the
amount of hydraulic fluid in the accumulator, i.e., the difference between the amount of hydraulic
fluid being delivered by the pump and the amount of that fluid required by the boost servo during
braking. Assuming Ihc gas behaves like an ideal gas, the expression for the expansion or
compression of the gas is

PiV"=PEVE=PFVnr= CONSTANT lC2l
The exponent represents the Ihcrmodynamic process undergone by the ideal gas (air). When (n = 1)
the process is isothermal and when (n = 1.4) the process is adiabalic.

The fluid pressure and gas pressure are considered equal in the accumulator. This equation is valid
as long as the fluid pressure is greater than the empty gas pressure. The volume of the hydraulic
fluid at any pressure in the accumulator is dependent upon the initial pressure and volume of the gas.
For example,

Accumulator Discharge - Loss of fluid in the accumulator is proportional lo the number ofpedal
depressions (N) and the volume of fluid displaced per pedal depression (A). The volume ofgas in Ihe
accumulator during discharging can be expressed as

V.=(V.,+iVA) IC.4]
I r

The amount of fluid removed from the accumulator per pedaldepression is equal lo the volume of
fluid entering the assist chamber in the servo unit and is proportionalto the pedaldisplacement. For
example, a pedal displacement of33 mm removes 4.5 cm3of fluid from the accumulator and produces
20 bars ofbrake pressure.

Combining equations C.1and C.2, the pressure during bleed-down(Py) in the accumulator is

p Pr [C.5]
B ( NL\n

Test data provided by VWOA showthe relationshipbetween gas pressureversus the number of
20-barbrake applications. For the tesl performed, the initial gas pressurewas 140bars;the brake
was applied 36 times before the accumulator was emptied. The volume of the accumulator at 140bars
(VP)is

ll - N [C.6]

assuming n= 1,and substituting values of N and P intoequationC.6. Vp/A is then substituted into
equation C.3 and Ihc bleed-down curve isdeveloped and compared lothe tesldata. When N=29,
P=78; Vp/A =36.5(Vp= 164.2cm3), the best approximation of the bleed-down curve is achieved
(See Figure C-4.)

C-5



•

\n
tc

<
oa

Ul
tc

i/t
to
Ul
oe
a.

ac

O

3
U
u

<

NUMBEROFBRAKEAPPLICATIONS

FIGUREC-4.BLEED-DOWNCURVE

33



For the curve shown n = 1, indicating the bleed-down process can be considered an isothermal
expansion ofan ideal gas, and the assumption lo determine the volume of gas in Ihc accumulator is
justified. The parameter A = 4.5 cm3, the volume of fluid associated with producing a brake line
pressure of20 bars if the empty accumulator pressure is 72 bars. The volume of the gas in an empty
accumulator was then determined from equation C.2. Given the initial pressure (140 bars), which is
Ihe initial volume (164.4 cm3) and Ihe empty pressure (72 bars), for n= 1 the empty volume of the
accumulator is 320 cm3.

leading of the Accumulator - Loading lime of the accumulator is defined as the amount of time
required to raise the pressure of the gas in the accumulator from the empty pressure lo any specified
pressure (sec Figure C-5). The empty pressure is the gas pressure when there is no hydraulic fluid
present in the accumulator. This pressure can range between 92 and 30 bars.

The loading time of the accumulator at idle speed is proportional to the volumetric flow rate of fluid
(q) past the check valve from the pump. The volume ofgas al any time during loading is

V.=(V..-qt) IC.7J
I £•

Combining equation C.7 and equation C.2, Ihc pressure during loading (PJ in the accumulator is

p - t IC.8)
*/

(-0
Test data supplied by VWOA show Ihe relationship between gas pressure versus time during loading
of the accumulator from empty pressures of30 and 80 bars. In this instance, it took 19 seconds to load
the accumulator from 80 to 144 bars, and 36 seconds to load il from 30 to 144 bars.

Ifthe parameters in equation C.8 arc constant, the ratio of the 80-to30-bar loading curve would Ihen
also be constant; the lest data indicate, however, thai Ihis is not the case. The volumetric efficiency of
the pump was assumed as (1-oP) lo account for internal pump leakage losses due to pressure.

The flow rate into Ihe accumulator at idle speed is

o = qU - aP) IC.9]

The parameters n, qo,and a were varied loachieve Ihebest approximation of the loadingcurve data
(see Figure C-5). Forthe two curves shown: n=1.4, q0=8.5cm3/sec, anda=Q.0023bar'.

The volumetric flow rate from the pump (q) is proportional to engine speedminus lossesdue to flow
past the pump pressure-reliefvalveor leakages internal to the pump. The general expression for the
flow rate lo the accumulator becomes:

(RPM\ IC.10]

where850is the idlespeed of the engineand(1-aP) is the volumetric efficiency term.
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C.3 THE HYDRAULIC BRAKE ASSIST

Using the high-pressure fluid provided by the accumulator and pump, the boost servo reduces the
pedal force required of the driver to brake the car. The hydraulic boost servo is located between the
brake pedal and the master cylinder. The three primary components of the boost servo are the boost
piston, the spool valve, and the housing. Figure C-6 isa schematic of the boostservo components in
their relative locations in the relaxed position. The boostpiston is connected to the master cylinder
piston so that both pistons have the same relative displacements. The brake pressure developed by
the master cylinder is therefore proportional to boost piston displacement.

The powerassist is activated when the pedal isdepressed bydisplacing the spool valve. The return
spring (located between the piston and the spool valve) deactivates the servo when the pedal is
released. The high- and low-pressure ports can be opened or closed depending upon the relative
position between the piston and spool valve, but cannot be opened at the same time. The piston and
spool valve are cylindrical in shape. Piston seals separate the regions between the piston and the
housing into three fluid chambers. These are the power-assist chamber, the fluid supply chamber,
and the fluid return chamber. The power-assist chamber is between the housingon the brake-pedal
side where the spool valve passes throughand the piston seal on the brake-pedal side ofthe high-
pressure port. The supply chamber is between the two piston seals. The return chamber is between
the piston seal on the master cylinder side of the high-pressure port and the housing on the master
cylinder side where the piston shaft passes through, as shown in Figure C-6. Selected dimensions of
the boost piston and spool valve are given in Figure C-7.

HIGH- LOW-
BOOST PRESSURE INLET FROM PRESSURE RETURN TO
PISTON PORT ACCUMULATOR PORT RESERVOIR HOUSING

POWER-

ASSIST

CHAMBER

SPOOL VALVE. RETURN
SPRING. AND SPOOL VALVE

CHAMBER

CONTACT SURFACE BETWEEN PISTON AND SPOOL VALVE
DENOTING THE RELATIVE POSITION OFTHE PISTON AND

SPOOL VALVE IN THE RELAXED POSITION

TO MASTER

CYLINDER

FIGURE C-6. HYDRAULIC BRAKE-ASSIST SERVO IN RELAXED POSITION
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C.3.1 Boost Servo Operation

Before braking, thecomponents oftheservo sit in the relaxed position shown in Figure C-6. In this
position, the high-pressureport is closed and the low-pressure port is open. The power-assist
chamber, thespool valve chamber, and the return chamber are open toeach other, through
passageway Aand the low-pressure port. The three chambers are open to the reservoir through the
return line so thepressure in thechambers isequal to atmospheric pressure. Because no pedal force
is being applied, theservo is not activated and there isno vehicle braking. Themastercylinder pisto
is displaced as far toward the brake pedal as possible, causing no brake line pressure.

piston

C.4 NORMAL OPERATION

C.4.1 Applying the Brakes

As thedriverdepresses the brakepedal, thespool valve is initially displaced within the piston, with a
force Fs. Fsis proportional to the pedal force thedriverapplies, but is notequal to it because ofthe
linkages between the pedal and thespool valve. As shown in Figure C-8, when thespool valve is
initially displaced the high-pressure port is opened and the low-pressure port is closed.

When the low-pressure portcloses, the power-assist chamberand spool valvechamberare scaled from
the return chamber. High-pressure fluid from the accumulator flows into the power-assist and spool
valve chambers. Since no fluid can pass the closed low-pressure port, thevolume offluid that passes
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FIGURE C-8. SPOOL VALVE DISPLACEMENT

the high-pressureport is equal to the volume increase ofthe spool valve and power-assist chambers.
Assuming a great enough fluid pressure, the high-pressure fluid forces the boost piston toward the
master cylinder, whichdisplaces the master cylinder piston and causes brake line pressure to
increase. The spool valvedisplaces toward the master cylinder at a slowerrate than the boost piston.
Relative to the boost piston, the spool valve is displaced toward the relaxed position, as shown in
Figure C-9. Note that as the boostpiston displaces toward the master cylinder, residual fluid in the
return chamber is forced back to the reservoir.

FIGURE C-9. SPOOL VALVE DURING BRAKE RELEASE

Increasing fluid pressure in the assist and spool valvechambers as the piston displaces toward the
master cylinder provides the force required to increase the brake line pressure. The fluid pressure
acting on the spool valve cross-sectional area provides increasing resistance to the applied pedal force.
Because the piston has displaced toward the master cylinder further than the spool valve, the high-
pressure port opens slightly. This relative position of the spool valve and piston occurs only when
pressure force on the spool valve in the spool valvechamber (Fsv) is slightly less than the applied
spool valve force (F„). Ifthe pressure was much less, Fswould have little resistance to displacement
within the piston and would allow the high-pressure port to remain fully opened. Similarly, ifthe
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pressure force Fsv,were muchgreater, il would overcome F„, close the high-pressure port, undopen
Ihc low-pressure port.

The pressure force in the spoolvalve chamber increases lo equal the applied force to the spool valve
(pedal force through linkage), stopping pedaldisplacement. The increased pressure in the assist
chamber displaces the boost piston toward the master cylinder, increasing the brake pressure and
closing the high-pressure port. When the high-pressure portcloses, the flow into the assist andspool
valve chambers is slopped; the forces are balanced and the boostpiston no longermoves, as shown in
Figure C-10. The applied spool valve force is balanced by the pressure force in Ihe spool valve
chamber. The low-pressure portremainsclosed because the piston displacement slopswhenthe high-
pressure portcloses. The spool valve will not return to the relaxed positionuntil the brake pedal is
released; the applied force is reducedbelow Ihe pressure force in the spool valve chamber. No fluid
enters or leaves the assist and spool valve chambers,and neither the boostpiston nor the spool valve
moves (the system is in force equilibrium). Figure C-l 1shows Ihc forces acting on the pistonand
spool valve in the equilibrium position.

