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Automotive Vehicle Safety

This unique book is both a practical design guide and a valuable reference book. 
The information it contains is essential for specialists such as designers, engineers,
manufacturers and lawyers, who need to make well-informed decisions in order to
ensure automotive safety. The inclusion of discussion topics and worked examples
makes the book relevant to students as well as professionals.

Automotive Vehicle Safety is an internationally-oriented discussion of how to evaluate
products, processes, services and systems. The authors identify key generic safety
principles and discuss their applications. Decision-making criteria are also explained,
and in-depth information on human simulation, human error control and driver
distractions is provided. The book details reconstruction techniques and methods of
crash testing, and looks at future vehicle safety and universal design.

George A. Peters is a licensed attorney, engineer, and psychologist. He is a 25 year
member of the Society of Automotive Engineers and has been elected a Fellow of the
American Association for the Advancement of Science and the Royal Society of Health.

Barbara J. Peters is a licensed attorney and is a Fellow of the Roscoe Pound Foundation.





Automotive Vehicle Safety

George A. Peters, Esq., J.D., P.E., C.S.P., 
C.P.E., FIOSH, FRSH
Registered Professional Engineer (California, Safety and Quality)
Licensed Psychologist (Medical Board of California)
Counselor at Law (California and U.S. Supreme Courts)
Fellow, The Royal Society of Health (U.K.)
Fellow, American Association for the Advancement of Science
Member, Society of Automotive Engineers
Santa Monica, California, U.S.A.

and

Barbara J. Peters, Esq., J.D., FRPF
Attorney at Law
Peters & Peters
Santa Monica, California, U.S.A.

London and New York



First published 2002 

by Taylor & Francis
11 New Fetter Lane, London EC4P 4EE

Simultaneously published in the USA and Canada
by Taylor and Francis Inc,
29 West 35th Street, New York, NY 10001

Taylor & Francis is an imprint of the Taylor & Francis Group

© 2002 George A Peters and Barbara J Peters

All rights reserved. No part of this book may be reprinted or reproduced or
utilised in any form or by any electronic, mechanical, or other means, now
known or hereafter invented, including photocopying and recording, or in
any information storage or retrieval system, without permission in writing
from the publishers.

Every effort has been made to ensure that the advice and information 
in this book is true and accurate at the time of going to press. However, 
neither the publisher nor the authors can accept any legal responsibility or
liability for any errors or omissions that may be made. In the case of drug
administration, any medical procedure or the use of technical equipment
mentioned within this book, you are strongly advised to consult the
manufacturer’s guidelines.

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloguing in Publication Data
A catalog record has been requested

ISBN 0–415–26333–6

This edition published in the Taylor & Francis e-Library, 2003.

ISBN 0-203-16630-2 Master e-book ISBN

ISBN 0-203-26092-9 (Adobe eReader Format)
 (Print Edition)



Dedication

This book is dedicated to Roberta B. Peters who reviewed and constructively questioned
the drafts of each chapter, typed and proofed the manuscript several times, and
encouraged the two already overworked authors by stating that the information
contained in this work could materially help those who are in a position to improve
automobile vehicle safety.





Contents

List of figures xiv
List of tables xv
Preface xvi
Acknowledgements xviii
Disclaimer xix

1 Introduction to vehicle safety 1
(a) Objectives 1
(b) Good intentions are not enough! 1
(c) Adequacy of knowledge 1
(d) Someone else’s responsibility 2
(e) The hear-no-evil problem 2
(f) Generic implications 3

2 Basic concepts of vehicle safety 4
(a) Underlying principles 4

(1) The public health analogy 4
(2) Prioritization of effort 5
(3) The significant trilogy 5
(4) Cause and effect 6
(5) Immediate objectives 6
(6) Justifiable reliance on conclusions 7

(b) Fail-safe 7
(c) Alternative design 8
(d) Redundancy and derating 9
(e) Fault tolerance 10
(f) Safety factors 11

(1) Design for uncertainty 11
(2) The disappearing safety factor 11
(3) Identifying the component safety factor 12

