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ASTN Subocommittoo E07.04 on Acoustic Emission

The latest meeting of the subcommittee was held
on January 22 and 23, 1985 at the Hilton Inn in Fort
Lauderdale, Florida. About 25 persons attended at
least one of the section meetings,

Three docments have beon successfully
reballoted and will continue to be included in the
Handbook, They are: E749, on Acoustic Emission
Honitoring During Continuous Welding, E751, on
Acoustic Enission Monitoring During Resistance Spot—
Wolding, both of which werc ossentially unchanged and
E650, on Mounting Acoustic Emission Contact Sensors
which was extensively revised.

There are oleven other documments in some stage
of preparation. E750, on Acoustic Emission
Instrumontation is being revised to include sections
on digital systems. Documents on the Acoustic
Emission Testing of Fiberglass Tanks/Vessels and of
Reinforced Thermosetting Resin Pipe are in the
balloting process. Revised drafts are being prepared
of doommonts on Leak Detection and Location Using
Acoustic Emission Contact Sensors and on Primary
Calibration of Acoustic Emission Sensors. Doouwments
for which the first draft is still being written
inoclude one on Continuous Monitoring of Pressure
Boundarios Using Acoustic Emission and one on Acoustic
Emission Nonitoring of Rotating Equipment, Documents
still ia the preliminary discussion stages include ome
on Notation and Units for Reporting Acounstic BEmission
Results, one on Secondary (Transfer) Calibration of AE
Sonsors, one on Transferring Calibration Data botween
AB FRP Systems and one on AB Testing of Small Parts,

The only requirement for memborship in an ASTH
Section is that one attend the moeting. Anyone
interosted in working on any of the above doomments or
developing other acoustic emission documonts is
igvited to attend the next meeting of E07.04 which
will bo hold on June 25-26 at the Biltmore Hotel in
Los Angeles, CA.

Alan G. Beattie

Observation and Identification of Crack Growth Modes
in Roactor Steols using Acoustic Bmission, Proceedings
of & Workshop hold March 14-15, 1984, at the
Univorsity of Demver, Denver, 0

Prepared by R.H. Jomes, P.H., Hutton,
H.A. Friesel and S.M. Wolf

Editor’s Note

This artiole contains Preface and Smmary of a
roport issuod by Pacific Northwest Laboratory as
CONF-8403152/PNL-SA-12656. A full report is available
fras Nationsl Technical Information Services, US
Dopartmont of Commorco, 5285 Port Royal Road,
Springfield, VA 22161,



Proeface

This workshop was held to identify major
tochnical issues in the gquantitative correlation of
acoustic emission with crack growth mode in reactor
steels, The techmnological value of such a correlation
is clear in tems of accepting acoustic emission as an
om-line nondestruotive probe of cracking in light-
water reactor structural components and, as a
congsequence, in terms of increasing reactor
availability and reliability. The value for materials
science is clear as well in tems of domonstrating the
potential of a new irsitu nondestructive probe for
characterizing microframe events and possibly local
deformation phenomena during mochanicsl testing, a
capability not available with existing probes. The
dosired output from this workshop was a set of
recommendations for the develomment of acoustic
emission monitoring; these require oxpertisoc of both
the technological and scientific communities. The
recommendations are given in the smmary.

Two complemontary Foederal programs cosponsored
the meeting: the Materials Engineering Branch of the
U.S. Nuclear Regulatory Commission, with applied
research on component cracking and acoustic emission
monitoring, and the Division of Materials Sciences of
the U.S. Department of Energy, with fundamental
research on physical mechanisms controlling
envirommont-enhanced crack growth., Tho assistance of
Professor W.W. Gerberich and Dr, C.H. Hemager as
working group leaders and in writing the smmaries of
thoir working group discussions is appreciated. The
contributions fran the workshop participants,
particularly including discussion at the meoting,
written input for this report, and comments on the
draft of this report, are gratefully scknowledged.

