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friction stir welding fsw is a solid state joining process which possesses a
great potential to revolutionise the aerospace industries distinctive materials
are selected as aerospace alloys to withstand higher temperature and loads
sometimes these alloys are difficult to join by a conventional welding process
but they are easily welded by fsw process the fsw process in aerospace
applications can be used for aviation for fuel tanks repair of faulty welds
cryogenic fuel tanks for space vehicles eclipse aviation for example has
reported dramatic production cost reductions with fsw when compared to
other joining technologies this magazine will discuss about the mechanical
and microstructure properties of various aerospace alloys which are joined by
fsw process the events occurred in the last years have shown how the threat
related to both intentional and natural disasters could bring the civil and the
military worlds closer in the conceivement and deployment of
countermeasures as well as in the identification of effective strategies for
enhancing the planet safety and security in this frame the concept of dual use
the set of technologies and applications that can be exploited for both civil
and military purposes becomes a key topic in addition the aerospace is a
strategic building block in the deployment of a network centric environment
that aims at the global protection of the mankind aerospace is also a natural
environment for dual use many of the related enabling technologies have
been first developed for the military world and then applied to civil including
commercial purposes on september 12 14 2007 an international symposium
has been held in roma italy joining the dual use approach with the aerospace
technology the international community has been gathered around the key
topic aerospace technologies and applications for dual use the event has
called experts and operators from the military and civil community belonging



to industry scientific and governmental institutions the common aim was an
effective convergence between the available and perspected technologies for
the civil and military worlds as well as the conceivement of applications that
can take the maximum benefit from the dual approach optimizing the
available economic resources the symposium has included invited only
contributions and an industrial panel the main results of the symposium
derived from key note speeches invited lectures panel discussions and
conclusions have created the starting material to develop this edited book
advanced joining processes welding plastic deformation and adhesion brings
together a range of advanced thermal mechanical and chemical methods of
joining offering an up to date resource for those looking to understand and
utilize the very latest techniques efficient joining techniques are critical to a
range of innovative applications with technology in constant development the
first section of the book provides in depth information on advanced welding
techniques including friction stir explosive ultrasonic laser electron beam and
computational weld analysis and fatigue of structures the second section
highlights key developments in joining by plastic deformation adhesive
bonding and hybrid joining the coverage of each technique is supported by
practical guidance detailed analysis and finite element simulations this is an
essential reference for researchers and advanced students in joining welding
adhesion materials processing mechanical engineering plastics engineering
manufacturing civil engineering and automotive aerospace engineering as
well as engineers scientists and r d professionals using joining welding and
adhesion methods across a range of industries presents the latest research
findings and developments across welding joining by plastic deformation and
adhesion includes state of the art methods such as laser ultrasonic and
electron beam welding hybrid joining and the use of electromagnetic pulses
offers practical guidance detailed analysis and finite element simulations for
all techniques covered aerospace law is seeing a gradual merger between the
two previously isolated regimes of human conduct pertaining separately to air
and to space law the use of information technology is arguably the foremost
compelling force responsible for the unity of the aviation and space activities
of man it is therefore inevitable that information technology computer law
and the laws pertaining to state and individual responsibility are inextricably
intertwined in a net of legal issues which would emerge in this new
millennium frontiers of aerospace law introduces such issues as challenges to
be addressed both as corollaries and concomitants to this fundamental and



