NONDESTRUCTIVE TESTING

HANDBOOK

olume 7

Itras

~—destructive Testing
This is a preview. Click here to purchase the full publication. r



https://www.normsplash.com/ASNT/197661688/ASNT-147?src=spdf

Provided by : www.spic.ir

NONDESTRUCTIVE TESTING

HANDBOOK

Volume 7

Ultrasonic
Testing

CD-ROM v. 1.01

Technical Editors
Gary L. Workman
Doron Kishoni

Editor
Patrick O. Moore

) American Society for Nondestructive Testing

This is a preview. Click here to purchase the full publication.

Third Edition


https://www.normsplash.com/ASNT/197661688/ASNT-147?src=spdf

Provided by : www.spic.ir

Copyright © 2007
AMERICAN SOCIETY FOR NONDESTRUCTIVE TESTING, INC.
All rights reserved.

ASNT is not responsible for the authenticity or accuracy of information herein. Published opinions and statements do
not necessarily reflect the opinion of ASNT. Products or services that are advertised or mentioned do not carry the
endorsement or recommendation of ASNT.

IRRSP, Level III Study Guide, Materials Evaluation, NDT Handbook, Nondestructive Testing Handbook, The NDT Technician
and www.asnt.org are trademarks of the American Society for Nondestructive Testing. ACCP, ASNT, Research in
Nondestructive Evaluation and RNDE are registered trademarks of The American Society for Nondestructive Testing, Inc.

ASNT exists to create a safer world by promoting the profession and technologies of nondestructive testing.

American Society for Nondestructive Testing, Incorporated
1711 Arlingate Lane

PO Box 28518

Columbus, OH 43228-0518

(614) 274-6003; fax (614) 274-6899

www.asnt.org

Library of Congress Cataloging-in-Publication Data
Ultrasonic Testing / Editors, Gary L. Workman, Doron Kishoni, Patrick O. Moore
-- 3rd ed.
p. cm. -- (Nondestructive testing handbook ; v. 7)

Includes bibliographic references and index.

ISBN: 978-1-57117-105-4 (alk. paper)

1. Ultrasonic testing. I. Workman, Gary L. II. Kishoni, Doron. Ill. Moore,
Patrick O.

TA417.4.U39 2007

620.1'1274--dc22
2007015747

ISBN-13: 978-1-57117-163-4

Errata

Errata if available for this printing may be obtained from ASNT’s Web site, <www.asnt.org>, or as hard copy by mail, free on
request from ASNT at the address above.

first printing 05/07

Published by the American Society for Nondestructive Testing
PRINTED IN THE UNITED STATES OF AMERICA

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ASNT/197661688/ASNT-147?src=spdf

Provided by : www.spic.ir

President’s Foreword

The mission of the American Society for
Nondestructive Testing (ASNT) is to create
a safer world through the promotion of
the nondestructive testing (NDT)
profession and the application of its
technologies. Our society has a strong
volunteer tradition and a talented staff.
Together, they provide opportunities for
NDT professionals to improve their skills
and apply their talents through the
exchange of information and experiences
relating to NDT. Because of the nature of
our work, our customers expect NDT
professionals to perform at the highest
possible level with little room for error.
ASNT aids their initial and continued
professional development through
published materials and numerous
activities — international, national and
local. The NDT Handbook series continues
to be one of the finest examples of what
society volunteers and staff can
accomplish when focused on a goal and
working together to accomplish it.
ASNT’s future depends on the creation,
improvement and sharing of information
so that safety and reliability stay at the
forefront of product development and
inservice evaluation of existing
components. This volume of the
NDT Handbook represents the efforts of
many dedicated professionals who have

embraced change and given freely of their

time with the mission of making a
difference in their profession. There were
scores of individual contributors and
reviewers, both volunteers and staff, in an
essential ongoing partnership.

A special thanks is due to Handbook
Coordinator Harb Hayre and to Technical
Editors Gary Workman and Doron
Kishoni for their commitment to this

project. Their editing required an in-depth

understanding of the technology. The job
is long and tedious and must be driven
first from the heart and then from the
mind.

I also thank NDT Handbook Editor
Patrick Moore and other ASNT staff for
their guidance and continued pursuit of
excellence. They have made sacrifices
necessary to ensure quality and value to
our members.

To our volunteers: you are our greatest
asset. You do not appear on the financial
balance sheet, but you make this society
great. [ would like to challenge each NDT
professional to get involved in making

our professional organization better,
especially if you feel that important
information is missing from any society
publication. Each of you has unique
knowledge and experiences. The
volunteers who worked on this NDT
Handbook were willing to share their
expertise. When you study this volume,
you will learn from their knowledge and
experiences.