Sunmary of Working Group Conclusions and
Rocommendations

The purpose of this workshop was to identify
scientific snd technological breakthroughs needed for
the quantitative correlation of acoustic omission (AR)
to crack growth mechanisms and rates in reactor
steels, It was not the intended purpose of tho
workshop to compare AE to other nondestructive
examination (NDE) techniques for spocific nuoloar
applications, although it was clear from disoussions
that AE could ocomplement existing appraoches, The
principal conclusions and recommondations produced
during the workshop are smmarized below, The
workshop objeotives have been used as a framework for
this summary, and no ranking is intended by the
sequence of recommendations. The first two objectives
address fundamental understanding of physical
mochani sms; the next three are directed toward
technological noods.

Objootivo 1: Assoss tho state—of-the~art of AE
charactorization of fracture mochanisms and rates,

Conclusion A: Despite substantial prior rescarch on AE
in various materials, with particular appliod omphasis
on AR in sensitized wrought austenitio stainless steel
(grade 304), no general quantitativo capability has
beon established relating AE to either tho oxtont of
incremontal orack growth or the more difficult issue
of identification of crack growth mode.
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There are a nmber of approaches to the problem
of source characterization; gomerally speaking, these
can be classified as 1) direct modeling, 2) inverse
model ing, and 3) patterm recognition.

Direot modeling involves the development of
expected signal features from fundamental principles,
Elastodynamic AE formulations now exist for the
prediction of AE waveforms from point sources in
isotropic linear elastic bodies with either one or two
flat, parallel surfaces. Such formulations, however,
do not exist for more complicated geametries or for
material with anistropic elastic constants, nor do the
existing formulations take into account material
scattoring or absorption. For somo simple situations,
such as large—thickness pressure vessels, these models
may give usoful guantitative predictions of the AE
signal for hypothetical fracture events.

Inverse model ing (characterizing the source by
analysis of the AE signal) has been successfully
applied in the laboratory under closely comtrolled
conditions designed to roduce the nmber of possible
variables (stress state and orientation were known a
priori)., ''Scalar’’ source signaturecs for cleavage and
intergranular fracture of ferritic materials have been
doduced. In the near term, basic resesrch progrmms
aro likely to gonerslize these inverse modeling
methods leading to a "‘tensor’’ source signature
charactorization. While offering pramise of 1)
proving the validity of the elastodynamic
formulations, and 2) advancing the basic understanding
of fracture, the approach in its initially developed
form is probably too complicated to bo directly
applicable to nuolear problems. No rescarch has
convincingly domonstrated an ability to dotemminme the
macroscopic rates of crack growth by inverse modeling.

Pattern recognition differs from inverse
model ing in that it is considered unnecessary to
reconstruot the source signal, as long as features
that are unique to tho source process and that
consistontly appear in the AE signals can be
identified, Experimental research has boen conducted
without a comprehensive plan and is therefore of
doubtful validity. Most effort has concentrated om
using pattern recognition to distinguish orack-related
AE from other types, and has dealt principally with
frequency foatures.

Related to pattern recognition is the attempt to
examine the effect of metallurgical variables on some
''standard’’ AE parametors such as signal amplitude,
rige~time, duration, otc. This approach also requires
that only tho parametor of interest be varied so that
offect on the AE signal can be detemmined. Either
approach has a good likelihood of identifying many
source—rolated processes without tho difficulties
involved in source modeling.

Objootivo 2: Describe rescarch and devolopnent noeds
for improved AE-fracture relationships.

Congolysion B: Current methodologies result in the
reporting of AR signal parameters and not souroce
quantities, These paramotors are highly dependent on
aspeots of tho experimont such as sample geametry,
transducer characteristics, and signal conditioning
instrmentation,



—Regommendation: A methodology should be established
for removing experiment—dependent variables from
reported results. To support a quantitative AE/crack
growth mode rolationship, results should be analyzed
so that either property of the source alone may be
doduced. Ideally, the analysis should indicate
equivalent source mechanisms in differont host
materials., This effort may entail systematic
experiments under a variety of conditions in order to
develop a genmeral tramsfer fumotionm,

~~Recommendation: As a corollary to the above, a more
uniform method is needed for reporting AE dotector

sensitivity, including a set of standard data for
system calibration by isolated rescarchers,

Conclugion C: Relatively little research has been
directed toward establighing the fracture mechanisms
that control the stremgth of emitted AE signals, No
database of fracture mechanism versus AE exists for
roactor steels.

