Bernd Bertsche

Reliability in
Automotive and
Mechanical
Engineering

o &) Springer



Bernd Bertsche

Reliability in
Automotive and
Mechanical
Engineering

VDI
2 Springer



Reliability in Automotive and Mechanical Engineering



Bernd Bertsche

Reliability in Automotive
and Mechanical Engineering

Determination of Component and System Reliability

In Collaboration with Alicia Schauz and Karsten Pickard

With 337 Figures and 66 Tables

@ Springer



Prof.Dr. Bernd Bertsche
Universitat Stuttgart

Fak. 07 Maschinenbau

Inst. Maschinenelemente
Pfaffenwaldring 9

70569 Stuttgart

Germany

bertsche @ima.uni-stuttgart.de

ISBN: 978-3-540-33969-4 e-ISBN: 978-3-540-34282-3

DOI: 10.1007/978-3-540-34282-3
Library of Congress Control Number: 2008921996

© 2008 Springer-Verlag Berlin Heidelberg

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting,
reproduction on microfilm or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9,
1965, in its current version, and permission for use must always be obtained from Springer. Violations are
liable to prosecution under the German Copyright Law.

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply,
even in the absence of a specific statement, that such names are exempt from the relevant protective laws
and regulations and therefore free for general use.

Cover design: eStudio Calamar S.L., F. Steinen-Broo, Pau/Girona, Spain

Printed on acid-free paper

987654321

springer.com



Preface

Reliability and maintenance coupled with quality represent the three ma-
jor columns of today’s modern technology and life. The impact of these
factors on the success and survival of companies and organisations is more
important than ever before. Although these disciplines may be viewed as
non-profitable, experience has shown that neglecting or omitting them can
lead to severe consequences. This is underlined by the dramatically in-
creasing number of callbacks. In fact, over the last fifteen years the num-
ber of callbacks has tripled.

Just recently a huge recall in the toy industry occurred due to lead con-
taminated toys. In the automotive industry callbacks arise regularly for
several varying reasons. Since products are becoming ever more complex
and the available time for development is continuously decreasing, the
necessity for and influence of the three pillars: reliability, maintenance and
quality, will only continue to increase in the future. Considering one clas-
sic example of a complex product, the passenger car, while bearing the
callback statistics in mind, it is not surprising that the attributes “reliabil-
ity” and “quality” are the two most important considerations for customers
buying a new car.

This trend has been observed and confirmed over several years. The in-
creasing demand on reliability methods combined with the importance of
studying and understanding them led me to the decision to compose a book
about reliability and maintenance. Originally, this book was only published
in German, but requests from colleagues and companies all over Europe
and the USA induced me to bring out the English translation as well. This
book considers the basics of reliability and maintenance along with further
improvements and enhancements which were found by extensive research
work. In the following chapters, fundamentals are combined with practical
experiences and exercises, thus allowing the reader to gain a more detailed
overview of these crucial subjects.

The present book could not have originated without the help of the fol-
lowing persons, to whom I wish to express my appreciation. First of all,



VI  Preface

many thanks to Prof. Gisbert Lechner, who was initiator of the German
edition. I am grateful to Mrs. Alicia Schauz und Mr. Karsten Pickard for
the translation from German into English. Through their editorial and or-
ganisational work accompanied by their dedication and commitment they
together enabled and formed this book. I also would like to thank Ms. An-
drea Dieter for editing and overworking the illustrations. My exceptional
thanks goes to Mr. G.J. McNulty for his useful editorial suggestions. Fi-
nally, I would like to thank the publishing company Springer for their
helpful and professional cooperation.

Stuttgart, Autumn 2007 Prof. Dr. B. Bertsche
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1 Introduction

1t is impossible to avoid all faults
,, Of cause it remains our task to avoid
Saults if possible

Sir Karl R. Popper

Today, the term reliability is part of our everyday language, especially
when speaking about the functionality of a product. A very reliable prod-
uct is a product that fulfils its function at all times and under all operating
conditions. The technical definition for reliability differs only slightly by
expanding this common definition by probability: reliability is the prob-
ability that a product does not fail under given functional und environ-
mental conditions during a defined period of time (VDI guidelines 4001).
The term probability takes into consideration, that various failure events
can be caused by coincidental, stochastic distributed causes and that the
probability can only be described quantitatively. Thus, reliability includes
the failure behaviour of a product and is therefore an important criterion
for product evaluation. Due to this, evaluating the reliability of a product
goes beyond the pure evaluation of a product’s functional attributes.

According to customers interviewed on the significance of product at-
tributes, reliability ranks in first place as the most significant attribute, see
Figure 1.1. Only costs are sometimes considered to play a more important
role. Reliability, however, remains in first or second place. Because reli-
ability is such an important topic for new products, however it does not
maintain the highest priority in current development.

Reliability Assessment Scale
Fuel Consumption from 1 (very important)
Price to 4 (unimportant)
Design

Standart Equipment
Repair-/Maintanence Costs
Resale Value

Service Network i : : : J 21
Delivery Time_I : : : J 2.1
Prestige | : : : : 2.5
Good Price by Trade-in [; : : : : J2.6
0 05 1 15 2 25 3 35 4

Figure 1.1. Car purchase criteria (DAT-Report 2007)

B. Bertsche, Reliability in Automotive and Mechanical Engineering. VDI-Buch,
doi: 10.1007/978-3-540-34282-3 1, © Springer-Verlag Berlin Heidelberg 2008



2 1 Introduction

Surveys show that customers desire reliable products. How does prod-
uct development reflect this desire in reality? Understandably, companies
protect themselves with statements concerning their product reliability. No
one wants to be confronted with a lack of reliability in their product. Often,
these kinds of statements are kept under strict secrecy. An interesting sta-
tistic can be found at the German Federal Bureau of Motor Vehicles and
Drivers (Kraftfahrt-Bundesamt) in regards to the number of callbacks due
to critical safety defects in the automotive industry: in the last ten years the
amount of callbacks has tripled (55 in 1998 to 167 in 2006), see Figure 1.2.
The related costs have risen by the factor of eight! It is also well known,
that guarantee and warranty costs can be in the range of a company’s profit
(in some cases even higher) and thus make up 8 to 12 percent of their turn-
over. The important triangle in product development of cost, time and
quality is thus no longer in equilibrium. Cost reductions on a product, the
development process and the shortened development time go hand in hand
with reduced reliability.

170
160 167[]
150 -
140 1
130 137 1
120 123 ]
110 116 [ T T 1
100 105 [ T T T 1
20
80
70
60
50
40 H
301
20

ol H H H H H B B HH

0

Amount of callbacks

1998 1999 2000 2001 2002 2003 2004 2005 2006

Figure 1.2. Development of callbacks in automotive industry

Today’s development of modern products is confronted with rising
functional requirements, higher complexity, integration of hardware, soft-
ware and sensor technology and with reduced product and development
costs. These, along with other influential factors on the reliability, are
shown in Figure 1.3.
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Figure 1.3. Factors which influence reliability

To achieve a high customer’s satisfaction, system reliability must be ex-
amined during the complete product development cycle from the view-
point of the customer, who treats reliability as a major topic. In order to
achieve this, adequate organizational and subject related measures must be
taken. It is advantageous that all departments along the development chain
are integrated, since failures can occur in each development stage. Meth-
odological reliability tools, both quantitative and qualitative, already exist
in abundance and when necessary, can be corrected for a specific situation.
A choice in the methods suitable to the situation along the product life
cycle, to adjust them respectively to one another and to implement them
consequently, see Figure 1.4, is efficacious.
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Figure 1.4. Reliability methods in the product life cycle