Please consider an active role in
succeeding volumes of the NDT Handbook.
Your participation will allow future
readers to gain from your wisdom and
experiences.

Again thanks to all who contributed.

Marvin W. Trimm
ASNT President, 2006-2007
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Foreword

iv

technical editors, ASNT staff, many
Aims of a Handbook contributors and reviewers worked
o together to bring the project to
The volume you are holding in your hand completion. For their scholarship and

is the seventh in the third edition of the dedication, I thank them all.
Nondestructive Testing Handbook. In the

beginning of each volume, it has been Gary L. Workman

useful to state the purposes and nature of Handbook Development Director

the NDT Handbook series.

Handbooks exist in many disciplines of
science and technology, and certain
features set them apart from other
reference works. A handbook should
ideally give the basic knowledge necessary
for an understanding of the technology,
including both scientific principles and
means of application.

The typical reader may be assumed to
have completed three years of college
toward a degree in mechanical
engineering or materials science and
hence has the background of an
elementary physics or mechanics course.
Additionally, this volume provides a
positive reinforcement for the use of
computer based media that enhances its
educational value and enlightens all levels
of education and training.

Standards, specifications,
recommended practices and inspection
procedures may be discussed in a
handbook for instructional purposes, but
at a level of generalization that is
illustrative rather than comprehensive.
Standards writing bodies take great pains
to ensure that their documents are
definitive in wording and technical
accuracy. People writing contracts or
procedures should consult the actual
standards when appropriate.

Those who design qualifying
examinations or study for them draw on
handbooks as a quick and convenient way
of approximating the body of knowledge.
Committees and individuals who write or
anticipate questions are selective in what
they draw from any source. The parts of a
handbook that give scientific background,
for instance, may have little bearing on a
practical examination except to provide
the physical foundation to assist handling
of more challenging tasks. Other parts of
a handbook are specific to a certain
industry. This handbook provides a
collection of perspectives on its subject to
broaden its value and convenience to the
nondestructive testing community.

The present volume is a worthy
addition to the third edition. The editors,

Ultrasonic Testing | This ig a preview. Click here to purchase the full publication.
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Preface

The Nondestrucive Testing Handbook:
Ultrasonic Testing continues to include a
broad range of techniques and
applications as shown in this handbook.
This third edition volume builds upon the
very extensive and in-depth information
contained in the second edition and
brings additional robust and up-to-date
information on this rapidly changing
field. Ultrasonic techniques are used for
discontinuity detection, material property
characterization and physical
measurements such as thickness gaging.
Many ultrasonic concepts that were
primarily research topics for the second
edition have now matured into well
defined applications in the third edition.
This volume offers more extensive
contributions of techniques such as
phased arrays, guided waves, laser
ultrasonics and newer signal processing
techniques; as well as a broader range of
applications in the aerospace industry. We
continue to profit from international
contributions, promoting a larger
knowledge base for nondestructive testing
worldwide.

The third edition of Ultrasonic Testing
includes many changes in the way
ultrasonic inspections are performed
because of advances in computer
technology. New equipment and
techniques enable improved data
collection and analysis, both in the
laboratory and in the field. These
advances in technology also provide
improved imaging capability and better
understanding of ultrasonic
measurements with theory.

This volume represents the work of
many in the field who were able to
contribute their time and effort to provide
latest state-of-the-art information. In
addition, many volunteers were able to
review and return comments in short
order. We are indebted to both groups for
bringing this volume to publication in
less than two years. We are also indebted
to the Ultrasonic Testing Committee in
ASNT’s Technical and Education Council
and to Harb Hayre, who provided support
as the handbook coordinator. We also
wish to express our gratitude to Patrick
Moore and his staff for their thoroughness
and diligence in preparing the volume for
publication in a timely manner.

Gary L. Workman
Doron Kishoni
Technical Editors
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Ultrasonic Testing

It was a different world when ASNT was
founded in 1941. The United States was
not yet an ally in World War II. Acoustic
tests using inaudibly high frequencies
were called supersonic in the 1940s
because that term had not yet

been co-opted by aircraft traveling faster
than sound. The first edition of the
Nondestructive Testing Handbook was
published in 1959. Ten years earlier, its
editor, Robert McMaster, had published an
extensive survey of nondestructive testing
patents. At that time, in 1949, ultrasonic
tests were called mechanical vibration tests
and were lumped together with various
modulus measurements and sonic
techniques. In the 1950s, ultrasonic
testing became well established as a
method for discontinuity detection.