Because the assist and spoolvalve chambers are connected through passagewayA, their fluid
pressures (Pr) are equal. In the equilibrium position, the applied force through the spool valve is
equalto the spool valvepressure force in the spool valvechamber, excluding the return spring force.
The spool valve force is

F = F = PA IC.11I

where As is Ihe cross-sectional area of the spool valve normal lo the centerline. The spool valve
pressure force (Fav) plusthe assistchamber pressure force (Fa) is the boost force (Ft>) which produces
brake pressure in the master cylinder. The boost force is

F=F +F = PAA +A ) IC.12I
b a su f a a

where Au is the cross-seclional area of the assist chamber. The area of the assist chamber on which '
the fluid worksis the cross-sectional area of the piston (At) minusthe cross-sectional areaof the spool
valve (A„). Fromthe dimensions given in FigureC-7, the areaof the assist chamber (Aa) is

A=At- A=^(o.9682-0.4522)= 0.575 in2 l°l3]
Since Au + A8is the cross-sectionalarea of Ihc piston, At, the boost force is

'a- V- 'CU|
The purpose of the boost is to reducethe appliedpedal force requiredto brake the car. Since brake
pressureis proportional to the boostforce (Fb) and the spool valve force (F8) is proportional to the
applied pedal force, the boost servo reduces required pedal force onlyif Fb is greater lhan F8.
Combining equations C.l 1and C.14, the boost force asa function ofapplied spool valve force is

A.

b a •
8

' » [C.15I

The servobooster multipliesthe input force by the ratioof the spool valvecross-seclional areato the
piston cross-sectional area. From the dimensions given in FigureC-7,

F-^iF=(-£6l)2F=4.59F IC.I6I
6 A * V.452/ « «

C-12



FIGURE C-10. CLOSED HIGH-PRESSURE PORT

FIGURE C-l 1. BOOST SERVO COMPONENTS IN EQUILIBRIUM POSITION
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The boost force will be 4.59 times the input force for normal operation of the boost servo. The system
will remain in equilibrium as long as Fs remains constant. If FB increases by AFS) the spool valve is
displaced toward the master cylinder, which opens the high-pressure port. Fluid then flows into the
spool valve and assist chambers, increasing the fluid pressure. As pressure is gained, the force Fsv
will increase to the applied force Pa + Al'\,,and stop spool valve displacement. The piston displaces
toward the master cylinder, which closes the high-pressure port and increases boost force lo°Fh +
4.59AF5iat the new equilibrium. Similarly, if the driver decreases Fs by AFS, the spool valve is
displaced toward the brake pedal, and opens the low-pressure port. As fluid flows from the spool valve
and assist chambers into the return chamber, fluid pressure decreases. As pressure is lost, the
pressure force Fsv decreases to the applied force F„-AP8. The piston displaces toward the brake pedal,
decreases boost force to I'V4.59AFSi and closes the low-pressure portal the new equilibrium.

C.4.2 Releasing the Pedal

When the brake pedal is released, the applied force becomes zero. As shown in Figure C-12, the
pressure force in the spool valve chamber (Fsv) pushes the spool valve back to the relaxed position
relative to the piston, and the return spring holds the spool valve in this relaxed position. The assist
and spool valve chambers open to the return chamber through the low-pressure port while the high-
pressure port remains closed. Fluid at high pressure in the assist and spool valve chambers flows into
the return chamber and lowers the fluid pressure. The brake pressure that was developeddisplaces
the piston back toward the brake pedal and forces more fluid into the return chamber. Eventually,
the assembly returns to the relaxed position shown in Figure C-6.

CONTACT SURFACE BETWEEN PISTON ANDSPOOL VALVE
DENOT1NGTIIE RELATIVE POSITION OK THE PISTON AND

SPOOL VALVE IN THE RELAXED POSITION

FIGURE C-12. SPOOL VALVE, RELAXED POSITION (FOOT OFF PEDAL)

C.5 FAILURE OF THE BOOST SERVO

Failure of the boost servo can occur when the equilibrium fluid pressure is equal to the supply
pressure, thus preventing pressure in the servo from increasing. For example, an applied force
increase from Fs to Fs + AFS displaces the spool valve within the piston andopens the high-pressure
port. Sincenopotential exists across the port (because the fluid pressures are equal), nofluid enters
the assist and spool valve chambers, the pressure in the servo does not increase, and no additional
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fluid boost is created by increasing the applied force. The increase in Ihe applied force(AF8) thai
displaced the spool vulve transmits from the spool valve lo the piston bydirect contact. The spool
valvedisplaces full stroke wilhin the pistondue to AFS becausethe Fsv cannot increase by AFS to slop
ils displacement. At full stroke Ihc piston and spool valve are in contact ala surface in the spool
valvechamber. Since the additional force is transmitted directly lo Ihc piston, the additional force
developed by Ihc boostservo is equal to the additional force, AF8. The pistondisplaces toward the
master cylinder due to the increase in force,which increases brake pressure. The increase in brake
pressure in the failure modeis proportional to F8, nol 4.59AF8 as was the case in normal operation. A
failure wouldoccur ifthe fluid pressure force in the spoolvalvechamber, F8V, was maximum before
the applied force increased. When Ihc applied force increases, F^ cannot increase because fluid
pressure docs not increase. When Fs is greater lhan Fgy, F8> PfAs the boostservo cannot provide fluid
boost. Alor above Ihe failure levelofapplied force, an increasein force raises the boostforce byan
amount equal lo Ihc increase in applied force. Since brake pressure increases in proportion to an
increase in boostforce, the increase is proportional lo AF8, whereas the increase in brake pressure
during normal operation (F8< Fsv) is proportional lo 4.59AF8.

The boost servo provides boostassist unlil the fluid pressure in the servo reaches Ihe supply pressure.
The boost force is 4.59 limes Ihc applied force. The maximum spool valve pressure force, Fsv , is the
spool valve pressure force whenthe fluid pressure in the servo is equal to the supply pressure. In
equilibrium al F8V , Ihe servo provides Ihe maxfmum boost-assisted boostforceof4.59FSV , the
maximum boost-assistedbrake pressure. Aslongas the pressure in the servo remains at the supply
pressure, the boostservo will produceal leasl 4.59F8V . Anyapplied forcegreater than F3V will be
produced by an additional boost force ofFg-Fsv . Thetotalboost force inIhe failure mode is"""
4.59F8V +(F8-F8V )• •"

The fluid supply pressure can be betweenatmospheric pressure and 150bars during normal boost
servo operation. Therefore, failure ofthe boostservooccursal different applied force levelsdepending
upon the supply pressure. When the supply pressure is atmospheric pressure, there is no boost assist,
and the boost-assisted brake pressure is zero. The driver must apply the entire force required lo
achieve any brake pressure whenIhcrc is nosupplypressure. Basedon the data supplied by VWOA,
the boostservo will provideboost-assisted brake pressure up to 150bars when the supply pressure is
140 bars. A brake pressure of150bar corresponds to 0.85 gofdeceleration. Figure C-13shows the
relationship between vehicle deceleration and pedal force for supply pressures of 140,120,100,80,60,
and 30 bars and without servo (atmosphericpressure). This figure also illustrates the change in
behavior of the braking system due lo a servo-assisl failure. Before the failure, vehicle deceleration
increases rapidly as a function of pedal force. At the failure pressure, the curve is discontinuous; the
servo cannot supply additional fluid boost. Increasing Ihe pedal force from the failure pressure, the
brake pressure increases al a rale approximately 6 times less lhan the prefailure rale.

C.5.1 Behavior of the Brake Pressure With and Without the Servo Booster

The shaft from the boost piston in the servo assist is connected to Ihe piston in the master cylinder.
Therefore, the brake pressure is directly proportional to the boostforce (see Figure C-14). Test data
supplied by VWOA (see Appendix B)show thai Ihe brake pressure is linearly proportional to pedal
force with or without servo assist. Brake pressure can be developed with or without the servo booster.
The servo assist allowsthe driver toachieve30 bars ofbrake pressure with 22.5 lb (100N)of pedal
force. Without the assist, 90 lb (400N)ofpedal force is required to achieve the same brake pressure.
The upper limit of servo operation corresponding lo a pedal force of 72 lb (310 N) and an accumulator
pressure of 140 bars is 150 bars of brake pressure. The brake pressure increases from 150 bars at the
same rate as the "without servo" curve. The servo assist will multiply the pedal force by 4.59 ifthe
pedal force is less than the pressure force in the spool valve chamber. Once the pedal force becomes
greater lhan the spool valve pressure force, the servo forcewill increase equally with pedal force.
Brake pressure is proportional to the servo forceby a constant ofproportionality, expressed as P^kFi,.
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From the previous discussion, the boostforce in the equilibrium can be written

F=F +F
baa

IC.17I

where Fs is theapplied spool valve force and Fu is theassist chamber pressure force. Substituting
Equation C.14 into the above equation, F8 is

from which the boost force is

F

F
8 A.

r-1
8

F.=f(i +—]— )=1.28f
b a\ A J a

A -1
8

The relationship betweenthe accumulator pressure andthe brake line pressure is

1
P =kPrb *rr i +

A -1

= 1.28* P,

IC.18I

IC.19I

[C.20]

From this relationship andthedata supplied by Audi, the valveofk' can bedetermined, from which
the maximum brake pressure for any given supply pressurecan becalculated. The maximum boost-
assisted brake pressure for several supply pressures is giveninTableC-l. Pedal force compared to
pedal travel is shown in Figure C-15.

TABLE C-l. MAXIMUM BOOST-ASSISTED BRAKE PRESSURE

Pr(supply
pressure)

Bar

Pb(brake
pressure)

Bar

140 150

120 129

100 107

80 86

60 64

30 32

0 0

C.6 MECHANICAL EFFECTS TO DRIVER RESPONSE

Total brake failure would beobvious after an incidenl. Inorderfor the system to completely fail, the
hydraulic brake fluid must leak internally to Ihe master cylinder or leak to the environment.
Evidence ofa failure would remain in such a closed hydraulic system. A low fluid level in the brake
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fluid reservoirwould indicatea system leak. In the casewherethe mastercylinder leaked
internally,the failure is not reversible and the brakesystem would still noloperate after the incident.

The brakesystem's hydraulic power assist is capable of temporarily malfunctioning. Ifthe power-
assist system was to malfunction, the requiredbrake-pedal pressurewouldbeabout 4.6 times the
normal (assist working) braking force required. This would makethe systemseemingly
unresponsive, but enough force could still beapplied by thodriver lo stopIhcvehicle.

C.6.1 Servo Assist Malfunction and Recovery

One type of temporary failure of the hydraulic assist is reversible. Ifthe brake accumulator was
drained fully onstart-upandthe driver immediately shiftedthe vehicle intogearand pumped the
brake pedal faster thanthe central hydraulic pump could restore the accumulator pressure, the assist
would be inoperable (degraded). However, given time, the pump wouldrestore the fluid level and
pressure in the accumulator,and the brake-assist system wouldoperatenormally. The amount of
time the system needs to restore the accumulator pressure andallow the power assist tooperate
normally depends upon the empty accumulator gas pressure.

C-19



f^S

LIST OF SYMBOLS

ft

a = Ilydraulic pump volumetric efficiency

A = Volume of fluid displaced per brake-pedal depression

Aa = Cross-sectional area ofassist chamber

Aa = Cross-seclional area of spool valve chamber
ft

At s Cross-sectional area ofpiston, total

b\ = Force applied by boost servo

Fs = Forceapplied to spool valve from brake pedal

F8V = Force due to pressure in spool valve chamber

AF8V = Change in force due to pressure in spool valve chamber

k = Proportionality constant

n = Exponent in ideal gas equation

N = Number ofbrake-pedal depressions

P = Hydraulic fluid or gas pressure

Pb = Pressure ofgas in accumulator during bleed-down

Pg = Pressure ofgas in accumulator empty

Pr = Fluid pressure in assist chamber
f*^V

Pp = Pressure ofgas in accumulator full

Pl = Pressure ofgas in accumulator duringloading

q = Volume flow rate from hydraulic pump

q0 = Volume flow rale from hydraulic pump at idle (850 RPM)

RPM = Engine speed (revolutions per minute)

Vg = Volume ofgas in accumulator empty

Vp = Volume ofgas in accumulator full

ft

i^)

(*>
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APPENDIX D

ENGINE SURGE RESULTS OF A TEST VEHICLE

D.I INTRODUCTION

In late March 1987, NHTSA contacted TSC concerning a phoncd-in complaint of an engine surging
problem in a 1984 Audi SOOOS. Al the request of NHTSA a meeting was arranged wilh the owners of
the vehicle to discuss the complaint and arrange for use of the car for evaluation. The following
paragraphs discuss the complaint, tests, and results thai TSC observed.