(g) Objective appraisals 12
(h) Unloading the driver 13
(i) Positive guidance 14
(j) Warnings and instructions 16
(k) Shielding (guarding) 16
(l) Interlocks (event sequencing) 18



(m) Facilitate avoidance behavior 18
(n) The protective cocoon 19
(o) Compliance-plus 20
(p) Universal design 21
(q) System engineering 22
(r) Survivability and injury reduction 24

(1) Contagion 24
(2) Anticipating the possible 24

(s) Digital models and man-testing 25
(t) Design by and for test 25
(u) Design for manufacturing and assembly 26
(v) Design for maintenance, repair, recycling, and disposal 28
(w) Appropriate marketing and leasing 29
(x) Recall and liability avoidance 31
(y) The informed purchaser and operator 32
(z) Participatory intervention 34

3 Risk evaluation: is it unsafe? 37
(a) The basic trilogy 37

(1) Definitions 37
(2) Examples 37
(3) Hazard prevention 38

(b) Decision models 39
(1) The absolute control model 39
(2) The excessive preventable risk model 40
(3) The expectations model 40
(4) The compliance model 40
(5) The comparative model 41
(6) The informed assumption model 41
(7) The shift-the-burden model 41
(8) The developmental risk model 41
(9) Design models 42

(10) Mental model of risk 42
(c) Balancing risks 42
(d) Combining risks 43
(e) Biological risk assessments 43

4 Human error control 45
(a) The blame game 45
(b) Basic approaches for human error analysis 46

(1) The passive approach 46
(2) The behavioral approach 47
(3) The situational approach 47
(4) The product design approach 47
(5) The multifactoral approach 48

(c) Illustrative errors 48
(1) Judgmental errors 48
(2) Anthropometrically induced errors 50

viii Contents



(3) Oversteering errors 52
(4) Braking errors 53
(5) Mismatch errors 54
(6) Language-induced errors 55
(7) Load placement errors 55
(8) Backup errors 56
(9) Drinking and gambling errors 56

(10) Blind-side errors 57
(11) Rough ground errors 58
(12) Risk-taking errors 59
(13) Misuse and abuse 60
(14) Curiosity 61
(15) Aggressiveness 61
(16) Awareness errors 62
(17) Vibration errors 63
(18) Negative transfer errors 63
(19) Speed estimations 64
(20) Assembly line errors 65
(21) Other errors 66

(d) Acceptable error 67
(e) Preventive measures 68

(1) Proactive plans 68
(2) Positive perspective 68
(3) Open causation 69
(4) Empirical data 69
(5) Responsible person 69
(6) Localization 69
(7) Validation 70
(8) Consequences 70
(9) Coordination of efforts 70

(10) Conceptual caveats 70

5 Risk communication 72
(a) Introduction 72
(b) Imagery 73
(c) Urgency 73
(d) Magnitude of the risk 74
(e) Readability 75
(f) Specific examples 76

6 Universal design 84
(a) Introduction 84
(b) The theory 84
(c) A reasonable standard of care 85
(d) Representative users 85
(e) Idiosyncratic risks 86
(f) Adjustability 86
(g) Injury levels 87

Contents ix



(h) Zero tolerance 88
(i) Affirmative action 88
(j) Costs of universal design 89
(k) Contractual compliance 89
(l) Simple products 90
(m) Conclusion 90

7 The distracted driver 92
(a) Introduction 92
(b) Distractors and risk reduction 92
(c) Information processing 97
(d) Health promotion 98
(e) Future research 99
(f) Conclusions 101

8 Occupant injury prevention: biokinetics 102
(a) Introduction 102
(b) Proper use of head restraints 103
(c) Airbags 105
(d) Problems less amenable 108
(e) Conclusions 115

9 Human simulation applications 116
(a) Introduction 116
(b) Early simulation 116
(c) Benefits and limitations 117

(1) Inappropriate validation 117
(2) The no-test approach 118
(3) Late testing 119
(4) Human predictability 119
(5) Sign-off assurance 119
(6) Controlled incremental simulator research 120

