
Preface

This book, as implied by the title page, is an extensively revised version of the former
“Metallurgical Assessment of Spacecraft Parts, Materials and Processes” published in 1997.
The present title has been modified to set it apart from the previous work and describe its
expanded content. The book has become more voluminous, this reflects the huge advances
made during the past 20 years when we have witnessed the increased usage of modern
materials and manufacturing techniques that were unforeseeable when the former book was
written. Also, the number of case studies and amount of general information has been
extended to become a source for engineers, space scientists, laboratory experimenters and
technicians. Although much of the book considers metallurgical aspects of spacecraft engi-
neering, there is now basic advice covering organic and ceramic materials as well as tech-
niques available for assembling them into essential sub-systems, reliable parts and structures.

A good number of the original illustrations are retained but many new ones have been
added. Several images reflect the quite remarkable outcomes of space projects. These include
high resolution images of Earth taken by satellites which are relevant for surveillance and the
forecasting of weather. Also included are fly-by images of enigmatic little moons and comets
captured by spacecraft after many years of voyaging in search of life and the origins of water
in our own Solar System. Equipment on-board the International Space Station and
satellite-based communications are mentioned. These have all been made possible by
breakthroughs in materials, processes and electronic-engineering.

Plato saw engineers as “doers” not “thinkers”. From ancient times no one expected engi-
neers to question what they were asked to build and consider the consequences of such
achievements. Nowadays engineers are more confident in their social role and have learned to
say “no” when the products are questionable or environmental damage may occur—the
generation of space debris is one pertinent example. Hopefully, some “lessons learnt” guid-
ance may ensue from the case studies and failure analyses recorded in this book. In 1986
engineers said “go” to the Challenger launch—other engineers said “no” but were over-ruled
and the space shuttle exploded shortly after lift-off. It is only in hindsight that we understand
that decision making can be extremely difficult, but such decisions must consider input from
all engineering disciplines and the recognition of material properties is vital.

A casual review of the Contents and Index will suggest to the reader that the subject matter
is likely to be of interest not only to spacecraft engineers, but in the broader sense, to workers
in quite different areas where metals, organic materials, composites, ceramics and glass are
used under terrestrial conditions or within high vacuum systems. Advancements in technology
always produce questions related to the reliability of new systems. Materials testing to agreed
codes of practice have been shown to help maximise the reliability of new materials, pro-
cesses, and applications. Metallography (or “materialography”) has led to an increased
understanding of failure modes. Much emphasis of this book has been placed on failure
analysis investigations. Each case must be developed in a logical manner—large-scale
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(macroscopic) features are initially investigated, then the microscopic features of the materials
involved. Test specimen or samples of spacecraft hardware must be meticulously prepared,
then examined using both light and electron microscopy. It is amazing how these techniques
have evolved and how the recording of images has progressed. The author and his metallurgist
contemporaries may well remember early student days when contributions to reports were
exquisitely detailed hand drawn micrographs or images captured on photographic plates. The
digital revolution has now enabled all levels of detail to be recorded using super-resolution
microscopes and the future seems to be heading towards 3-dimensional microscopy.

In this book I have endeavoured to achieve a reasonable balance between general back-
ground knowledge and in-depth technical information. An elementary understanding of metals
and materials on the part of the reader is assumed. I have deliberately excluded a compre-
hensive account of the techniques employed in modern materials laboratories (unless
specifically related to unusual space material test methods). Many texts are available and cited
in the Reference section. The Appendices have been extended and include many Tables
related to: spacecraft materials’ properties; alloy comparisons as they may be procured in
different countries; a simplified M&P management guideline for universities; and, examples of
Declared Materials and Processes Lists.

The space industry is a key sector in driving economic growth and creating new jobs. By
2030, the global space economy is predicted to be worth £400 billion per annum. At the time
of writing, the European space manufacturing industry alone has an unprecedented overall
turnover at £6 billion and a total direct employment of 38,000 persons. New spaceports will be
established and spaceplanes are most likely to be the next generations’ means for transporting
commercial and scientific payloads into orbit. Many future spacecraft engineers, space sci-
entist and technologists, all specialists in their own fields, may be aghast that some funda-
mental, ‘old-hat’ information is contained in this book. But it is the lessons-learnt scenarios
that have brought us to where we are today. The industry is expanding and new employees
need to learn from our past mistakes and, at least, understand why certain design rules exist.

The wide acceptance of the previous book has been most welcome, and I hope the new
changes and additions will also find approval by my colleagues in the space industry and
others in the wider engineering community.

Bosham, West Sussex Barrie D. Dunn
December 2015
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