ASNT published the ultrasonic volume
of the second edition in 1991, in time for
ASNT’s 50th anniversary. The text files for
that volume were keyed entirely by ASNT
staff working on a Wang™ word
processor. Images in illustrations were all
shot, imposed and archived as hard copy
images and did not exist digitally, not
anywhere. The text files for that book
were archived and survived as ASCII files
until 2003, when they were converted to
word processing files formatted for use in
desktop publishing.

The second edition Ultrasonic Testing
remains the single largest book that ASNT
has ever published. The technical editors
for that volume were Robert Green and
Albert Birks; the staff editor was Paul
MclIntire. The good effects of their work
on the second edition have survived into
the third. Half of the 1991 volume has
been updated and survives as more than
half of this 2007 edition.

Planning by ASNT’s Ultrasonic
Commnittee for the third edition became
earnest at a meeting in Austin in
Spring 2004. The book became more
streamlined in concept as the committee
agreed to eliminate redundancies in its
coverage from one chapter to the next
and to focus on providing information
useful to Levelll and Level III inspectors.
The outline omitted reference tables
available elsewhere and theoretical
analyses of interest to a few. The
committee affirmed the vision of the
series as instructional. The result is the
concise treatment of the subject in the
book you are holding.

A fourth of ASNT’s membership and
half of its certification holders are
overseas. Gradually and irrevocably, the
United States is changing to international
units of measurement. This volume’s
technical review is especially indebted to
close attention by volunteers from the
United States Metric Association. The
accuracy and omnipresence of
international units in the third edition of
the NDT Handbook help to ensure that the
series will be of value both to the world
that ASNT serves and to posterity.

Likewise, alloys throughout are
identified according to the Unified
Numbering System.

I would personally like to thank
members of ASNT staff who helped to
make this book better. Hollis Humphries
and Joy Grimm produced many excellent
graphics. Grimm also laid out the
chapters, and Humphries proofed the
book and produced its CD-ROM version.

People listed as contributors in the
acknowledgments below were also
reviewers but are listed once, as
contributors.

Patrick O. Moore
NDT Handbook Editor

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ASNT/197661688/ASNT-147?src=spdf

Provided by : www.spic.ir

Acknowledgments

For the chapter on electric power
applications, the contributor and editors
would like to thank Jay L. Fisher and
Southwest Research Institute; Grady
Lapleder and IHI Southwest Technologies;
and Michael Moles and Olympus NDT.

For information on piezoelectric
materials, the first part of Chapter 3 is
indebted to the Vernitron Division of
Morgan Matroc.

The first three parts of Chapter 14 are
indebted to volunteers of Boeing
Aerospace. Some information on airframes
is from second edition contributions from
Douglas Aircraft Company, now part of
Boeing Aerospace.

Handbook Development
Committee

Gary L. Workman, University of Alabama,
Huntsville

Michael W. Allgaier, Mistras

David R. Bajula, Acuren Inspection

Albert S. Birks, Naval Surface Warfare
Center

Richard H. Bossi, Boeing Aerospace

Lisa Brasche, Iowa State University

James E. Cox, Zetec, Incorporated

David L. Culbertson, El Paso Corporation

James L. Doyle, Jr., NorthWest Research
Associates

Nat Y. Faransso, KBR

Robert E. Green, Jr., Johns Hopkins
University

Gerard K. Hacker, Teledyne Brown
Engineering

Harb S. Hayre, Ceie Specs

Eric v.K. Hill

Frank A. Iddings

Charles N. Jackson, ]Jr.

Morteza K. Jafari, Fugro South

Timothy E. Jones, American Society for
Nondestructive Testing

John K. Keve, DynCorp Tri-Cities Services

Doron Kishoni, Business Solutions USA

Xavier P.V. Maldague, University Laval

George A. Matzkanin, Texas Research
Institute

Ronnie K. Miller

Scott D. Miller, Saudi Aramco

Mani Mina, Technology Resource Group

David G. Moore, Sandia National
Laboratories

Patrick O. Moore, American Society for
Nondestructive Testing

Stanislav I. Rokhlin, Ohio State University

Frank J. Sattler

Fred Seppi, Williams International

Kermit A. Skeie

Roderic K. Stanley, NDE Information
Consultants

Stuart A. Tison, Millipore Corporation

Noel A. Tracy, Universal Technology
Corporation

Satish S. Udpa, Michigan State University

Mark F.A. Warchol, Alcoa

Glenn A. Washer, University of Missouri
— Columbia

George C. Wheeler

Contributors

Laszlo Adler

George A. Alers

Theodore L. Allen

David R. Bajula, Acuren Inspection

Yoseph Bar-Cohen, Jet Propulsion
Laboratory

Anmol S. Birring, NDE Associates

Richard H. Bossi, Boeing Aerospace

Byron B. Brenden

Frederick Anthony Bruton, Southwest
Research Institute

Francis H. Chang

Dale E. Chimenti, Iowa State University

Brozia H. Clark, Jr.