——Recommendation: Fracture mechanisms/AE source
strength correlations (i.e,, AE mechanisms maps)
should be developed for various austenitic and
ferritic reactor steels to establish 1) a sciemtific
database to aid tho understanding of tho physiocal
basis of AE, and 2) an engincering database to design
appropriate monitoring configurations for specific
applications.

Conglugion D: Acoustic emission monitoring appears
particularly attractive for following flaw growth in
older plents, Crack growth is known to occur in
neutron-irradiated matorial at lower fracture
toughness values than that measured for the
unirradiated material., Irradiation will affect both
yiold strength and fracturoe behavior. No data,
however, oxist on the offoct of irradistion upon
fracture mechanisn source/stromgth correlations,

—-Rogommondation: The existence of possible synergisms
among neutron irradiation, fracture mechanisms, and
source strength in reactor steels should be explored.

Objective 3: Dof ine methods to use AE-fraoture
relations for predicting the stability amd reliabilty
of reactor components,

Conclusion B: The stato of stross (mode, triaxility,
magnitude, oyclic mature, otc.) is expected to
strongly influonce the AE aocompamying fracture in any
given steel. Additional offects arise from nearby
pre—existing oracks that have been ghown to bohave as
acoustic sounding boards,

——-Rogommendation: The of fects of stress state and
prosonce of precracks om the fracture
mochanisms/source strongth correlations of reactor
stools should be ovaluated.

Conolngion F: The AE signal recorded by a transducer
zrenotely located from a source of known mechanisu and
stross state cannot be located from a sourco of known
mechanism and stress state cannot be predicted unless
tho wave propagation bohavior betwoen source and

rocoiver is moasurod or calgulated. For amy but the
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simplest sources, calculations are too complex to be
applied realistically in tho short/medium torm,

-—Recommendation: Experimontal methods should be
developed to measure wave propagation behavior in
nuclear components. The unse of such methods to
predict AE signals that would be recorded by
tronsducers placed in various configurations about the
source should be investigated,

Conclusion G: The measured AE signal contains
information about the mechanism of fracture. This
information is important in determining the impact of
the fracture process on structural integrity.
Laboratory techniques for inverse modeling are too
compl icated for practical applications,

—-Recommendation: To be effective in deducing fracture
mechani sms, inverse modeling studies should be
sensitive to practical constraints such as inasccurate
data, noise, incalculable wave propagatiom, etc.
Powerful new artificial intelligence techmiques
(pattern recognition, expert systems, etc.) should be
explored as an alternative route to source
charactoerization.

Objective 4:
applications.

Def ine boundary conditions for reliable

Conclusion H: Fracture mechanism, source-receiver
distance and stress state dotemmine, im tho main, the
ABE amplitude at some remotely located receiver. If
this amplitude exceecds the noise background, the
source will be reliably detected. If inverse
modeling/pattern recognition can be developed, it may
be possible to doduce the fracture mechanism, althongh
the reliability of such an approach is mncertain in
the absence of appropriate data. The boundary
conditions controlling reliability of detection and
characterization are therefore likely to include
fracture mechanism, source-receiver distance, stress
state and background noise, However, no fommal
attempt has been made to map these boundaries and
identify a reliability region in a multidimensional
spaco with the above axes. sp —Recaommen ion:
Relationships should be developed between both
dotection and characterization reliability and
application variables such as fracture mechanism,
stress state, source-recoiver, distance, background
noise, otec,; these relations should be incorporated in
fracture mechanism oriteria used in initial design and
in-service stability evaluation of struotural
components,

-~Regommondation: As & corollary to the above,
quantitative corrolations betweon AE and matorials
fracture mechanisms should be exploited for
nondostructivo materials charactorization.