(d) Consequences 120
(1) Inadequate validation 120
(2) How much validation? 121
(3) Human size problems 121
(4) Billion dollar incentives 121
(5) Simulation to shorten design time 122

(e) The only reasonable test 122
(1) EMC and health effects 122
(2) The debugging process 123
(3) Tuning for the system 123
(4) Informed consent 123
(5) Military simulation 124
(6) The many forms of simulation 125

(f) Intentional bias 125
(1) The gold-plated component 125
(2) Liability defense 126

x Contents



(g) Six caveats 126
(h) Definitions 127

(1) Verification 127
(2) Validation 127
(3) Sensitivity 127
(4) Relevancy 127
(5) Simulation – legal 128

(i) Workplace applications 128
(j) Conclusions 128
(k) Relevant terminology 129

(1) Snubber (component simulation) 129
(2) Impact sled (component simulation) 130
(3) Static and dynamic tests (component simulation) 130
(4) Barrier tests (impact crash simulation) 130
(5) Test track (vehicle system simulation) 130
(6) Human digital modeling (human simulation) 130

10 Crash testing 131
(a) Human testing 131

(1) Introduction 131
(2) Volunteer testing 131
(3) Cadaver testing 132
(4) Dummies 132

(b) Crashworthiness 133
(1) Deceleration curves 133
(2) The square wave 133
(3) Injury tolerance 135
(4) Control of deceleration 135
(5) Pole testing 136
(6) Rear testing 137
(7) Side impact testing 137
(8) Rollover testing 138
(9) Other vehicle tests 138

(c) Compliance testing 139
(d) Component testing 140
(e) Competitive race testing 140
(f) Proving-ground testing 141
(g) In-field testing 141

11 Accident reconstruction 142
(a) Introduction and objectives 142
(b) The initial investigation 143

(1) Photographic documentation 143
(2) Measurements and diagrams 144
(3) Traffic collision (police) reports 146

(c) The search-and-marshal effort 147
(d) Analysis and reconstruction 148

(1) Vehicle crush 148

Contents xi



(2) The crash-event sequence 149
(3) Black-box data 150
(4) Momentum and energy 151
(5) Injury classifications 152
(6) Basic terminology 153
(7) General terminology 154

(e) Reports and graphics 161
(f) The follow-on 162

(1) Isolation 162
(2) Forget and repeat 162
(3) Not proven 162
(4) Reputation 163
(5) Previously overruled 163

12 Special design problems 165
(a) Age restrictions 165

(1) Motorcycles 165
(2) Replicas 166
(3) Other vehicles 166
(4) Boards 167
(5) NEVs 167

(b) Entrapment 168
(c) Ladders, steps, and platforms 169
(d) Batteries 171
(e) Highway safety 172
(f) The bulletproof office-on-wheels 173
(g) Pedestrians 173

13 Future vehicle safety 175
(a) Introduction 175
(b) Misuse 175
(c) Out-of-position occupants 175
(d) Human interaction 176
(e) Distractions 176
(f) Compensatory actions 177
(g) Universal design 178
(h) The precautionary principle 178
(i) Needed research 179
(j) The dealer’s choice 180
(k) Dealer restrictions 181
(l) Local issues 182
(m) Advanced features in future vehicles 182

(1) Styling and aerodynamics 182
(2) Four-wheel steering 182
(3) Display integration 183
(4) Adaptive headlights 183
(5) Global warming and emissions 183
(6) Design safety research 184