D.2 SUDDEN ACCELERATION HISTORY OFTHE TEST VEHICLE

In an interview by TSC the owners reported the following:

The first incident that was noticed by Driver A occurred in November 1986. An abrupt engine surge
was noticed right after a "cold start." A few weeks later, Driver A came out ofa dry cleaners (warm
engine) and started the car in park without being near the pedals; Ihe car surged lo approximately
4000 RPM. Driver A shut off the vehicle and started it again, and it appeared normal. Since then, the
surges have become more frequent and sometimes occurwith the car in gear.

The latest incident occurred in April at a red light with the car in gear. The incidents happen with
the engine hot or cold, but seem to happen more often when the driver's foot is on the brake.

Driver B has also experienced engine surges, and during one incident allowed the vehicle lo
accelerate on its own. The speed went from approximately 20 or 25 mph to 35 mph in a short time
before braking was necessary for traffic. Bolh drivers reported thai they noticed repetitious surges
(up and down engine speed in short intervals). The brakes have always worked.

During service in November 1986, the Audidealer installed the shift-interlock. After complaining of
the engine surges, the idle-stabilizer valve was replaced by the dealer in January. No other service
relating lo this problem hasbeen performed. The events continued and may have gotten worse after
the valve replacement.

D.3 VEHICLE

TSC examined thevehicle at the home oftheowners. During a warm start (the car had been sitting
for approximately 1hour), theengine surged to2500 RPM for 2to3 seconds aftertheengine had been
running for 10 or 15 seconds. The engine was losing coolant and sounded as if it had an exhaust
manifold leak. We also noted that the cruise control switch was "on" although the owners staled they
seldom used thecruise control and normally left it on "off." Theowners agreed to letTSC borrow the
vehicle for tesling.

D.4 TSCTESTS AND RESULTS

On April 13, the 1984 Audi 5000 was driven toTSC. During thedrive thecar performed routinely.
After further examination, il was determined thai the vehicle was in good condition except for the
water pump and exhaust leaks previously noted. All other engine systems, including brakes and
cruise control, appeared to function normally. The vehicle was instrumented with a portable
computer to sample and record the inputs and outputs from the idle-slabilizer electronic control unit.
This idle-stabilizer control unit is located under the dashboard (driver's side), andwas manufactured
by VDO (Part No. 44 3907393D).
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The sample and recording system is shown in block diagram in Figure D-l. In order lo observe
transient phenomena, the computer wasset to provide one sample every 1.3 seconds. Software was
written to sample the inputs, which were 1) throttle position, 2) air-conditioner clutch, 3) engine
temperature, 4)cruisecontrol, 5).cngine speed, and6) the outpul to the idle-stabilizer valve. Inputs
1) through 4) arebasically on-off switches and are recorded as 0 or 1respectively. Engine speed was
recorded in RPM and the oulpul to the idle-slabilizer valve was recorded in amps. Approximately 3
days were required for installation and debugging ofthe sampling system. During this time (April 13
to 16), no engine surges were observed while running and driving the car. On the morning of April
16lh (a cloudy, rainy day) the first surge was observed and recorded. Two other surges were observed
that morning butwere not recorded due tosystem problems. Other engine surges were observed and
recorded on April 17, 18, and 19 as shown in the Table D-l summary. In total, 10 incidents were
observed and 7 recorded during approximately 30 hours ofdriving by3different TSC personnel over 5
days(including a weekend). The starl-and-slop drivingmodes were emphasized as these seemedto be
the conditions underwhich the enginesurges weremosllikely tooccur.

All inputs and output, as well as dates and times, were continuously recorded. Table D-2 is a
summary of the seven recorded incidents showing the date, time, operator, andstatus of the various
inputs and the output.

THR = throttle valve position
1 = closed 0 = open

A/C = air-conditioner clutch
1 = on 0 = off

TSE = engine temperature sensor
1 = <40»C 0= >40»C

CRU = cruise control

1 = on 0 = off

TACH = engine speed in RPM

STAB = amperage to stabilizer valve (232 = 2.32amps)

Table D-3 showsa more complete record before and after each incident. In all incidents, the output
current to the coil of the idle-slabilizer valve increased to approximately 2.2 amps with no change in
the status of the input signals. (The valve normally requires 1.3 amps to be fully opened.) Seven of
the ten incidents occurred wilh the engine warm and the gear selector in park. Three incidents
occurred with the gearselector in drive:one while under way (Incident #8) and two while stopped at a
red light (Incidents #7 and #10). The incidents varied in time from 1 to 6 seconds. Incidents #4 and
#7 were double incidents in that the amperage to the valve increased to 2.2 amps and then decreased
for 1 second to normal (approximately 0.5 amps), and then suddenly increased again. In park, engine
speed during Ihe incidents increased from normal idle (750 lo 800 RPM) to between 2500 RPM and
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am* late taeh nab

i0.-38.-22 / 0 1 0 850 .490

10:38:33 1 0 1 0 860 .430

10:38:22 1 0 1 0 850 .490

Portable Computer

Temperature Sensor

Air-conditioner Clutch

Throttle Switch

Digital Converting Board

Idle-Stabilizer Valve

Ignition Coil (engine
speed measurement)

Cruise Control

FIGURE D-l. SAMPLE AND RECORDING SYSTEM
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TABLE D-l. ENGINE SURGE SUMMARY

Incident* Date Time Gear Comments

1 4/16/87 10:32:12
10:32:18

park

2 4/16/87 14:29:00
14:29:00

park not recorded
board fault

3 4/16/87 14:29:00
14:29:00

park not recorded
board fault

4 4/16/87 14:56:17
14:56:25

park

5 4/16/87 15:00:00
15:00:00

' park not recorded

6 4/16/87 15:20:28
15:20:29

park

7 4/17/87 10:38:14
10:38:22

drive stopped at
red light

8 4/17/87 12:03:50
12:03:51

drive throttle
opened

9 4/18/87 15:21:56
15:21:58

park

10 4/19/87 17:17:11
17:17:13

drive
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TABLE D-2. SUMMARY OF INCIDENTS

TIME THR A/C TSE CRO TACH STAB DATE OPERATOR

19:32:12 L 0 3L 0 1128 232 04/16/87 CBW
19:32:14 .L 0 3L 0 2328 231 04/16/87 CBW
19:32:15 3L 0 3L 0 2664 231 04/16/87 CBW
19:32:16 3L 0 3L 0 2712 231 04/16/87 CBW
14:56:18 3L 0 jL 0 2304 222 04/16/87 CBW
14:56:22 3L 0 3L 0 1632 220 04/16/87 CBW
15:20:28 1L 0 3L 0 1032 226 04/16/87 CBW
10:38:17 ]L 0 3L 0 1632 224 04/17/87 JKP
10:38:18 3L 0 3L 0 1752 224 04/17/87 JKP
10:38:20 3I 0 3L 0 1728 222 04/17/87 JKP
10:38:22 3L 0 3L 0 1800 221 04/17/87 JKP
12:03:51 () 0 ]L 0 3144 218 04/17/87 JKP
15:21:58 1L 0 1L 0 1032 211 04/20/87 GAC
17:17:13 1I 0 ]L 0 840 200 04/20/87 GAC

D-5



fr
iz;
a
a

G

Cd

Q

<
Ed
ttJ
O
Cc
DO
00

Q
05
O
O
u
OS

Cd
fH
Cd
J
ft.

S
o

i

Q

Cd
J
CQ
<

E-
Z
Cd
Q

5

€

CS
O

<
«
Cd
ft,
O

<
E-
10

o
<
E-

n>
OS
o

Cd
CO
E-

O

03
X
E-

Cd

€

ooooooooooooSSSSSSSSSSSoooo

a>o>ro»rooDO)oocoooooooooooo3oooooooooooocooooooooooo
^^^^^N.V.\W"V\V\V.\\\\\\\\\\\\
q}COCD(O(OCOCOCO(O(O(OCDU>t0CDCO(DtOCOCD(O(O<O(O(OtDCO

ooooooooooooooooooooooooooo

<ONSniDNHHHO(OCOt-NnOHOHOO)00)HOO)0
lOio^toioncococoioiocD^ioiAioioioioio^rio^ioio^io

PJN04tN

f^«"^2*2SSSS**INOMroN',owo*ao«>«s'wcooN^toto
^S22^^NNW*HN00tDU><O***>*,l,'-<'*«-»O>O>CD^,O)CD»-«tH
«-|oo>r-t>-T-icotor~iooor--«-<t--t—oooooocot^f-t~-oot-oooooo

ooooooooooooooooooooooooooo

ooooooooooooooooooooooooooo

2^25rtN^'owrorootNro,',**>is-a)o>r-ic»jcoiotof-ooo
°°°T?T^T!1T?7!^^rtNNNNNNNNTOWmerJt,**c,*>eo'«*

»?™^Wro"0roronWntOW,,3,onn(*)w™W
555555w<»<»wco»roo>TOro»coo^co»o^roc»a>oio> HHHHHHHHHHHHHHHHrlHHri^-lJ_l_lj_i

£»It

ID



"OOS1
3OI
CE->1
j-><1
c031
o
oM1

a,i
HO1
£
Cd
Q

t)
ZCdI
1—1

E-1
OS<1
CdQI
H
bu
<PQI
a<l
y,Hl

<
COi

Cd
a:SI
oUI
u,<1
CdE-*1
03

aO1
a031

oO1
o
CdCd1

(f,•«*CO1

Cd
*HI

E->
Cd

6-
Z
Cd

a.Q<!1

£O03I
oZSI
uE-I

eo

Q

CdCdI
JSI
OQi-iI
<E-*1
H

2222222222222222222222222
R^RRRR^^nnnnnnnnnni)'nnnn
ooooooooooooooooooooooooo

l^l^">^t^C^l^^t--l^^t~l^t~t*t>l^l^"?-^l^t^l>-t~t«-
oocooooooococococococococooocococooOQOcocDoocococo
*>WW\WWWs.ws.vs.wwww
vOCOCO(OvOCOCOCO<OCOCOCOCOCOCOCO(OCOCDCDCDCDCOCOCD

**>**S\\\*\\S^.S^Ss,\\\\S^,S,.\Ss.S^\\\\\\

ooooooooooooooooooooooooo

NNOHHONHNHNOO)lON(D<DOONHNOOOOO
iOiOlOiOiOiOlOlOiOiOlOiO^*CONlO<4,tNtOlOiOlOl0^4,<4*

»HCMN

(00>HH(D001,(D^,i-IHHCO<OOt-HOHt-H«l«COOH
CDls-C000000000000050iOCOCOCOO'«4'tOt^C^a3aDOOO>CD