overriding trend in the merger between air and space law the issues range in
space from legal liabilities pertaining to extra terrestrial intelligence
environmental pollution in outer space conduct of persons in outer space to
cyber crimes affecting outer space activities and in air law issues such as
aircraft noise economic trends of airports and air navigation services funding
for aviation safety projects and emergent aero medical issues and privacy of
airline pilots its recommendations are geared to look future reality directly in
the face and find legal solutions in the realm of public international law
remedial measures are almost non existent in the field of aerospace law
except for a solid foundation given to the council of the international civil
aviation organization to hear disputes between states on matters relating to
civil aviation a facility which has so far scarcely been used in the
organization s 55 year old history apart from a few provisions in the various
space law conventions there is no single coherent settlement mechanism at
space law the increasingly rapid proliferation of space activities in the coming
years and their diversity leave no room for doubt that new laws will have to
be put into place and new mechanisms to combat problems will have to be
carefully thoug this proceedings volume from the 2001 tms annual meeting
exhibition covers advances made in the area of scientific understanding of
technological application of lightweight alloys papers focus on fundamental
science as well as application and concentrate on scientific advances in
aluminum magnesium titanium and beryllium alloys and their composites
processing structure property relationship failure mechanisms and advanced
joining themes are also discussed welding and joining techniques play an
essential role in both the manufacture and in service repair of aerospace
structures and components and these techniques become more advanced as
new complex materials are developed welding and joining of aerospace
materials provides an in depth review of different techniques for joining
metallic and non metallic aerospace materials part one opens with a chapter
on recently developed welding techniques for aerospace materials the next
few chapters focus on different types of welding such as inertia friction laser
and hybrid laser arc welding the final chapter in part one discusses the
important issue of heat affected zone cracking in welded superalloys part two
covers other joining techniques including chapters on riveting composite to
metal bonding diffusion bonding and recent improvements in bonding metals
part two concludes with a chapter focusing on the use of high temperature
brazing in aerospace engineering finally an appendix to the book covers the



important issue of linear friction welding with its distinguished editor and
international team of contributors welding and joining of aerospace materials
is an essential reference for engineers and designers in the aerospace
materials and welding and joining industries as well as companies and other
organisations operating in these sectors and all those with an academic
research interest in the subject provides an in depth review of different
techniques for joining metallic and non metallic aerospace materialsdiscusses
the important issue of heat affected zone cracking in welded
superalloyscovers many joining techniques including riveting composite to
metal bonding and diffusion bonding this book offers a comprehensive look
at materials science topics in aerospace air vehicle structures and
manufacturing methods for aerospace products examining recent trends and
new technological developments coverage includes additive manufacturing
advanced material removal operations novel wing systems design of landing
gear eco friendly aero engines and light alloys advanced polymers composite
materials and smart materials for structural components case studies and
coverage of practical applications demonstrate how these technologies are
being successfully deployed materials structures manufacturing for aircraft
will appeal to a broad readership in the aviation community including
students engineers scientists and researchers as a reference source for
material science and modern production techniques titanium ti and its alloys
are extensively used in the aerospace industry due to its compatibility with
composite materials high tensile strength lighter weight and corrosion
resistance but it is very hard to machine using conventional machining
therefore solid state joining processes such as friction stir welding fsw and
diffusion bonding db which produce near net shapes significantly reducing
the processing time with minimal wastage of material have been developed
however there is a lot of possibility that these processes induce various
defects in the weld bond zone if they are properly not operated destructive
testing proves to be very expensive to evaluate the quality of the bond this
motivates us to investigate the bond quality using non destructive testing ndt
techniques using ultrasonic testing because lithium is the least dense
elemental metal materials scientists and engineers have been working for
decades to develop a commercially viable aluminum lithium al li alloy that
would be even lighter and stiffer than other aluminum alloys the first two
generations of al li alloys tended to suffer from several problems including
poor ductility and fracture toughness unreliable properties fatigue and