xii Contents



(7) Compromises 184
(8) Research on conduct 185

(n) Summary 185

14 Discussion questions 186

15 References and recommended reading 196

Index 203

Contents xiii



List of figures

5.1 Example of warning in door area 77
5.2 Example of warning on bed extender bar 77
5.3 Example of bilingual warning 78
5.4 Example of easily removable warning 79
5.5 Example of inconspicuous warning 79
5.6 Example of simple warning 80
5.7 Example of warning with too much information 80
5.8 Example of warning with pictorials and words 81
5.9 Example of warning with pictorials only 81
5.10 Example of well-placed pictorial warning 82
5.11 Example of low-risk warning 82
8.1 Low head restraint 103
8.2 High head restraint 104
8.3 Airbag 104
8.4 Adjustable head restraint 108
8.5 Curvature of the skull 109
8.6 Need for belt pretensioners 110
8.7 Integrated seatbelts 110
8.8 Shoulder-height seatbacks 111
8.9 Implications of offset crashes 111
8.10 Head restraint dimensions 112
8.11 Out-of-position control manipulation 112
8.12 Flip-down video monitors 113
8.13 Three-way video display 113
8.14 Proximity of rear passenger heads to the rear window 114
8.15 Four-point occupant restraints 114
8.16 Very small vehicle 115
10.1 Deceleration curves 134
10.2 Head impact tolerance 135
11.1 Crash sequence 150



List of tables

2.1 Objective probability analysis 13
3.1 Hazard prevention (top down) 39
4.1 Human error (non-critical) 68
5.1 Owner’s manual data 74
5.2 Readability 76
7.1 Human reaction times 95
7.2 Distraction stages 97
7.3 Distraction effects 100
7.4 Learning stages 101
8.1 Findings of head restraint study 104



Preface

This book is intended to fulfill a rapidly growing need for useful information on how
best to meet the demands and achieve an ever higher level of safety for products,
assemblies, systems, processes, and services. It should be rather obvious that design
safety has become far more important because of the more severe consequences from
failures, defects, discrepancies, recalls, improper risk assessments, and purely subjective
decision-making. This is an era of increasing competition, shorter design cycles, rapid
transition and change, pervasive electronics, and the delegation of design safety to many
suppliers, subassemblers, and outsourced assemblies. Some of the resultant issues are:
how can there be an assurance of safety with decentralized control? What are the
important design and system concepts necessary for the attainment of a high level of
safety throughout the design-to-disposal and recycling process? What is needed,
expected, and effective? And how is it done with the existing tools of the trade?

Form

This is not an argumentative, opinionated, or advocacy publication. It does not represent
the unique views of any special interest group. There are no tales of disastrous
consequences, no specific product or name identification, nor any controversial
speculative opinions or conclusions. Instead, the book attempts to present helpful,
straightforward, reliable, and factual information that is reasonable, acceptable,
practical, contains a fair balance of interests, and with an expression of cultural
limitations that might be realistically expected. A balance has been attempted so that
there will be minimal burdens commensurate with the desired product and system
improvement, successful attainment of safety goals and requirements, and compliance
with social expectations.

Application

There are many types, brands, and models of automotive vehicles to which design safety
procedures could be applied. A partial sampling of the universe might include passenger
vehicles, trucks, buses, motorcycles, snowmobiles, lawn and garden tractors, and other
self-propelled vehicles. It might include construction equipment, such as excavators,
motor graders, bulldozers, backhoes, trench diggers, and other earthmoving vehicles.
It might include farmstead equipment such as tractors, mowers, and combine harvesters.
It could include original or aftermarket accessories from hitching devices to electronic
entertainment. It could include consideration of the effects of agricultural chemicals in



vehicle mounted tanks, hazardous material in refuse trucks, and environmental factors
on military vehicles. Whatever the application, there is significant communality in terms
of the application of design safety techniques, concepts, principles, and methodology.

Acceptability

The contents of this volume have been discussed by the authors in lectures that have
been sponsored by professional associations and government agencies. Key concepts
have been published, by the authors, in peer-reviewed journals. Drafts have been
reviewed by sophisticated and experienced specialists. These efforts have proved very
helpful in formulating and presenting information that can be considered acceptable by
peer-review publication standards. Much of the information is new in published form,
but it springs from and is conditioned by actual experience. The hope is that it will
serve to help others in the difficult task of improving safety for the benefit of all persons,
interests, and enterprises.

