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Preface

This volume is the first comprehensive compilation of friction stir welding (FSW) and
friction stir processing (FSP) data. It should be a valuable handbook to students studying
joining and metal working practices, to welding engineers challenged to improving prop-
erties at reduced costs, to metallurgists needing new tools to locally improve properties,
and to all engineers interested in sustainability; i.e., the ability to build structures while
minimizing the negative impact to our environment. In the 15 years since the invention
of FSW at TWI in 1991, research throughout the world has been extensive, and consid-
erable information has been published in conference proceedings and technical journals.
Although FSP arrived later, publications describing benefits attributable to FSP are
increasing rapidly. Unfortunately, access to the data is not always convenient and thus
potential users, students, educators, and others, cannot and are not fully aware of the ben-
efits offered by FSW/P. This limits understanding and thus the ability of FSW/P to
expand beyond the laboratory and into structural applications. Notable and successful
exceptions to these are illustrated in the chapter on applications. However, the expansion
into production applications can accelerate if an understanding of FSW/P and the associ-
ated benefits were more readily accessible. Within this volume, we have tried to compile
the current understanding of the fundamentals of FSW/P as well as to provide a moder-
ately extensive database. This volume includes an accessible state-of-the-art overview;
essentially the starting point from which a more detailed search of the literature can be
initiated when more information is required. It is not intended to provide all the data pre-
sented in the literature but does guide the reader to detailed references. Since both FSW
and FSP are young technologies, this is just the beginning. Hopefully, this volume will
be followed with an updated information base as more data become available and as we
gain a more complete understanding of the process fundamentals.

FSW/P was first applied to aluminum alloys; therefore, the data presented herein for
the most common aluminum alloys are quite extensive. These data illustrate mechani-
cal, fatigue, and corrosion properties that can be realized for each alloy category when
using sound FSW/P procedures. However, the reader is cautioned not to extrapolate
even within the same alloy class because of subtle processing differences, which can
result in considerable differences in resultant properties. A data base for the higher tem-
perature alloys is growing. With the recent development and improvement in tooling
capable of higher temperature operation, FSW/P is starting to be applied to the copper,
iron, and nickel base alloys. The data for these alloys is not extensive, but what is avail-
able is presented herein. Due to the considerable benefits and ease of application, we
anticipate friction stir welding and friction stir processing will be technologies of rapid
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growth following the normal progression of fundamental research, data development
and eventually structural applications.

This initial reference volume is the collective effort of leading researchers who are
active in the FSW/P community and whose by-lines appear throughout this volume. We
gratefully thank and commend each of them for their contributions and considerable
efforts. Each contributor to this volume has drawn on the research of colleagues and
associates whose work is dutifully referenced. We thank these many researchers and
their support staffs. Only through our composite efforts can we continue to advance sci-
ence and engineering and contribute to society as a whole.

Rajiv S. Mishra

University of Missouri-Rollo
Murray W. Mahoney
Rockwell Scientific Company
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