NP5HHNH

OOOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOOO

OHN1'U)(Dt0(»ON(0^,(0t>-00OTHN^'iO(D(»0)CN
OOOOOOOOHHHHHHHMNNNNNNNWn

COCOCOCOCOCOCDtDvDCOCOvOCOCOCDCDCOCOCOCOCOCDtOCOCO
lOlOlOiOlOlOlOiOIOiOlOlOlOlOlOlOlOlOiOiOiOlOiOiOlO

rf-!j<<tJ,^TfTf«*-<rTj<Tj«Tt«^*la4.^.^^.^^^.^1^.^r|,^,^,

3



TABLE D-3. COMPLETE RECORD BEFORE AND AFTER INCIDENT (continued)
INCIDENT #6

TIME THR A/C TSE CRO TACH STAB DATE OPERATOR

15:20:15 1 0 1 0 720
15:20:16 1 0 1 0 792
15:20:17 1 0 1 0 792
15:20:19 - 1 0 1 0 792
15:20:20 1 0 1 0 768
15:20:21 1 0 1 0 744
15:20:23 L 0 1 0 768
15:20:24 I 0 I 0 720
15:20:25 L 0 L 0 720
15:20:27 L o :L 0 816
15:20:28 3L 0 3L 0 1032
15:20:29 3L 0 3L 0 2832
15:20:31 ]L 0 3L 0 912
15:20:32 3L 0 ]L 0 792
15:20:33 3L 0 3L 0 744
15:20:34 3I 0 1L 0 768
15:20:36 1L 0 1L 0 720
15:20:37 1 0 3 0 744
15:20:39 3 0 1 0 720
15:20:40 1 0 3 0 744
15:20:41 1 0 3 0 720
15:20:42 1 0 1 0 744
15:20:44 1 0 1 0 720
15:20:45 1 0 1 0 744

D-8

44 04/16/87 CBW
44 04/16/87 CBW
48 04/16/87 CBW
46 04/16/87 CBW
45 04/16/87 CBW
45 04/16/87 CBW
45 04/16/87 CBW
45 04/16/87 CBW
46 04/16/87 CBW
44 04/16/87 CBW

226 04/16/87 CBW
46 04/16/87 CBW
46 04/16/87 CBW
45 04/16/87 CBW
45 04/16/87 CBW
44 04/16/87 CBW
45 04/16/87 CBW
45 04/16/87 CBW
43 04/16/87 CBW
45 04/16/87 CBW
44 04/16/87 CBW
46 04/16/87 CBW
46 04/16/87 CBW
45 04/16/87 CBW



TABLE D-3. COMPLETE RECORD BEFORE AND AFTER INCIDENT (continued)

INCIDENT #7

TIME THR A/C TSE CRO TACH STAB DATE OPERATOR

10:38:00 1 0 1 0 936
10:38:01 1 0 1 0 936

10:38:02 1 0 1 0 936
10:38:04 . 1 0 1 0 912
10:38:05 1 0 1 0 936
10:38:06 1 0 1 0 936
10:38:08 1 0 1 0 936
10:38:09 1 0 1 0 912
10:38:10 1 0 1 0 936
10:38:12 1 0 L 0 912
10:38:13 1 0 L 0 960
10:38:14 1 0 L 0 984
10:38:16 1 0 3L 0 960
10:38:17 1 0 3L 0 1632
10:38:18 1 0 3L 0 1752
10:38:20 1 0 3L 0 1728
10:38:21 1 0 3I 0 1680
10:38:22 1 0 1L 0 1800
10:38:24 0 0 3L 0 2472
10:38:25 0 0 3L 0 1944
10:38:26 0 0 3 0 1488
10:38:28 0 0 3 0 1416
10:38:29 1 0 1 0 1104
10:38:30 1 0 1 0 960
10:38:32 1 0 3 0 840
10:38:33 1 0 1 0 912
10:38:34 0 0 1 0 2232
10:38:36 0 0 1 0 2088
10:38:37 0 0 1 0 1776
10:38:38 0 0 1 0 1872
10:38:39 0 0 1 0 2016
10:38:41 0 0 1 0 2352
10:38:42 0 0 1 0 2328
10:38:43 0 0 1 0 2304
10:38:45 0 0 1 0 1536

D-9

57 04/17/87 JKP
57 04/17/87 JKP
56 04/17/87 JKP
56 04/17/87 JKP
55 04/17/87 JKP
55 04/17/87 JKP
57 04/17/87 JKP
56 04/17/87 JKP
57 04/17/87 JKP
58 04/17/87 JKP
56 04/17/87 JKP
55 04/17/87 JKP

148 04/17/87 JKP
224 04/17/87 JKP
224 04/17/87 JKP
222 04/17/87 JKP
56 04/17/87 JKP

221 04/17/87 JKP
72 04/17/87 JKP
47 04/17/87 JKP
47 04/17/87 JKP
53 04/17/87 JKP
48 04/17/87 JKP
49 04/17/87 JKP
52 04/17/87 JKP
52 04/17/87 JKP
47 04/17/87 JKP
49 04/17/87 JKP
48 04/17/87 JKP
48 04/17/87 JKP
47 04/17/87 JKP
47 04/17/87 JKP
45 04/17/87 JKP
46 04/17/87 JKP
51 04/17/87 JKP



TABLE D-3. COMPLETE RECORD BEFORE AND AFTER INCIDENT (conUnued)

INCIDENT #8

TIME THR A/C TSE CRO TACH STAB DATE OPERATOR

12:03:35 0 1 0 960 58 04/17/87 JKP
12:03:37 0 L 0 912 59 04/17/87 JKP
12:03:38 0 L 0 936 59 04/17/87 JKP
12:03:39 0 L C 912 58 04/17/87 JKP
12:03:40 0 L 0 1200 47 04/17/87 JKP
12:03:42 0 0 L 0 2424 47 04/17/87 JKP
12:03:43 0 0 L 0 2784 46 04/17/87 JKP
12:03:44 0 o :L 0 2976 47 04/17/87 JKP
12:03:46 0 0 3L 0 2808 48 04/17/87 JKP
12:03:47 0 0 3L 0 2952 48 04/17/87 JKP
12:03:48 0 0 3L 0 3024 45 04/17/87 JKP
12:03:50 0 0 3L 0 3096 46 04/17/87 JKP
12:03:51 0 0 3L 0 3144 218 04/17/87 JKP
12:03:52 0 0 3L 0 2760 47 04/17/87 JKP
12:03:54 0 0 3L 0 2592 47 04/17/87 JKP
12:03:55 0 0 3L 0 2448 46 04/17/87 JKP
12:03:56 0 0 3L 0 2352 48 04/17/87 JKP
12:03:58 0 0 3L 0 1992 48 04/17/87 JKP
12:03:59 0 0 3L 0 1872 47 04/17/87 JKP
12:04:00 0 0 3L 0 1848 47 04/17/87 JKP
12:04:02 0 0 3L 0 1896 47 04/17/87 JKP
12:04:03 0 0 3L 0 1848 46 04/17/87 JKP
12:04:04 0 0 3 0 2184 47 04/17/87 JKP
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TABLE D-3. COMPLETE RECORD BEFORE AND AFTER INCIDENT (continued)

INCIDENT #9

TIME THR A/C TSE CRO TACH STAB DATE OPERATOR

15:21:55 L 0 L 0 888 52 04/20/87 GAC
15:21:56 L 0 L 0 912 53 04/20/87 GAC
15:21:58 3L o ;L 0 1032 211 04/20/87 GAC
15:21:59 3L 0 3L 0 912 55 04/20/87 GAC
15:22:00 3L 0 3L 0 888 53 04/20/87 GAC
15:22:02 3L 0 3L 0 960 56 04/20/87 GAC
15:22:03 3L 0 3L 0 888 53 04/20/87 GAC
15:22:04 3L 0 3L 0 912 52 04/20/87 GAC
15:22:06 3L 0 3L 0 936 51 04/20/87 GAC
15:22:07 3L 0 3L 0 888 52 04/20/87 GAC
15:22:08 3. .0 3 0 816 50 04/20/87 GAC
15:22:10 3 0 3 0 888 51 04/20/87 GAC
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TABLE D-3. COMPLETE RECORD BEFORE AND AFTER INCIDENT (continued)

INCIDENT #10

TIME THR A/C TSE CRO TACH STAB DATE OPERATOR

17:17:01 1 0 1 0 744 53 04/20/87 GAC
17:17:02 L 0 L 0 816 54 04/20/87 GAC
17:17:03 L 0 t 0 792 56 04/20/87 GAC
17:17:05 I 0 1 0 744 54 04/20/87 GAC
17:17:06 I 0 L 0 816 55 04/20/87 GAC
17:17:07 3L 0 L 0 864 57 04/20/87 GAC
17:17:09 3L 0 3L 0 816 55 04/20/87 GAC
17:17:10 3L 0 3L 0 616 56 04/20/87 GAC
17:17:11 3L 0 3L 0 792 57 04/20/87 GAC
17:17:13 3L 0 3L 0 840 200 04/20/87 GAC
17:17:14 3L 0 3L 0 816 55 04/20/87 GAC
17:17:15 3L 0 3L 0 840 57 04/20/87 GAC
17:17:17 3L 0 3L 0 864 55 04/20/87 GAC
17:17:18 3L 0 3L 0 768 54 04/20/87 GAC
17:17:19 3L 0 3L 0 840 54 04/20/87 GAC
17:17:21 3 0 3. 0 1008 49 04/20/87 GAC
17:17:22 C1 0 3 0 1032 49 04/20/87 GAC
17:17:23 1 0 1 0 744 55 04/20/87 GAC
17:17:25 1 0 1 0 792 54 04/20/87 GAC
17:17:26 C • 0 1 0 1128 48 04/20/87 GAC
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3000 RPM. During Incidenl #8 wilh the throttle open, Ihe engine speed increased only slightly, and
in fact, was not noticeable tothedriver ashewas accelerating up ahill. Anincrease ofapproximately
50 RPM was recorded during Incidenl#10, which wasalsohardly noticeable. In both of these "drive"
incidents, the current increase was for only 1second. The third "drive" incident (#7), however, was
veryapparent andoccurred just before the driveraccelerated from a redlight.

TSC performed further lesls lo evaluate the effect ofa fully opened idle-slabilizer valve on vehicle
performance. For these lesls, 1.3 amps ofcurrent were supplied lo the stabilizer valve by a battery
pack. A fully open valve caused this Audi to reach speeds of45 mph in drive and 25 mph in reverse
within 30 lo40 seconds. When thevalve was opened al 60 mph Ihe vehicle speed increased quickly to
65 mph and felt as ifthe cruise controlhadengaged. The electroniccontrolbox was examined and the
components were found to bediscolored, possibly due lo excess heat; these components alsoexhibited
a burnt odor.
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APPENDIX E

DRIVER COMPARTMENT MEASUREMENTS: 1975-1981
DOMESTIC VEHICLES

NU YR MODEL MILES SER ENG.CRCT Al .K2 .A4 .h5

1 81 PACER 16634 1AMCA0851BK146032 L-6 N N . . .

2 74 AMB 102591 A4A851H526158 V-8 N N

3 74 MAT 98267 A4A161A767810 L-6 N N

4 79 NY 4695 TH42K9B921306 V-8 Y N

5 80 NEWP 21576 TM41GAF106715 V-8 N N

6 80 CORD 33891 5H22GAD089541 V-8 Y C/V S B N
7 78 LEBARON 52681 FH22G8B523151 V-8 N N

8 76 IMP. 60001 VH22T6A542168 V-8 Y C/V S B N
9 74 N.Y 72136 CH42M4C671890 A N N . . .