Laura M. Harmon Cosgriff, Cleveland
State Universityand NASA Glenn
Research Center

John C. Duke, Jr., Virginia Polytechnic
Institute

David S. Forsyth, Advanced Materials,
Manufacturing, and Testing
Information and Analysis Center

Hormoz Ghaziary, Advanced NDE
Associates

Lawrence O. Goldberg, Seatest Services

Matthew J. Golis, Advanced Quality
Concepts

Karl F. Graff, Edison Welding Institute

Robert E. Green, Jr., Johns Hopkins
University

Andrew L. Gyekenyesi, Ohio Aerospace
Institute and NASA Glenn Research
Center

Donald J. Hagemaier

Stephen D. Hart

Howard Hartzog, The Timken Company

Edmund G. Henneke, II, Virginia
Polytechnic Institute and State
University

Amos E. Holt, Southwest Research
Institute

Gregory A. Hudkins, ExxonMobil

Alain Jungman, Université Paris

Lawrence W. Kessler, Sonoscan

This is a preview. Click here to purchase the full publication.

Ultrasonic Testing

vii


https://www.normsplash.com/ASNT/197661688/ASNT-147?src=spdf

Provided by : www.spic.ir

viii

Ultrasonic Testing

Butrus Pierre T. Khuri-Yakub, Stanford
University

Doron Kishoni, Business Solutions USA

Francesco Lanza di Scalea, University of
California, San Diego

Eric I. Madaras, NASA Langley Research
Center

D.K. Mak

Ajit K. Mal, University of California at Los
Angeles

Richard E. Martin, Cleveland State
University and NASA Glenn Research
Center

John Mittleman, United States Navy,
Naples, Italy

Michael Moles, Olympus NDT Canada

Jean-Pierre Monchalin, Industrial
Materials Research Institute, National
Research Council Canada

Peter B. Nagy, University of Cincinnati

John S. Popovics, University of Illinois

William H. Prosser, National Aeronautics
and Space Administration

Joseph L. Rose, Pennsylvania State
University

Donald J. Roth, National Aeronautics and
Space Administration

G.P. Singh, Karta Technology

Roderic K. Stanley, NDE Information
Consultants

Marvin W. Trimm, Savannah River
National Laboratory

Alex Vary

Roger D. Wallace

Gary L. Workman, University of Alabama,
Huntsville

Reviewers

Ronald Alers, Sonic Sensors of EMAT
Ultrasonics

Gary E. Alvey, Naval Aviation Depot,
Cherry Point

Sony Baby, Regional Engineering College,
India

Mohamad Behravesh, Electric Power
Research Institute

Bruce Berger, Signet Testing Laboratories

Albert S. Birks

Kaydell C. Bowles, Sandvik Special Metals

Lisa Brasche, Iowa State University

Donald E. Bray

John A. Brunk

Robert H. Bushnell

James R. Cahill, GE Inspection
Technologies

Thomas N. Claytor, Los Alamos National
Laboratory

David R. Culbertson, El Paso Corporation

B. Boro Djordjevic, Materials and Sensors
Technologies

James B. Elder, Savannah River National
Laboratory

Dale Ensminger

Ying Fan, General Electric Research

Nat Y. Faransso, KBR

James R. Frysinger, College of Charleston

David P. Harvey, Wah Chang

Donald E. Harvey, Tennessee Valley
Authority

Harb S. Hayre, CEIE Specs

Gary E. Heath, All Tech Inspection

Dietmar Henning, Sector-Cert

James W. Houf, American Society for
Nondestructive Testing

G. Huebschen, Fraunhofer Institut fiir
Zerstorungsfreie Priifverfahren

Nelson N. Hsu, National Institute of
Standards and Technology

D.R. Johnson, Oak Ridge National
Laboratory

Don M. Jordan, University of South
Carolina

Sang Kim, Southwest Research Institute

David S. Kupperman, Argonne National
Laboratory

Lloyd P. Lemle, Jr.