Integrated safety

The authors of this book believe that the contents are an application of the basic
principles of what they call integrated safety. This is in sharp contrast with the separate
application, by various disciplines at different times and locations, of a variety of special
techniques such as those that predominate in system safety, reliability engineering,
human factors, quality, risk management, loss control, behavioral safety, traffic and
transportation engineering, intelligent vehicle research, accident reconstruction, and, in
particular, design engineering.

Gender, dollars and measurements

In the text that follows, measurements are given in English units, with some conversions
to metric units where it might be helpful. English units are the most commonly used in
the automobile industry, but there is a gradual shift toward the International System of
Units (SI); there are many symbols and terminology that could be used, and even the
notation for kinetic energy may be in any one of four symbols. For conversions and
precision, we recommend the use of references such as The CRC Handbook of
Mechanical Engineering (1998), 19–2 to 19–11 (F. Krieth, ed.), Bacon Raton, Fl: CRC
Press. The monetary units are given in US dollars, which may be converted into any
currency as of a given date.

For simplicity, the masculine word ‘he’ is meant to apply to both sexes. It also reflects
an industry heavily populated by males. However, it is a fact that some very talented
females now occupy positions in every aspect and corner of the industry, from entrance
level occupations to chief executive officers of corporations. This growing sexual
diversity is accompanied by cultural diversity resulting from the assimilation of various
national groups into the increasingly international operations of various enterprises.
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1 Introduction to vehicle safety

(a) Objectives

The purpose of this publication is to provide useful information that could save lives,
prevent personal injury, reduce property damage, and generally improve the individual’s
quality of life.

It is assumed that a better understanding of good design practices will enable product
improvement that manifests significantly less risk to humans, machines, and the
environment. A better comprehension of the overall requirements may help to reduce
system errors and faults. A broader appreciation of societal interests may help in
balancing risks and determining what is reasonable under the circumstances. In some
respects, this document could serve as a complementary ‘safety design manual’ or
supplemental ‘safety training handbook’ for a wide variety of industrial and commercial
enterprises. Its academic importance should be self-evident.

(b) Good intentions are not enough!

Despite the good intentions of many engineers, safety problems regularly occur in a wide
variety of products, processes, and systems. If safety were merely a matter of good
intentions and common sense, there would be few if any accidents, recalls, liability
fears, lost profits, or problems of insurability, loss of use of cash reserves, and possible
adverse publicity that could affect market shares. Design safety is not achieved by chance
or hope, complacency or compliance, the application of ethical and moral values, or
simple exhortations as to exemplary safety objectives. Achieving safety is a fairly
sophisticated process and requires special effort.

We have entered a new era of fairly constant design improvements, more radical
changes in design, ever more compressed design-to-market cycles, high-volume produc-
tion schedules, more diverse marketplaces, and significant world trade competition.
Safety problems can suddenly appear and have dramatic consequences. Assurance of
acceptable levels of product safety cannot be left to chance and the good intentions of
individuals or companies. Specific techniques and assurance procedures are corporate
health essentials.

(c) Adequacy of knowledge

A design engineer may have had very little academic preparation or on-the-job training
in terms of specific design safety principles, techniques, or knowledge. The engineer



may be suddenly assigned an important design safety function in connection with his
work. There may be little or nothing available in terms of sources of information. The
company safety guidelines, engineering manuals, or policy documents may abound with
good-sounding generalities, but fail to address specific questions or provide the necessary
help. The design supervisor or reviewer may have had little more in terms of design 
safety experience and knowledge, except for some highly specialized but very limited
applications. The engineer may try to the best of his capability, but a lack of relevant
knowledge or available tools of the trade may convert an otherwise capable engineer
into a mistake-prone learner. This book may furnish some guidance and awareness that
could serve to compensate for the lack of knowledge that is so prevalent in many
industries.