fracture resistance and unreliable corrosion resistance now new third
generation al li alloys with significantly reduced lithium content and other
improvements are promising a revival for al li applications in modern aircraft
and aerospace vehicles over the last few years these newer al li alloys have
attracted increasing global interest for widespread applications in the
aerospace industry largely because of soaring fuel costs and the development
of a new generation of civil and military aircraft this contributed book
featuring many of the top researchers in the field is the first up to date
international reference for al li material research alloy development structural
design and aerospace systems engineering provides a complete treatment of
the new generation of low density al li alloys including microstructure
mechanical behavoir processing and applications covers the history of earlier
generation al li alloys their basic problems why they were never widely used
and why the new third generation al li alloys could eventually replace not
only traditional aluminum alloys but more expensive composite materials
contains two full chapters devoted to applications in the aircraft and
aerospace fields where the lighter stronger al li alloys mean better performing
more fuel efficient aircraft manufacturing processes for aircraft components
include broad activities consisting of multiple materials processing
technologies this book focuses on presenting manufacturing process
technologies exclusively for fabricating major aircraft components topics
covered in a total of twenty chapters are presented with a balanced
perspective on the relevant fundamentals and various examples and case
studies an individual chapter is aimed at discussing the scope and direction of
research and development in producing high strength lighter aircraft materials
and cost effective manufacturing processes are also included welding and
joining techniques play an essential role in both the manufacture and in
service repair of aerospace structures and components and these techniques
become more advanced as new complex materials are developed welding and
joining of aerospace materials provides an in depth review of different
techniques for joining metallic and non metallic aerospace materials part one
opens with a chapter on recently developed welding techniques for aerospace
materials the next few chapters focus on different types of welding such as
inertia friction laser and hybrid laser arc welding the final chapter in part one
discusses the important issue of heat affected zone cracking in welded
superalloys part two covers other joining techniques including chapters on
riveting composite to metal bonding diffusion bonding and recent



improvements in bonding metals part two concludes with a chapter focusing
on the use of high temperature brazing in aerospace engineering finally an
appendix to the book covers the important issue of linear friction welding
with its distinguished editor and international team of contributors welding
and joining of aerospace materials is an essential reference for engineers and
designers in the aerospace materials and welding and joining industries as
well as companies and other organisations operating in these sectors and all
those with an academic research interest in the subject provides an in depth
review of different techniques for joining metallic and non metallic aerospace
materials discusses the important issue of heat affected zone cracking in
welded superalloys covers many joining techniques including riveting
composite to metal bonding and diffusion bonding these papers provide a
review of the state of the art of advanced techniques of joining which are
currently available to manufactures they also make known newly emerged
joining techniques and spotlight outstanding problems which call for further
research and development session topics include diffusion bonding inspection
methods flaws and new processes and repair techniques aerospace presents an
extremely challenging environment for structural materials and the
development of new or improved materials processes for material and for
component production are the subject of continuous research activity it is in
the nature of high performance materials that the steps of material and of
component production should not be considered in isolation from one another
indeed in some cases the very process of material production may also
incorporate part or all of the component production itself and at the very least
will influence the choice of material component production method to be
employed how ever the developments currently taking place are to be
discovered largely within the confines of specialist conferences or books each
dedicated to perhaps a single element of the overall process in this book
contributors experts drawn from both academia and the aerospace industry
have joined together to combine their individual knowledge to examine high
performance aerospace materials in terms of their production structure
properties and applications the central interrelationships between the
development of structure through the production route and between structure
and the properties exhibited in the final component are considered it is hoped
that the book will be of interest to students of aeronautical engineering and of
materials science together with those working within the aerospace industry
harvey m flower imperial college 1 design requirements for aerospace



structural materials c j peel and p j gregson 1 advanced aerospace structures
depend to a large extent on new joining techniques the highest possible
material strength to weight ratio is an important demand advanced light
materials such as titanium alloys or plastic matrix composites are the answer
as well as improved welding and adhesive bonding processes often the
selection of the optimum joining technology is the prior condition for success
in introducing advanced structural components in the aircraft industry the
lecture series presents improved or new cost effective welding methods for
joints of high integrity and properties close to the parent metal progress in
joining composites is discussed based on modern design principles the lecture
series was sponsored by the structures and materials panel and organised by
the consultant and exchange programme of agard author this proceedings
volume from the 2001 tms annual meeting exhibition covers advances made
in the area of scientific understanding of technological application of
lightweight alloys papers focus on fundamental science as well as application
and concentrate on scientific advances in aluminum magnesium titanium and
beryllium alloys and their composites processing structure property
relationship failure mechanisms and advanced joining themes are also
discussed
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