George A. Matzkanin, Texas Research
Institute

Bruce W. Maxfield, Industrial Sensors

Fugene A. Mechtly

Scott D. Miller, Saudi Arabian Oil
Company, Dhahran

Ricky L. Morgan, Smith Emery Company

Robert Murner, Jentek Sensors

Emmanuel P. Papadakis

Ramesh J. Rao Pardikar, Bharat Heavy
Electricals, India

Jean Perdijon, France

Robert F. Plumstead, Municipal Testing
Laboratory

William C. Plumstead, Sr., PQT Services

Randy Plis

Jason Riggs, All Trans Tek

Scott D. Ritzheimer, Integritesting

Piervincenzo Rizzo, University of
Pittsburgh

Stanislav I. Rokhlin, Ohio State University

H.J. Salzburger, Fraunhofer Institut fiir
Zerstorungsfreie Priifverfahren

Frank J. Sattler

Robert L. Saunders, Ellwood City Forge

Simon D. Senibi, Boeing Aerospace

William A. Simpson, Oak Ridge National
Laboratory

R. Lowell Smith

R.W. Smith, Xactex Corporation

Graham H. Thomas, Lawrence Livermore
National Labs

R. Bruce Thompson, lowa State University

Alex Vary

Nancy J. Verdick, Alcoa

James W. Wagner, Emory University

Mark F.A. Warchol, Alcoa

Glenn A. Washer, University of Missouri,
Columbia

Brad S. Whiteleather, Pechiney Rolled
Products

Andrew James Woodrow, Jr., US Steel

Gary J. Zimak, Northrop Grumman

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ASNT/197661688/ASNT-147?src=spdf

Provided by : www.spic.ir

CONTENTS

Chapter 1. Introduction to Ultrasonic Part 3. Recognition Principles in
Testing ........covviivennn.. 1 Ultrasonic Testing .. ... 164
Part 1. Nondestructive Testing . . . . . 2 References ................... 174
Part 2. Management of Ultrasonic
Testing ............... 13 Chapter 5. Instrumentation for
Part 3. History of Ultrasonic Ultrasonic Testing ........... 177
Testing ............... 24 Part 1. Scanning Approaches . ... 178
Part 4. Measurement Units for Part 2. Basic Send/Receive
Ultrasonic Testing ... ... 30 Instrumentation . ...... 182
References .. .................. 33 Part 3. Special Purpose Ultrasonic
Equipment ........... 191
Chapter 2. Ultrasonic Wave Part 4. Calibration ............ 194
Propagation ................ 35 References . .................. 199
Part 1. Introduction to Wave
Propagation ........... 36 Chapter 6. Ultrasonic Pulse Echo
Part 2. Wave Propagation in Contact Techniques ......... 201
Isotrc?plc Materials ...... 41 Part 1. Straight Beam Pulse
Part 3. Extensions to Other Types EchoTests ............ 202
of Sur.face Waves ....... 46 Part 2. Angle Beam Contact
Part 4. Reflection at Plane Testing .............. 217
E/?eliilz;lary in Stress Free 52 Part 3. Coupling Media for
"""""""" Contact Tests .........221
References . ................... 57 Part 4. Imaging of Butt Weld
Pulse Echo Tests ....... 225
Chapter 3. Generation and Detection Part 5. Multiple-Transducer
of Ultrasound ............... 61 Ultrasonic Techniques .. 229
Part 1. Piezoelectricity .......... 60 Part 6. Phased Arrays .......... 238
Part 2. Transduction . ........... 68 Part 7. Moving Transducers . .. .. 250
Part 3. Generation and Reception References ................... 253
of Ultrasound .......... 78
Part 4. Phased Arrays ........... 90 Chapter 7. Ultrasonic Scanning ... .. 261
Part 5. Focused Beam Immersion Part 1. Ultrasonic Coupling . . . .. 262
Techniques ............ 95 Part 2. Ultrasonic Test
Part 6. Lamb Waves ........... 100 Techniques ........... 264
Part 7. Ultrasonic Guided Part 3. Immersion Coupling
Waves ... 101 Devices .............. 267
Part 8. Optical Genx_f:ration Part 4. Water Couplant
%I;ga]zgflerfgon of 107 Characteristics ........ 270
R C Part 5. Pulse Echo Immersion
Part 9. Electromagnetic Acoustic Test Parameters . . . . . . . . 271
Transduction ......... 115 .
Part 10. Air Coupled Part 6. Interpretgtlon of '
Transducers ........... 129 Immer51p n Ultrasomc
Test Indications ....... 274
References .. ................. 133 Part 7. Immersion Testing of
Composite Materials ... 284
Chapter 4. Ultrasonic Signal Part 8. Angle Beam Immersion
Processing ................. 143 Techniques ........... 289
Part 1. Signal Acquisition and Part 9. Focused Beam Immersion
Processing ............ 144 Techniques ........... 296
Part 2. Ultrasonic Spectroscopy .. 156 Part 10. Acoustical Holography .. 300