10 76 NEWP 91561 CM41M6C207152 V-8 N N

11 80 ST.R 25725 EH43KAB210501 V-8 N N

12 78 DIP 41861 GH22086126814 L-6 N N

13 75 MONO 110423 DM41G5B532178 V-8 N N

14 75 CORO 121011 WM21K5P115812 V-8 N N

15 76 CHAR 62552 X522KGR113654 V-8 N N

16 77 MONA 68562 DM41G7B891062 V-8 N N

17 79 VOL 40415 HL41G9F123171 V-8 N N R B

18 75 DART 98686 LM21C5F697541 L-6 N N

19 77 FURY 82318 PH22G7A765126 V-8 N N

20 73 FURY 145691 RL41M3A951232 V-8 N N

21 78 CONT. 23414 8Y815876016 V-8 Y N

22 79 MARK V 26322 F94895619344F V-8 Y N

23 79 VERS 33739 F9W84F654390F V-8 Y C/R S B
24 7.5 MK.IV 72652 F5Y894089F V-8 Y C S B

25 79 GAL 52302 F9A63F144853F V-8N N . .

26 73 LTD 89088 F97B63S276874F V-8 N N

27 76 GAL 103352 6B765194932 V-8 N N

28 80 LTD2 39651 BE71BA678125 V-8 N N

29 80 TBIR 41565 FT71BA153478 V-8 Y N

30 74 TBIR . 125678 4Y87A115130 V-8 N N

31 73 TOR 78028 44425218914F V-8 N N
32 76 MAV 61478 FOE91612625 L-6 N N
33 80 FRMT 42589 OE91A126801 L-4 N N

34 79 GRAN 48961 OF9191160895 L-6 N N
35 81 MARQ 10291 1MEBP83F9CZ625031 V-8 N N
36 76 MARQ 50248 6274S527622 V-8 N N

37 73 MONT 138164 3B62A514151 V-8 N N
38 73 MONT 116688 3401L340962 V-8 N N
39 79 COUG 57950 9H93H942332 V-8 N N
40 78 DEV 67118 6D6958Q111516 V-8 Y V S B N
41 79 SEV 51233 6569B9Q243571 V-8 Y V/C F B N
42 79 ELD 81679 6L47T9Q235141 V-8 Y V/C F R N
43 77 FLW 41115 6F2357Q688115 V-8 Y V/C S B N
44 73 ELD 121677 6EL67R3Q221541 V-8 Y N . . .
45 73 CALA 101533 6CC49R39198215 V-8 N N
46 80 CAP 35069 1N47GAF268105 V-8 N N
47 79 IMP 42567 L47G95293881 V-8 N N
48 79 MALI 27570 IT27M9B067881 V-8 N N
49 80 M.C 51727 1M477AF952110 V-6 N N
50 73 CAP 101067 1H47K5P174999 V-8 Y N
51 73 IMP 130711 1I44H3P067118 V-8 N N
52 76 M.C 57276 1H57U6B6078081 V-8 N N
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NU YR MODEL Bl B2 B3 B4 CI C2 PI P2 P3 A

1 81 PACER 20 17 19 20 • 5.1 6 6.8 22
2 74 AMB 19 16 17 22 • 5.4 6.1 6.9 15
3 74 MAT 18 14 16 16 • 5.3 6.1 7 20
4 79 NY 25 27 27 26 • . 5 8.1 10 25
5 80 NEWP 21 14 13 19 • 6.1 8.1 10.2 35
6 80 CORD 20 20 19 16 N N 4.2 5.6 7 11
7 78 LEBARON 20 20 16 18 N N 5 5.8 7.1 12
8 76 IMP. 28 28 24 26 N N 6.8 7.9 9 24

9 74 N.Y 20 20 12 19 • 6 7.3 8.6 25
10 76 NEWP 15 15 15 15 • 6.1 7 7.9 25
11 80 ST.R 19 19 22 26 • 5 8 9.4 25
12 78 DIP 14 14 12 13 • 4.2 5 6.1 23
13 75 MONO 0 0 16 13 • 4.7 5.9 6.5 20
14 75 CORO 9 9 9 12 • 4.5 6 6.9 25
15 76 CHAR 13 13 13 13 • 3.8 5 6.7 -45
16 77 MONA 16 16 14 12 • 4.6 5.8 6.9 5
17 79 VOL 16 12 13 13 N 1Y 3 3.8 4.2 15
18 75 DART 15 14 16 16 • 4.8 5.9 7 15
19 77 FURY 18 15 15 16 # 6.7 9 11.1 15
20 73 FURY 0 0 0 0 • 5 6.5 8.2 0
21 78 CONT. 25 25 26 30 • 5.7 8 11 20
22 79 MARK V 28 28 27 36 • 6 6.8 7.9 20
23 79 VERS 20 22 22 21 Y4 1IA 4.2 5.1 5.9 20
24 75 MK.IV 21 21 21 25 • 4 5.4 7.1 8 20
25 79 GAL 0 0 0 16 • i 3.9 4.9 6.1 25
26 73 LTD 16 16 15 13' • « 5.1 6.8 9 15
27 76 GAL 0 0 0 0 • 4 5.9 7.8 20
28 80 LTD2 30 32 30 31 • « 3 5 8 9
29 80 TBIR 30 32 30 31 • « 4 7 9 9
30 74 TBIR 28 78 26 31 • « 6.8 9 11 15
31 73 .TOR 18 18 17 19 • i 5.4 6.7 8.1 68
32 76 MAV 26 27 25 26 • a 4 6 7 9
33 80 FRMT 26 26 29 28 • « 4 5.5 9 10
34 79 GRAN 25 25 18 28 • « 6.7 8.1 9.3 10
35 81 MARQ 30 31 31 33 • « 6 8.1 9.4 -20
36 76 MARQ 19 19 22 22 • • 6.7 9.1 10 73
37 73 MONT 13 13 15 16 • • 7 8.3 9.8 76
38 73 MONT 20 20 20 19 Y4 \ '4 5 7.1 8.6 54
39 79 COUG 22 22 19 19 • « 5.8 7 8.3 76

40 78 DEV 32 32 33 34 Y4 "iIA 6.8 8 9.9 32
41 79 SEV 0 0 0 24 Y5 "i15 7.3 9.8 12.4 80
42 79 ELD 0 0 0 22 Y5 "i'5 8 9.6 14.1 80
43 77 FLW 0 0 29 34 Y5 115 8.1 9.3 10.9 41
44 73 ELD 0 0 0 31 • a 8.6 10.2 13.9 81

45 73 CALA 0 0 0 19 • • 8.5 9.8 11 0

46 80 CAP 0 0 0 13 • • 5.3 6.8 9.1 45

47 79 IMP 0 0 0 10 • *j 6 8.3 9.5 45

48 79 MALI 14 15 14 14 • * 3.1 4 5.2 -35
49 80 M.C 16 16 15 19 • « 3.3 4.1 5.5 -35
50 73 CAP 12 12 13 15 • • 5.1 6 7.6 80

51 73 IMP 0 0 0 13 • • 4.9 5.5 6.2 45
52 76 M.C 0 0 0 15 • • 5 6.2 8 40
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NU YR MODEL B C Dl D2 E F Gl G2

1 81 PACER 47 47 18 14 142 59 90 40

2 74 AMB 54 48 11 21 121 57 - 86 52

3 74 MAT 55 48 14 19 121 57 90 '50
4 79 NY 70 40 5 10 100 40 40 22

5 80 NEWP 85 40 20 5 100 40 39 25

6 80 CORD 70 50 5 6 100 40 40 21

7 78 LEBARON 70 50 10 11 100 40 48 23

8 76 IMP. 72 90 20 21 99 40 40 17

9 74 N.Y 70 80 20 21 100 40 40 19

10 76 NEWP 70 40 20 21 100 40 39 13

11 80 ST.R 70 50 0 8 100 40 43 18

12 78 DIP 70 40 0 5 100 40 46 21

13 75 MONO 70 50 9 0 100 40 47 23

14 75 CORO 70 50 6 7 100 40 55 9

15 76 CHAR 70 50 0 6 100 40 50 25

16 77 MONA 70 50 4 2 100 40 45 - 30

17 79 VOL 70 50 0 0 100 40 50 5

18 75 DART 70 50 0 6 100 40 43 28

19 77 FURY 70 40 6 7 100 40 40 8

20 73 FURY 70 50 6 7 100 40 •50 19

21 78 CONT. 49 40 5 11 155 39 76 35

22 79 MARK V 48 40 10 11 155 40 80 43

23 79 VERS 48 40 0 0 155 39 58 33

24 75 MK.IV 48 40 11 16 155 39 70 42

25 79 GAL- 60. 33 10 11 155 38 77 22

26 73 LTD 60 23 10 9 155 39 76 15

27 76 GAL 48 40 25 12 155 39 80 38

28 80 LTD2 51 30 11 6 135 65 73 58

29 80 TBIR 52 30 11 6 135 65 76 52

30 74 TBIR 51 40 22 12 155 39 65 41

31 73 TOR 56 40 29 26 155 39 48 21

32 76 MAV 72 30 16 12 135 49 96 65

33 80 FRMT 73 40 25 17 155 39 82 70

34 79 GRAN 68 40 28 26 155 39 88 52

35 81 MARQ 67 40 16 10 155 50 77 29

36 76 MARQ 67 40 28 11 155 39 81 42

37 73 MONT 68 40 28 14 155 50 78 45

38 73 MONT 67 40 10 9 155 39 72 49

39 79 COUG 65 40 9 12 135 50 83 51
40 78 DEV 73 79 18 12 233 61 69 56
41 79 SEV 64 78 61 52 195 67 69 33
42 79 ELD 63 78 66 58 195 67 66 38
43 77 FLW 69 68 25 14 231 46 48 32
44 73 ELD 61 65 50 10 231 42 48 21
45 73 CALA 60 65 50 10 233 47 45 15
46 80 CAP 67 70 0 10 233 60 63 20
47 79 IMP 67 70 0 10 150 60 63 20
48 79 MALI 56 37 10 12 135 47 64 3
49 80 M.C 56 37 10 12 135 47 65 5
50 73 CAP 45 70 6 6 150 65 59 28
51 73 IMP 79 67 10 10 150 65 50 . 30
52 76 M.C 76 47 10 0 137 57 58 23
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MAKE

AUDI

AUDI

AUDI

AUDI

AUDI

AUDI

AUDI

BUICK

CADILLAC

CADILLAC

CADILLAC

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

CHEVY

FORD

FORD

FORD

FORD

FORD

FORD

FORD

FORD

FORD

FORD

FORD

FORD

FORD

FORD

FORD

FORD

FORD

FORD

APPENDIX F

DKIVEK COMPARTMENT MEASUREMENTS: 1984-1985
VEHICLES

MODEL

4000S

4000S

400S

5000

5000S

5000 TURBO

5000 TURBO

RIVERA

COUPE DEVIiL

ELDORADO

FLEETWOOD

CAMARO

CAMARO

CAMARO

CAPRICE CLAS

CAVALIER

CAVALIER

CAVALIER

CAVALIER

CELEBRITY

CELEBRITY

CELEBRITY

CELEBRITY

CELEBRITY

MONTE CARLO

MONTE CARLO

MONTE CARLO

MONTE CARLO

NOVA

CAMARO

ESCORT

ESCORT

ESCORT

LTD

LTD

LTD

LTD

MARK IV

MARK IV

MUSTANG

MUSTANG LX

MUSTANG LX

TEMPO

TEMPO

TEMPO

TEMPO

THUNDERBIRD

THUNDERBIRD

YR VINNO

82 WAUFA081XCA046192

84 WAUFA0817EA041826

83 WAUFA0811DA136056

84 WAUFB0444EN112406

84 WAUFBO449ENO80617

82 WAUGH0436CN065158

86 WAUHD0449GN069462

85 IG4EZ5745FE400664

85 1G6CD4781F4203083

85 1G6EL6789FE609954

85 1G6CB6980F4252905

85 1G1FP87S5FN106508

85 1G1FP87S6FL457231

85 1G1FP8757FH118614

85 1G1BN69Z7FH118614

85 1G1JC69P9FJ212700

85 1G1JD69P1FJ165188

85 IGIJD35PIFJ129098

85 1G1JB69P2FJ159870

85 IGIAWI93RXFG147557

85 IGIAW19R2FG138593

85 1G1AW19X7FG130780

85 1G1AW19R7F6120218

85 1G1AW19R7FG117893

85 1G1GZ37ZOFR199560

85 1G1GZ37Z4FR142178

85 1G1G237G7FR170247

85 1G1GZ37Z9FR142760

85 1Y1SK19486Z109452

85 IGIFP8759FN132433

85 2FABPO941FB103158

85 IFABPI347FTJI5667

85 1FABP0422FR154061

85 1FAB393366140697

85 1FABP3937FG176570

85 1FABP3932GG137516

85 1FABP3934GG142608

85 1MPJ3P98FY742943

85 1MRBP98F2FY742943

85 FABP2737GF278939

85 1FABPZ6A26F178019

85 IFABP28A3FF197805

85 1FABP22XXFK143583

85 1FABP23XXFK237798

85 2FABPZZX4FB211001

85 .

