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Introduction

A house is only as strong as its foundation, and the same applies to all man-made
devices and systems. The foundation of any product, as well as of workmanship, is
quality. Quality is, however, a moving target and simple inspection tools do not
suffice for thousands of new and of revamped elder products offered to the market
every year.

The need for high quality, reliable products, and systems in industry and the
military has set the stage for a great expansion in the field of quality control and
reliability. It also brought forward the requirement for a much better understand-
ing, by engineers and projects managers, of the concepts underlying quality, its
tools, and the enlarged domain of their implementation.

When it comes to quality control, many good books are available on
mathematics written for mathematicians. The gap that this book intends to fill is
that of practical applications. The mathematician’s approach is absolute rigor and
purity. The engineer, on the other hand, has to do compromises. The most perfectly
engineered device is an optimum of conditions which, at times, may require less in
terms of theories but more of an iron discipline on quality.

By means of practical examples and case studies the book offers insight into
how a “high quality/controlled cost” strategy works, and what it takes to put it in
place and sustain it. The case of Japan’s Fukushima Daiichi nuclear plant had
much more to do with disregard of quality control and reliability principles than
with the risks associated to nuclear power production.

The same is true of the Macondo incident in the Gulf of Mexico which
underscored that safe operations require rigorous quality control systems and
procedures. Process quality assurance is fundamental to our ability to open new
frontiers in engineering—deep water drilling being an example.

The electronics industry, too, has plenty of quality control problems particularly
connected to manufacturing by western firms in developing countries. Quality
control is a high riding subject also in mechanical engineering, as exemplified by
quality failures such as the massive car recalls by Toyota and other vehicle vendors.
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X Introduction

Quality challenges have as well confronted administrative offices and logistics
operations. An example is operational risk failures in the course of office work.

The practical examples on quality control applications included in this book can
be divided into two main classes. Those relating to quality in the large which offer
the broad view of what quality assurance is all about; and those coming directly from
the production floor which, though highly important, could be looked at as quality in
the small.

Quality in the large starts at the drafting board and its presence dominates
throughout manufacturing engineering and field maintenance. Its concepts parallel
those of reliability engineering, with experimental design at the core of the product
assurance effort.

Based on these notions, Part I concentrates on product quality in the large.
Chapter 1 defines the sense of product assurance; Chap. 2 presents the broader
concepts underpinning quality control; Chap. 3 explains what is meant by designing
for better quality at an affordable cost.

We live in a service economy and this has implications in service assurance. It is
absolutely unacceptable that the quality of services is wanting and the results
obtained from man-made systems look like the roll of the dice. What is meant by
wanting service quality is explained in Part II through two case studies. They both
focus on quality in the large in the domain of service assurance.

The theme of Chap. 4 is a detailed step-by-step explanation of quality failures in
an alternative energy project due to “I can not care less” policies and an unprece-
dented imprudence. The dramatic failures in quality assurance and reliability in the
Fukushima Daiichi nuclear plants are the background of the case study in Chap. 5 on
man-made catastrophes.

Product reliability, Part III subject, is also a theme in the realm of quality in the
large. Chapter. 6 first explains, then demonstrates the similarities and differences
between quality and reliability assurance. Chapter. 7 documents why reliability
assurance is inseparable from lifecycle maintainability.

Though the book’s contents have been deliberately tuned to applications, not
theories, there is a need for a basic background on quality control and reliability
assurance. The domain which they share is statistical inference. To this subject is
dedicated Part IV. In addition, stochastic thinking provides the conceptual bridge
between quality in the large and quality in the small.

Chapter 8 offers the reader an introduction to stochastic thinking; Chap. 9
explains sampling methods, and principles underpinning them; Chap. 10 concen-
trates on the decision power of operating characteristics curves; Chap. 11 focuses on
experimental design and Latin squares.

The four chapters of Part V concentrate on statistical control at the production
floor—hence, quality in the small. Chapter 12 explains the fundamental concept of
statistical quality inspection; Chap. 13 offers practical examples on quality control
charts by variables; Chap. 14 explains the relative advantages of statistical quality
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control by attributes and its applications. Chapter 15 concludes this book by pre-
senting the reader with practical examples of statistical quality control charts for
small- and medium-sized enterprises, like lot templates. It also brings to the reader’s
attention the cultural prerequisites necessary for an implementation of successful
statistical quality control—from cultural issues to open communications channels.