References . .................. 302

Ultrasonic Testing ix

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ASNT/197661688/ASNT-147?src=spdf

Provided by : www.spic.ir

X

Ultrasonic Testing

Chapter 8. Ultrasonic Characterization
of Material Properties ........ 305

Part 1. Fundamentals of
Material Property

Characterization . ...... 306
Part 2. Material Characterization
Methods ............. 308
Part 3. Measurement of Elastic
Properties ............ 319
Part 4. Microstructure and Diffuse
Discontinuities ........ 324

Part 5. Ultrasonic Testing for
Mechanical Properties .. 331

Part 6. Acoustoultrasonic Tests for
Mechanical Properties .. 338

References . .................. 343

Chapter 9. Ultrasonic Testing of
Advanced Materials ......... 357

Part 1. Ultrasonic Testing of
Advanced Structural

Ceramics . ............ 358
Part 2. Ultrasonic Testing of
Adhesive Bonds ....... 369

Part 3. Ultrasonic Tests of
Composite Laminates .. 380

References . .................. 391

Chapter 10. Metals Applications of
Ultrasonic Testing . .......... 399
Part 1. Ultrasonic Tests of Steel
and Wrought Alloys . ... 400
Part 2. Ultrasonic Testing of
Primary Aluminum . ... 406
Part 3. Multiple-Transducer
Ultrasonic Techniques .. 418
References ................... 423

Chapter 11. Chemical and Petroleum
Applications of Ultrasonic

Testing ................... 427
Part 1. Chemical and Petroleum
Industry ............. 428
Part 2. Ultrasonic Testing in
Processing Plants . ... .. 432
Part 3. Storage Tanks .......... 439
Part 4. Petroleum Pipes ........ 441

Part 5. Inservice Ultrasonic
Testing of Offshore
Structures ............ 444

References ................... 454

Chapter 12. Electric Power
Applications of Ultrasonic

Testing ................... 457
Part 1. Inservice Inspection in

Power Plants . ......... 458

Part 2. Nuclear Power Plants . ... 461

Part 3. Fossil Power Plants . ... .. 466

References ................... 473

Chapter 13. Infrastructure
Applications of Ultrasonic

Testing ................... 475
Part 1. Ultrasonic Testing of Wood
and Structural Steel ....476
Part 2. Ultrasonic Testing of
Structural Concrete . ... 481
References ................... 488

Chapter 14. Aerospace Applications
of Ultrasonic Testing ......... 493
Part 1. Overview of Aerospace
Applications of
Ultrasonic Testing .. ... 494
Part 2. Aerospace Material
Production Inspection .. 499
Part 3. Inservice Inspection of
Aircraft .............. 507

Part 4. Ultrasonic Testing for
Space Systems and
Aeronautics . .......... 516

References ................... 525

Chapter 15. Special Applications of

Ultrasonic Testing . .......... 529

Part 1. Reliability of

Nondestructive

Testing .............. 530
Part 2. Ultrasonic Testing in

Railroad Industry ...... 535
Part 3. Ultrasonic Testing in

Marine Industry ....... 541
Part 4. Acoustic Microscopy . . . .. 544
References ................... 549

Chapter 16. Ultrasonic Testing

Glossary ................... 555

Part 1. Terms................. 556
Part 2. Symbols ............... 558
References ................... 569
Index ........... ... i, 571
Figure Acknowledgments .......... 588

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ASNT/197661688/ASNT-147?src=spdf

	Cover
	NDT Handbook, third edition: Vol. 7, Ultrasonic Testing
	Copyright, Cataloging-in-Publication Data
	President's Foreword - Marvin W. Trimm
	Foreward - Gary L. Workman, Handbook Development Director
	Preface - Gary L. Workman and Doron Kishoni
	Editor's Preface - Patrick O. Moore
	Acknowledgments
	Table of Contents with Chapter links

	Chapter 1. Introduction to Ultrasonic Testing