(d) Someone else’s responsibility

During the design process, the focus is usually on iteratively obtaining desired product
performance, correcting problems as they arise, meeting strict schedules, obtaining
design approvals, attempting to meet all specifications and requirements, and seeking
to obtain customer satisfaction. Under such circumstances, safety may be assumed to
be adequate and relegated to a secondary service function. It is also assumed that if there
are potential safety problems, they will receive attention, testing, and correction by
others. In some companies, safety is considered almost as a non-design or after-design
function. In essence, design safety may be delegated, relegated, or simply overlooked 
in a large compartmentalized company bureaucracy. It may be a broadly shared
responsibility, superficially implemented by all, with no real accountability.

An example of ‘shifting responsibility’ may be found in an engineer’s opinion as to
the ‘safe use’ of a product. The eventual product user is generally urged or expected 
to apply common sense in dealing with the product, to follow directions and instructions
correctly, to avoid misuse and abuse, and to exercise due care for his own safety. This
shifts the responsibility to the consumer who, logically, should act with great care as to
his own personal safety. If there should be effective safe-use communication with the
consumer, user, operator, worker, or bystander, it could reduce accidents. But history
has shown that it will not eliminate accidents and sometimes is virtually ineffective. This
is the reason why a reverse shifting of responsibility has occurred. The engineer may be
considered to have more pertinent knowledge and be in a better position to design-out
problems (hazard prevention) to completely eliminate the prospective source of injury.
In essence, the reverse-shift is urging the engineer to exercise greater care in the design
of a product, process, or service.

The lesson to be learned is that design safety is a sophisticated task, there should be
clear responsibility for it, and it should not be diffused as always being someone else’s
responsibility.

(e) The hear-no-evil problem

During the design process, those who convey ‘good news’ are very welcome. This is
particularly true if it involves meeting a difficult schedule milepost, passing a key test,
achieving a higher than expected performance level, or coming in under budget. Those
who convey negative messages usually suffer the fate of the unwelcome messenger.
Unfortunately, the discovery of a possible safety problem is ‘bad news’ because of its
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negative effect in terms of required problem resolution efforts, added cost, and time
delay consequences. Since design managers do not welcome bad news and this may be
perceived as a desire to hear no evil, the design engineer may not want to frustrate the
managers by conveying bad news about safety problems. In essence, it is politically
unpopular to discuss a safety problem unless there is overwhelming credible evidence
as to its actual existence, and even that may be vigorously challenged. This suggests 
that the design safety process be established and conducted in such a manner that it
cannot be neutralized, fudged, or subjectively contorted to produce only good news. The
philosophical approach should be that early discovery of a potential safety problem
saves the considerable time and cost that would have to be expended at a later date.

(f) Generic implications

This book may seem to focus on product safety, but the principles and techniques 
are actually generic and have wide potential application. The obvious emphasis is on
automotive vehicles, but this could be considered illustrative in character and analogous
to what might be applied in other industries.

Vehicle safety may seem to be exclusively a design engineering function. But, as this
book clearly reveals, vehicle safety problems may originate from damage during
fabrication, assembly-line errors and omissions, and flaws during manufacture that are
intentional in character. Safety problems may be caused by damage during vehicle
transport to the dealer, particularly for import vehicles. Dealers may introduce problems
during showroom demonstrations and rides, or from service and repair discrepancies.
The owner-operator may subject the vehicle to misuse, abuse, or a failure to understand
proper care. Aftermarket accessories and customizing of vehicles may affect vehicle
safety. Thus, examples of causation from a variety of sources and relevant remedies are
a hallmark of this volume.

The achievements of the automotive industry surround us and have fundamentally
changed the world in which we live. The benefits are obvious. The resulting safety
problems are well known and some are highly publicized. There are now many more
companies in the automotive industry, they are more widely dispersed geographically
around the world, they produce many more diverse and complex products, and the
market for a greater variety of self-propelled vehicles in more countries is increasing.
This increases the probability that more safety problems will emerge, and these may
challenge objectives relating to corporate and social responsibility. Therefore, this book,
which provides a comprehensive review on how to prevent vehicle safety problems, is
needed by engineers, managers, and corporate officers. Safety assurance is not good luck;
it must be earned by attention to detail.
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