85 1FABP46F5FH197285

85 1FARP4637GH144417

F-1

LOCATION DATE CYL SEAT

CONCORD 10/22/86 4 BUC

CONCORD 10/15/86 4 BUC

CONCORD 11/12/86 5 BUC

CONCORD 10/20/86 5 BUC

• 12/15/86 5 BUC

CONCORD 10/14/86 5 BUC

CONCORD 12/05/86 5 BUC

CONCORD • 8 BUC

• • 8 BEN

CONCORD 11/25/86 6 BUC

CONCORD • 8 BUC

CONCORD 11/26/86 6 BUC

CONCORD 11/5/86 6 BUC

CONCORD 11/10/86 6 BUC

CONCORD 10/21/86 6 BUC

CONCORD 11/18/86 4 BUC

CONCORD 11/12/86 5 BUC

CONCORD 12/14/86 4 BUC

CONCORD 11/18/86 4 BUC

CONCORD • 4 BEN

CONCORD • 4 BEN

CONCORD 11/5/86 6 BUC

CONCORD 10/22/86 4 BUC

CONCORD 11/18/86 4 BEN

CONCORD 11/12/86 6 BUC

CONCORD 12/2/86 6 BUC

CONCORD 10/20/86 8 BUC

CONCORD 12/1/86 6 BUC

CONCORD 11/12/86 4 BUC

CONCORD • 6 BUC

CONCORD 11/10/86 4 BUC

CONCORD • BUC

CONCORD 11/10/86 4 BUC

CONCORD 11/17/86 6 BUC

CONCORD 11/3/86 6 BUC

CONCORD 11/11/86 6 BUC

CONCORD 11/11/86 6 BUC

CONCORD 11/3/86 8 BUC

CONCORD 11/4/86 8 BUC

CONCORD • 6 BUC

CONCORD 11/5/86 4 BUC

CONCORD 10/21/86 4 BUC

CONCORD 10/27/86 4 BUC

CONCORD 11/4/86 4 BUC

CONCORD 11/13/86 4 BUC

CONCORD 11/17/86 4 BUC

CONCORD 11/12/86 8 BUC

CONCORD 10/27/86 6 BUC



MAKE MODEL YR FUEL BDYSTL, TIL ODO TRAN PBRAK PSTR

AUDI 4000S 82 INJ 4DR N 80057 AUT •>
•

•>
•

AUDI 4000S 84 INJ 4DR N 59470 MAN Y Y

AUDI 400S 83 INJ 4DR N 77202 AUT • •

AUDI 5000 84 INJ 4DR N 68814 MAN Y Y

AUDI 5000S 84 INJ 4DR N 55825 AUT Y Y

AUDI 5000 TURBO 82 INJ 4DR N 84198 AUT Y Y

AUDI 5000 TURBO 86 INJ 4DR N 11509 AUT Y Y

BUICK RIVERA 85 CARB 2DR Y 35569 AUT Y Y

CADILLAC COUPE DEVILL 85 INJ 2DR Y 36731 AUT Y Y

CADILLAC ELDORADO 85 INJ 2DR Y 26208 AUT Y Y

CADILLAC FLEETWOOD 85 INJ 4DR Y 35887 AUT Y Y

CHEVY CAMARO 85 INJ 2DR Y 13898 AUT Y Y

CHEVY CAMARO 85 INJ 2DR N 21197 AUT Y Y

CHEVY CAMARO 85 INJ 2DR N 21627 MAN Y Y

CHEVY CAPRICE CLAS 85 INJ 4DR Y 69265 AUT Y Y

CHEVY CAVALIER 85 INJ 4DR N 70279 AUT Y Y

CHEVY CAVALIER 85 INJ 4DR N 10326 AUT Y Y

CHEVY CAVALIER 85 INJ WAG N 31604 AUT Y Y

CHEVY CAVALIER 85 INJ 4DR N 47755 AUT Y Y

CHEVY CELEBRITY 85 INJ 4DR Y 30697 AUT Y Y

CHEVY CELEBRITY 85 INJ 4DR N 45488 AUT Y Y

CHEVY CELEBRITY 85 CARB 4DR N 62230 AUT Y Y

CHEVY CELEBRITY 85 INJ 4DR Y 54776 AUT. Y Y

CHEVY CELEBRITY 85 INJ 4DR N 37903 AUT Y Y*

CHEVY MONTE CARLO 85 INJ 2DR Y 40253 AUT Y Y

CHEVY MONTE CARLO 85 INJ 2DR Y 41478 AUT Y Y

CHEVY MONTE CARLO 85 CARB 2DR Y 19448 AUT Y Y

CHEVY MONTE CARLO 85 INJ 2DR Y 38888 AUT Y Y

CHEVY NOVA 85 CARB 4DR N 5697 AUT Y Y

CHEVY CAMARO 85 INJ 2DR N 27095 AUT Y Y

FORD ESCORT 85 CARB WAG N 43209 AUT N Y

FORD ESCORT 85 INJ 4DR • 37090 AUT Y Y

FORD ESCORT 85 CARB 2DR N 19187 MAN N Y

FORD LTD 85 INJ 4DR Y 37740 AUT Y Y

FORD LTD 85 INJ 4DR Y 20862 AUT Y Y

FORD LTD 85 INJ 4DR Y 29537 AUT Y Y

FORD LTD 85 INJ 4DR Y 35212 AUT Y Y

FORD MARK IV 85 INJ 2DR Y 32588 AUT Y Y

FORD MARK IV 85 INJ 2DR Y 36492 AUT Y Y

FORD MUSTANG 85 INJ 2DR Y 11643 AUT Y Y

FORD MUSTANG LX 85 CARB 2DR N 7907 MAN Y Y

FORD MUSTANG LX 85 CARB 2DR Y 27121 MAN Y Y

FORD TEMPO 85 CARB 4DR N 27526 AUT Y Y

FORD TEMPO 85 CARB 4DR Y 34544 AUT N Y

FORD TEMPO 85 CARB 4DR N 2927 AUT Y Y

FORD TEMPO 85 INJ 2DR N 20981 AUT Y Y

FORD THUNDERBIRD 85 INJ 2DR Y 9988 AUT Y Y

FORD THUNDERBIRD 85 INJ 2DR Y 21841 AUT Y Y

F-2



MAKE MODEL YR AC CRCON SHIFT PV SWT

AUDI 4000S 82 N N CENCON POOR YES

AUDI 4000S 84 Y •? CENCON FAIR YES

AUDI 400S 83 Y N CENCON FAIR N

AUDI 5000 84 Y Y CENCON POOR YES

AUDI 5000S 84 Y Y CENCON GOOD LEFT

AUDI 5000 TURBO 82 Y Y CENCON POOR YES

AUDI 5000 TURBO 86 Y N CENCON POOR LEFT,,1"

BUICK RIVERA 85 Y Y STCOL GOOD N

CADILLAC COUPE DEVILL 85 Y Y STCOL FAIR N

CADILLAC ELDORADO 85 Y Y STCOL GOOD N

CADILLAC FLEETWOOD 85 Y Y STCOL GOOD N

CHEVY CAMARO 85 Y N CENCON GOOD N

CHEVY CAMARO 85 Y N CENCON FAIR N

CHEVY CAMARO 85 N N CENCON FAIR N

CHEVY CAPRICE CLAS 85 Y N STCOL GOOD YES

CHEVY CAVALIER 85 Y N CENCON FAIR LEFT,,26/32
CHEVY CAVALIER 85 Y N CENCON FAIR N

CHEVY CAVALIER 85 Y N CENCON FAIR LEFT 1+4/32
CHEVY CAVALIER 85 Y N CENCON FAIR LEFT,,15/32
CHEVY CELEBRITY 85 Y N STCOL UNK N

CHEVY CELEBRITY 85 Y N STCOL GOOD LEFT 16/32
CHEVY CELEBRITY 85 Y N STCOL GOOD N

CHEVY CELEBRITY 85 Y N STCOL GOOD N

CHEVY CELEBRITY 85 Y N STCOL GOOD N

CHEVY MONTE CARLO 85 Y N STCOL FAIR N

CHEVY MONTE-CARLO 85 Y Y STCOL GOOD N

CHEVY MONTE CARLO 85 Y Y CENCON FAIR N

CHEVY MONTE CARLO 85 Y Y STCOL EXCELLENT LEFT 27/32
CHEVY NOVA 85 N N CENCON GOOD N

CHEVY CAMARO 85 Y N CENCON GOOD LEFT 18/32
FORD ESCORT 85 N N CENCON POOR N

FORD ESCORT 85 N N CENCON POOR LEFT 21/32
FORD ESCORT 85 N N CENCON FAIR N

FORD LTD 85 Y Y STCOL GOOD N

FORD LTD 85 Y Y STCOL GOOD N

FORD LTD 85 Y Y STCOL GOOD N

FORD LTD 85 Y Y STCOL GOOD N

FORD MARK IV 85 Y Y CENCON FAIR N

FORD MARK IV 85 N Y CENCON FAIR N

FORD MUSTANG 85 Y Y CENCON GOOD LEFT 29/32
FORD MUSTANG LX 85 N Y CENCON GOOD N

FORD MUSTANG LX 85 Y Y CENCON FAIR YES
FORD TEMPO 85 Y N CENCON POOR YES
FORD TEMPO 85 Y Y CENCON POOR N

FORD TEMPO 85 Y N CENCON FAIR N

FORD TEMPO 85 Y N CENCON POOR LEFT, 1+5/32
FORD THUNDERBIRD 85 Y Y STCOL GOOD N

FORD THUNDERBIRD 85 Y Y STCOL FAIR N

F-3
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MAKE MODEL YR X4T X4M X4B X5 X6 B7 X8 Dl D2