Throughout its 15 chapters, the book provides the reader with both principles of
and practical examples on quality control applications. Particular attention has been
paid to enlarging the perspective of quality and reliability and on demonstrating how
quality control solutions can be customized. Cookie-cutter approaches which are
often applied to quality problems in business and industry will serve neither quality in
the large nor quality in the small.

Both the larger picture of a design for quality control and attention to detail are a
premium. Do not listen to what is often said that paying attention to detail means one
does not have the brains to look at the bigger picture. Without detail we do not know,
much less understand, all the aspects of the quality control system we are working
with.

This is counterproductive. If you know yourself and know your opponent you do
not need to worry about the outcome of 100 battles, said 2500 years ago by Sun Tzu,
the great Chinese statesman and general. Do we really know ourselves and what we
can deliver?

I am indebted to a long list of knowledgeable people, and of organizations, for
their contribution to the research which made this book feasible. Also to several
senior executives and experts for constructive criticism during the preparation of the
manuscript. Most particularly Dr. Heinrich Steinmann, Dr. Nelson Mohler,
Eva-Maria Binder, Prof. Eike Jessen, and Dean Vijay Dhir.

Let me take this opportunity to thank Anthony Doyle for suggesting this project,
Grace Quinn for seeing it all the way to publication, Tanja Jager and Gayathri
Umashankar for the production of the book.

Valmer and Entlebuch, January 2012 Dr. Dimitris N. Chorafas
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Product Quality



Chapter 1
Product Assurance

1.1 Product Assurance Defined

When we talk of technology and of technological progress what we mean is the
application of scientific discoveries through engineering. The quest for scientific
advances is the object of basic research which works at the frontiers of knowledge.
Scientific discoveries are brought forward toward practical implementation by
applied research while development, the next step, produces useful products.

It is not easy to say a priori how valuable and beneficial a new product is going
to be. For some of them demand is already there; whatever promotes health
services in an ageing society is an example. For others the demand must be
created. This is the role of marketing which is the driving source of sales.

The driving force of product development is technology. But which technol-
ogy? The way an old saying has it: The technology you have is not the one you
want; the technology you want is not the one you need; the technology you need is
not the one you can obtain; the technology you can obtain is not the one you can
afford. Real life may not be so negative; but using technology is not the only
requirement. A company also has to deliver the right level of product quality.

The management of quality is not an option. It is an obligation for every
company, for every designer, and every manufacturing engineer. It is, as well, a
basic responsibility of all senior executives. From research and development
(R&D) to design, prototyping, production, and field maintenance all personnel, not
only that performing specific quality functions, must have sufficient and well-
defined:

e Authority,
e Responsibility, and
e Organizational freedom to identify, evaluate, and report quality problems.

This can be effectively done only when the corporate culture is right and when
the senior management gets directly involved in reviewing the status and adequacy
of the quality embedded in engineering designs, as well as in manufacturing
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4 1 Product Assurance

processes. The accountability connected to product assurance requirements must
be specific and detailed. Both organizational units and persons, should be directly
responsible for quality.

As Confucius said, in his time,' however, the assignment of responsibilities can
only then be effective when there exist clear definitions. Today, both in the
literature and in the day-to-day practice, terms like quality management, quality
control, quality assurance, and product assurance tend to be used interchange-
ably—while, evidently, they do not mean quite the same thing to all people. This
creates a state of diffused responsibility.

Product assurance is the broader term which includes quality assurance. As a
concept it is a guarantee extending from producer to consume. By itself, quality
assurance indicates whether a product (or process) conforms to specifications and
is within established engineering tolerances. The tendency is to associate product
assurance to engineering design and all the way to after sales service, while quality
assurance relates more closely to manufacturing.

Another term widely used since the 1950s is reliability (see Chaps. 6 and 7),
sometimes confused with product assurance. That is wrong. Reliability is not an
ability. It is the probability that under specified environmental conditions and over
a given period of time, the engineered product will operate without failure to
accomplish a specified mission.

This book provides evidence that quality and reliability complement one
another and they must both be designed into a product at the drafting board.
Engineering specifications and tolerances should reflect technical requirements
related to the intended use of the product, but a simple adherence to them does not
guarantee quality or reliability:

e Apart of being controlled at production level, quality will be verified in the
course of operations with preventive maintenance playing a critical role, and

e Quite often, the quest for a product’s reliability will start with destructive
testing, and then follow through at component, subsystem, and system levels by
means of physical testing and simulation.

Not only original designs but also manufacturing engineering and the produc-
tion process itself are great contributors to quality and reliability, as well as to its
contrary: Poor quality and unreliabi