AUDI 4000S 82 3.16 3.16 3.00 6.75 4.62 1.72 19.00 1.94 1.75

AUDI 4000S 84 2.12 2.12 1.56 5.50 3.50 2.09 22.50 1.37 1.28

AUDI 400S 83 3.12 3.12 2.78 6.56 4.75 1.84 19.25 2.12 2.19

AUDI 5000 84 2.28 2.37 1.69 6.25 4.62 2.56 22.75 1.84 1.69

AUDI 5000S 84 3.87 3.87 2.87 6.25 4.12 2.19 20.00 2.12 2.00

AUDI 5000 TURBO 82 3.94 6.62 5.47 3.37 18.25 0.91 1.19

AUDI 5000 TURBO 86 3.81 3.94 2.87 6.00 4.34 2.56 19.50 2.44 2.19

BUICK RIVERA 85 7.37 6.62 6.00 5.69 1.09 2.66 23.50 3.75 3.41

CADILLAC COUPE DEVILL 85 5.28 5.09 4.62 6.22 2.94 2.50 22.50

CADILLAC ELDORADO 85 7.25 7.66 6.00 6.00 0.50 2.25 24.00 4.88 5.25

CADILLAC FLEETWOOD 85 5.34 5.06 4.62 5.62 3.00 2.87 23.00

CHEVY CAMARO 85 5.75 5.41 4.81 4.50 2.37 2.25 20.25 3.37 1.62

CHEVY CAMARO 85 5.75 5.44 5.00 5.25 2.22 2.50 20.00 2.72 1.31

CHEVY CAMARO 85 3.47 3.09 2.50 4.88 2.16 2.81 20.00 2.53 1.75

CHEVY CAPRICE CLAS 85 5.75 5.44 5.00 6.50 2.78 3.00 22.50 2.56 2.50

CHEVY CAVALIER 85 4.34 4.00 3.59 5.56 3.00 2.37 21.25

CHEVY CAVALIER 85 3.87 3.75 3.31 6.00 3.00 2.75 22.00

CHEVY CAVALIER 85 3.75 3.47 3.12 5.50 2.87 2.62 22.00

CHEVY CAVALIER 85 4.34 4.06 3.97 5.37 3.00 1.78 22.00

CHEVY CELEBRITY 85 5.62 5.34 4.97 6.37 4.25 2.53 23.00

CHEVY CELEBRITY 85 5.69 5.37 4.91 6.00 3.56 2.84 23.00

CHEVY CELEBRITY 85 5.66 4.91 5.31 6.00 3.25 2.44 22.00

CHEVY CELEBRITY 85 5.78 5.37 4.97 5.91 4.00 2.81 22.00

CHEVY CELEBRITY 85 5.75 5.41 4.94 6.12 3.75 2.62 22.50

CHEVY MONTE CARLO 85 4.34 4.12 3.50 6.44 2.37 2.25 19.00 2.37 2.25

CHEVY MONTE CARLO 85 4.*31 4.03 3.53 5.94 2.09 1.75 18.25 2.19 2.12

CHEVY MONTE CARLO 85 4.37 4.09 3.66 6.50 2.41 2.12 18.75 2.00 2.19

CHEVY MONTE CARLO 85 4.28 4.00 3.62 6.00 1.87 1.66 18.75 2.75 2.41

CHEVY NOVA 85 3.75 4.03 3.62 5.72 3.37 2.37 20.50 2.41 2.34

CHEVY CAMARO 85 5.72 5.41 5.00 5.00 2.62 1.81 20.00 2.41 1.62

FORD ESCORT 85 3.50 3.22 2.78 6.75 4.06 3.62 20.50

FORD ESCORT 85 3.47 3.19 2.66 6.62 4.03 3.12 21.50

FORD ESCORT 85 2.25 2.16 1.66 6.37 3.94 3.72 20.75

FORD LTD 85 3.94 3.66 3.00 5.00 2.25 2.91 18.00 0.91 1.53
FORD LTD 85 4.00 3.66 3.25 5.31 2.37 3.72 18.25 1.09 1.16
FORD LTD 85 3.91 3.72 3.00 5.53 2.28 3.34 17.50 1.12 1.31
FORD LTD 85 4.00 3.75 3.00 5.12 2.25 2.78 17.75 1.09 1.62
FORD MARK IV. 85 4.03 3.72 3.16 5.00 1.91 2.69 16.75 1.03 1.22
FORD MARK .IV 85 4.06 3.72 3.00 4.75 2.12 2.59 16.75 0.84 1.00
FORD MUSTANG 85 3.25 2.94 2.37 5.37 2.62 3.25 18.00 1.28 1.75
FORD MUSTANG LX 85 2.28 1.91 2.19 5.66 2.37 2.75 18.00 1.25 1.78
FORD MUSTANG LX 85 2.31 2.19 1.94 5.31 2.31 2.87 17.75 0.94 1.62
FORD TEMPO 85 3.47 3.16 2.62 6.00 3.78 3.75 20.25
FORD TEMPO 85 3.41 3.25 2.75 5.72 3.69 3.28 18.75
FORD TEMPO 85 3.47 3.19 2.62 5.62 3.94 3.00 20.00
FORD TEMPO 85 3.37 3.25 2.50 5.87 3.75 3.16 20.00
FORD THUNDERBIRD 85 4.00 3.72 3.00 5.12 1.94 2.94 18.25 1.34 1.25
FORD THUNDERBIRD 85 4.03 3.69 3.00 5.09 2.25 2.81 18.00 1.16 0.91
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MAKE MODEL YR D3 X12 A13 X14 X15 X16 Gl

AUDI 4000S 82 1.56 0.69 0.12 10.19 22.75 . 2.00

AUDI 4000S 84 0.94 0.37 2.81 10.41 23.25 . 2.25
AUDI 400S 83 1.94 1.37 0.62 10.37 23.00 . 2.0*0
AUDI 5000 84 1.66 1.34 2.87 12.00 22.00 . 1.53
AUDI 5000S 84 1.50 1.37 0.00 11.00 23.66 . 2.25
AUDI 5000 TURBO 82 1.19 0.19 0.62 10.28 23.00 . 2.06
AUDI 5000 TURBO 86 1.34 1.34 1.34 10.44 23.75 . 1.59
BUICK RIVERA 85 2.16 0.62 2.50 12.06 25.50 . 2.87
CADILLAC COUPE DEVILL 85 0.19 2.50 9.37 25.94 . 3.41
CADILLAC ELDORADO 85 2.75 0.59 3.00 11.19 25.25 . 2.87
CADILLAC FLEETWOOD 85 0.00 2.53 9.00 26.25 . 3.00

CHEVY CAMARO 85 1.62 0.12 0.12 9.47 26.69 . 2.69
CHEVY CAMARO 85 1.12 0.16 1.87 9.00 26.00 . 2.50
CHEVY CAMARO 85 1.62 0.25 0.94 8.47 25.75 . 2.25
CHEVY CAPRICE CLAS 85 2.25 2.91 2.00 11.31 20.00 . 2.87
CHEVY CAVALIER 85 1.47 2.47 11.62 24.25 . 3.47
CHEVY CAVALIER 85 1.12 1.50 11.56 24.25 . 2.56

CHEVY CAVALIER 85 1.31 3.50 11.62 24.44 . 2.12

CHEVY CAVALIER 85 1.25 2.81 10.66 24.75 . 2.91
CHEVY CELEBRITY 85 0.87 3.75 11.06 25.50 . 2.37

CHEVY CELEBRITY 85 0.75 3.50 10.50 25.12 . 2.8T

CHEVY CELEBRITY 85 2.87 0.37 5.16 10.78 26.37 . 2.75
CHEVY CELEBRITY 85 0.00 3.78 11.59 27.25 . 2.28

CHEVY CELEBRITY 85 0.25 4.72 11.25 24.69 . 2.12
CHEVY MONTE CARLO 85 1.87 0.00 1.25 11.50 26.87 . 2.81

CHEVY MONTE CARLO 85 2.1-9 0.19 0.19 10.53 26.25 . 3.25
CHEVY MONTE CARLO 85 1.94 1.00 0.69 12.00 26.25 . 3.00

CHEVY MONTE CARLO 85 2.03 0.75 0.75 10.12 26.56 . 3.06

CHEVY NOVA 85 2.37 0.37 4.25 12.62 23.50 . 1.87

CHEVY CAMARO 85 1.53 0.78 1.00 7.87 26.94 . 2.25

FORD ESCORT 85 0.22 2.22 10.75 24.50 . 3.00

FORD ESCORT 85 0.62 2.12 10.78 24.75 . 2.81
FORD ESCORT 85 0.19 3.97 10.50 25.00 . 4.62
FORD LTD 85 1.62 0.87 1.03 10.00 25.75 . 2.91.

FORD LTD 85 1.19 1.03 0.25 9.75 25.12 . 2.50

FORD LTD 85 1.59 0.81 0.31 10.00 27.75 . 3.00

FORD LTD 85 1.62 0.91 0.87 9.62 24.75 . 2.62

FORD MARK IV 85 1.22 0.75 2.47 10.00 25.25 . 4.12

FORD MARK IV 85 1.09 0.41 0.09 10.44 25.87 . 3.22

FORD MUSTANG 85 1.69 0.62 0.75 10.44 25.87 . 2.66

FORD MUSTANG LX 85 1.69 0.75 0.75 10.75 25.75 . 3.00

FORD MUSTANG LX 85 1.53 0.56 1.28 10.00 23.25 . 2.66

FORD TEMPO 85 0.28 2.91 23.84 11.37 . 3.00

FORD TEMPO 85 2.91 0.19 2.84 10.87 25.34 . 2.81

FORD TEMPO 85 0.12 3.50 11.87 24.47 . 2.12

FORD TEMPO 85 0.50 4.12 11.87 24.62 . 2.59

FORD THUNDERBIRD 85 1.25 1.12 0.25 10.50 25.81 . 2.22

FORD THUNDERBIRD 85 0.81 0.59 2.22 26.37 11.19 . 3.16

F-6



en

0

xxxxxx.xxxxxxxxxxxxxxxxxxx«x•xx>•t»XXXXXXXXXXXXXXX

HenencMt^H^covor^^cncnoncM^i^in^enHiooinHinr^oinr^r^NHOcMinHoocMCMHinHr^HcMen
«lflHHooncD^<onlnoonownco^l^«(noo(NnNno^nHH(nl0^lrlco^H\0(nr.n(oooHlo

HrMCMCMHCMHCMCMCMHCMCMCMHCMCMCMCMCMCMCMHcnCMCMCMCMCMOCMCMCMHCMCMCMHHCMHHHCMHHCMCM

^voinfnvovoeMOcnocneMOin^o^enr^r^HCMCMinvocMr-»enr--t^invot^t^oeMHOH«4'eMOineMcooor-*^
^incMOvoHt^invooinvoot^nvoinmocnvovocMinHeninnenr^tnenenoHenocncnHocMvocMOOooo

CM

0OOHHOHOHHCMHOHOOHHHHHHHOHHHHHHOHHHHHHHOOHHHOHHHOH

04cM^en^^c>ivoinininintnininininininintntninininininininininininintntntni^
Xcoracoracocoocococococooocococococococococoeococococococococow

W
Q
O
E

W

OO
nn
P4P4
PP

COCO
OOCOOOOOHP.OH
ooooooot>PQH
OOOOOOOHOMM

t*H
>Q
MOO
QQO

5trr<4iinmininp,cjHfa

OuU

Hhh'm'm'XXXXXXXXXXXXXXXXXXX
HHHHHHHOHHH>>>>>>>>>>>>>'----r 0000000tr.tr.tr.tr.tr.tr.tr.tr.tr.tr.tr.tr.tr.
PPppppp

73

8ssss CJXXXXXPjPJPjPj
PiPiPiPiB*HB*btB*<rt<r4

•^^^wwwwWWHWHHHHHouoo

co«w«ehpjpjpjhJJh*im!mmmmmwwwwpj04p,p,
pH>>>>33aaaZZZZ>EUUUDDQQ
rf^^MWWWWOOOOO'JBlWWEt'Hfc'H
UUUcJUUUUUUSSSEZUHHH^^h)^

aa88HH

^>J5S25588 HHjZZgWW
333000000
EHEHEHPaPlPlPl^
gCOCOCOSSSS

ppwwww„
SEEhEhEhEhEh



MAKE

LINCOLN

LINCOLN

NISSAN

NISSAN

NISSAN •

NISSAN

OLDS

OLDS

OLDS

OLDS

OLDS

OLDS

PONTIAC

PONTIAC

PONTIAC

TOYOTA

MODEL

CONTINENTAL

CONTINENTAL

300ZX

300ZX

300ZX TURBO

MAXIMA

98

98

98

98

CUTLASS SUP.

CUTLAS SUPRE

FIERO

FIERO

FIERO

CELICA ST

YR VINNO

85 1MRBP97F2F4743706

85 1MRBP97F3F4743715

JNIHZ1453FX088040

85 JNIHZ1655FX042013

85 JNICZ1453FX064329

85 JNIHUIIS2FT006485

85 1G3CW6938F4310573

85 1G3CW6931F4314978

85 1G3CW693XF4325963

85 1G3CW693XF4325963

85 1G3GR69A7FR388125

85 2636M47AIF2326194

85 162PF3793FP230588

85 .

85 1G2PM37R4FP247387

85 JT2RA63C7F6236995
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IiOCATION DATE CYL SEAT

CONCORD 11/3/86 8 BUC

CONCORD 10/27/86 BUC

CONCORD a> 6 BUC

CONCORD 10/15/86 6 BUC

CONCORD 12/16/86 6 BUC

CONCORD . 11/24/86 6 BUC

CONCORD 11/26/86 6 BUC

CONCORD 11/26/86 6 BUC

CONCORD 11/5/86 6 BUC

CONCORD • 6 BUC

CONCORD 12/1/86 6 BEN

CONCORD 12/16/86 6 BUC

CONCORD 11/25/86 6 BUC

CONCORD 11/10/86 6 BUC

CONCORD • 4 BUC

CONCORD 10/14/86 4 BUC

ft

ft.

ft

ft

ft

•ft

ft

ft

ft



MAKE MODEL YR FUEL BDYSTL TIL ODO TRAN PBRAK PSTR

LINCOLN CONTINENTAL 85 INJ 4DR Y 34924 AUT Y Y

LINCOLN CONTINENTAL 85 INJ 4DR - Y AUT Y Y

NISSAN 300ZX INJ 2DR N 23848 MAN Y Y

NISSAN 300ZX 85 INJ 2DR Y 16515 AUT Y Y

NISSAN 300ZX TURBO 85 INJ 2DR Y 17522 AUT Y Y

NISSAN MAXIMA 85 INJ 4DR Y 26959 AUT Y Y

OLDS 98 85 INJ 4DR Y 39318 AUT Y Y

OLDS 98 85 INJ 4DR Y 33727 AUT • Y

OLDS 98 85 INJ 4DR Y 67018 AUT Y Y

OLDS 98 85 INJ 4DR Y 67018 AUT Y Y

OLDS CUTLASS SUP. 85 CARB 4DR N 37449 AUT Y Y

OLDS CUTLAS SUPRE 85 CARB 2DR Y 24511 AUT Y Y

PONTIAC FIERO 85 INJ 2DR Y 26169 AUT Y N

PONTIAC FIERO 85 INJ 2DR Y 11521 MAN Y N

PONTIAC FIERO 85 INJ 2DR N 18188 MAN Y N

TOYOTA CELICA ST 85 INJ 2DR N 25015 MAN Y Y
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MAKE MODEL YR AC CRCON SHIFT PV SWT

LINCOLN CONTINENTAL 85 N Y STCOL FAIR N

LINCOLN CONTINENTAL 85 Y - Y STCOL FAIR YES

NISSAN 300ZX Y Y CENCON FAIR LEFT 21/32
NISSAN 300ZX 85 Y Y CENCON POOR N

NISSAN 300ZX TURBO 85 Y Y CENCON GOOD N

NISSAN MAXIMA 85 Y Y CENCON GOOD LEFT 27/32
OLDS 98 85 Y Y STCOL GOOD N

OLDS 98 85 Y Y STCOL GOOD N

OLDS 98 85 Y Y STCOL FAIR N

OLDS 98 85 Y Y STCOL FAIR N

OLDS CUTLASS SUP. 85 Y N STCOL GOOD LEFT 8/32
OLDS CUTLAS SUPRE 85 Y Y STCOL GOOD N

PONTIAC FIERO 85 N N CENCON POOR LEFT 30/32
PONTIAC FIERO 85 Y Y CENCON FAIR N

PONTIAC FIERO 85 N N CENCON FAIR N

TOYOTA CELICA ST 85 Y N CENCON FAIR N
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u

MAKE MODEL YR SOF CIT CIM CIB E2 F3

LINCOLN CONTINENTAL 85 N 1.72 1.72 1.72 5.34 2.59

LINCOLN CONTINENTAL 85 YES 1.75 1.75 1.75 5.22 2.59

NISSAN 300ZX YES, TO LEFT 1.87 1.97 1.91 5.84 2.16

NISSAN 300ZX 85 N 1.94 1.94 1.94 5.91 2.31

NISSAN 300ZX TURBO 85 N 1.91 i:94 1.87. 5.91 2.25

NISSAN MAXIMA 85 YES 1.37 2.22 1.87 5.91 2.31

OLDS 98 85 N 1.81 2.09 2.22 4.91 2.00

OLDS 98 85 N 1.81 2.09 2.25 4.88 2.00

OLDS 98 85 N 1.81 2.03 2.22 5.03 2.06

OLDS 98 85 N 1.78 2.09 2.22 5.00 2.00

OLDS CUTIASS SUP. 85 N 1.69 2.00 2.09 5.28 2.34

OLDS CUTLAS SUPRE 85 N 1.62 1.91 2.09 5.34 2.37

PONTIAC FIERO 85 YES, TO RIGHT1.94 2.12 2.28 4.94 2.37

PONTIAC FIERO 85 RIGHT 1.94 2.12 2.25 5.00 2.25

PONTIAC FIERO 85 RIGHT 1.91 2.12 2.25 4.88 2.34

TOYOTA CELICA ST 85 N 1.72 1.72 1.72 4.25 2.41
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MAKE MODEL YR X4T X4M X4B X5 X6 B7 X8 Dl D2

LINCOLN CONTINENTAL 85 4.06 3.78 3.00 4.75 1.75 2.37 17.25 0.81 0.94

LINCOLN CONTINENTAL 85 4.09 3.75 3.22 4.81 1.69 2.75 17.25 1.00 1.25

NISSAN 300ZX 2.66 2.56 1.87 6.00 3.47 1.87 18.75 1.78 1.66

NISSAN 300ZX 85 4.41 4.06 3.41 6.31 2.25 2.62 18.25 1.34 1.56

NISSAN 300ZX TURBO 85 4.44 4.00 3.25 6.12 3.56 2.62 18.50 1.87 2.00

NISSAN MAXIMA 85 5.62 4.88 5.56 5.62 4.19 2.12 20.50 1.59 1.59

OLDS 98 85 5.28 5.06 4.62 6.87 2.75 2.50 23.00

OLDS 98 85 5.28 5.09 4.62 6.81 3.34 2.78 23.00

OLDS 98 85 5.28 5.09 4.72 6.00 4.16 2.94 23.00

OLDS 98 85 5.34 5.09 4.59 6.34 4.00 2.66 23.25

OLDS CUTLASS SUP. 85 4.31 4.09 3.72 6.00 2.81 2.19 19.25 1.81 2.00

OLDS CUTLAS SUPRE 85 4.34 4.09 3.50 6.34 2.25 2.31 18.50 2.19 1.75

PONTIAC FIERO 85 4.25 4.00 3.94 5.50 3.25 3.12 22.50 1.37 0.75

PONTIAC FIERO 85 2.37 2.12 1.72 5.75 3.50 2.12 15.50 1.53 1.06

PONTIAC FIERO 85 2.37 2.09 1.62 5.47 3.28 2.19 22.75 1.50 0.91

TOYOTA CELICA ST 85 2.25 2.16 1.69 5.81 3.72 2.62 18.25 2.53 1.53
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MAKE MODEL YR D3 X12 A13 X14 X15 X16 Gl

LINCOLN CONTINENTAL 85 0.62 0.75 0.41 10.81 25.75 * 3.50

LINCOLN CONTINENTAL 85 1.25 1.72 0.81 24.75 11.94. • 3.59

NISSAN 300ZX 1.00 0.00 1.87 10.25 25.00 • 1.62

NISSAN 300ZX 85 1.28 0.00 0.00 9.87 23.50 • 1.81

NISSAN 300ZX TURBO 85 1.66 0.00 0.00 10.19 25.12 BULGE 2.03

NISSAN MAXIMA 85 1.59 0.25 4.84 9.25 23.00 • 1.91

OLDS 98 85 0.56 3.50 10.50 26.00 • 3.00

OLDS 98 85 0.56 3.25 10.41 25.50 *> 2.75

OLDS 98 85 0.37 3.00 9.87 24.75 • 2.25

OLDS 98 85 0.62 2.81 10.06 24.72 . 2.25

OLDS CUTLASS SUP. 85 2.03 0.44 0.66 10.25 25.87 • 2.75

OLDS CUTLAS SUPRE 85 1.62 1.12 0.62 9.91 26.50 • 2.75

PONTIAC FIERO 85 0.84 0.00 6.50 7.31 0.00 BULGE 1.37

PONTIAC FIERO 85 1.12 0.34 6.25 8.00 25.50 BULGE 1.84

PONTIAC FIERO 85 0.84 0.00 6.50 7.50 25.25 BULGE 2.00

TOYOTA CELICA ST 85 1.16 0.25 2.34 8.87 24.72 • 2.28
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MAKE

LINCOLN

•LINCOLN

NISSAN

NISSAN

NISSAN

NISSAN

OLDS

OLDS

OLDS

OLDS

OLDS

OLDS

PONTIAC

PONTIAC

PONTIAC

TOYOTA

MODEL

CONTINENTAL

CONTINENTAL

300ZX

300ZX

300ZX_TURBO
MAXIMA

98

98

98

98

CUTLASS_SUP.
CUTLAS SUPRE

FIERO ~
FIERO

FIERO

CELICA ST

YR G2

85

85

85

85

85

85

85

85

85

85

85

85

85

0.

1.

0.

0.

0.

1.

1.

1.

1.

1.

1.

1.

1.

1.

85 1.

85 1.

87

12

50

94

62

25

75

59

62

47

87

25

37

19

50

00

G3

.00 Y

.12 N

.25

.91

.62

.00

.62

.72

.50

.37

.50

.25

.25

.78

.06

.81

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y
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