Copelusion XI: Although AE cannot yet be qualified as a
safoty-oritical monitoring technique for reactor
structural components, it would be advantagous to
develop an applications database and to experiment
with AE in the reactor enviromnent.



—-Re¢ommendation: Noncritical online monitoring
applications should be developed for AE, identifying a
snitable prototype application for a performance
capability demonstration,

Objootive 5: Develop coordination between the
sclentific and engineering communities concerned with
materials reliability.

Conclusion J: Acoustic emission research and
developnent in materials has boen actively pursusd
during the last 20 yoars., The research has emphasized
delineating basic mechanisms of deformation and
fracture of a variety of single— and multiphase
alloys. The development/engineering activities have
beon directod principally toward monitoring sensitized
austonitic stainless steel (grade 304). It appears
timely to enhance formation, transfer, and
coordination betweon the research and engineering
communities inveolved with AE as well as between these
and the component design/testing community,

—-Recommendation: An Engineering Foundation Conference
should be organized to bring to a single forum the
NDE, AE pattern recognition, materials, and mechanics
communities; ad hoc groups should be formed to
assimilate basic mochanism data into a databank and to
coordinate with corresponding technology groups.

--Rogommendation: Multidiscipl inary research and
engineering efforts addressing the technical issues
noted above (e.g., those under conclusions B and H)
should be encouraged.

Symposium on Acoustic Emission Monitoring and Analysis
in Manufacturing, 1984 ASME Winter Annual Mooting, New
Orloans, LA, Decomber 9-13, 1984

The papors at this symposiwm cover a range of
topics that both helped to define some of tho basic
parsmeters of AE as well as illustrate several
applications in materials evaluation (scale formationm,
fracture and fatigue), machinery monitoring and motal
cutting and arc welding procoss analysis, Although
some of the papers did not specifically address
manufacturing process applications, they gave an
indication of tho sensitivity of the acoustic emission
signal to basic matoerial properties,

Papers prosented at tho symposium were:

‘Timo Series Analysis of Acoustic Emission Signals
fran Glass RBeinforced Plastics,' R.M., Belchmmber, D,
Bettorridge, M.P, Collimes, T. Lilly, C.Z.
Marczewskin and A.G., Hawkes

"Charactorization of the Fraoture Process in PMMA by
Acoustic Enission Analysis,’” I, Grabec

'Acoustio Emission Analysis as a Quality Check of
Oxido Scales Against Tritiom Pormeation in High
Temporature Reactor Gas Generating Installations,’ H.
Jomas, R. Hecker and D. Stover
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*Study of Acoustic Emission (AE) Associated with
Fatigue Damage to Aluminum Alloys,’' M. Cherfaoui, J.F.
Chretien, J.P. Spieldener and J. Roget

*"Application of Acoustic Emission Technique to
Detection of Rolling Bearing Failure,’'' T. Yoshioka and
T. Fujiwara

"Application of Acoustic Emission to In-Process
Monitoring of Submerged Arc Welding,'' J. Roget, J.
Debiez and J.L. Meyer

'"Acoustic Emission and the Mechanics of Metalcutting,
M.J. Schmenk

""Acoustic Emission Sensing of Tool Wear in Peripheral
Milling,* E.N., Diei and D,A. Dornfeld

In many of these areas the applications of
acoustic emission-based techniques are relatively new.
The goals of acoustic emission (AE) amalysis in
manufacturing are to develop new analytical techniques
and instrumentation for fundamental research into
manufacturing processes, such as metal cutting,
forming and welding, as well as to develop now
reliable process monitoring techniques for comtrol;
AE-based techniques offer great pramise for achieving
both goals. The acoustic emission gemerated during
manuf acturing processes can be directly related to the
basic mechaniams of the process, such as, the
deformation during chip forming in metal cutting.

This close relationship insures & morec reliable and
efficiont sensing technique for process monitoring.
The work included here along with other recent work in
the field illustrates the future potential of AE
analysis and instrmentation techniguoes.

These papers are availaeble in tho symposim
proceedings, ''Acoustic Emission Monitoring ampd
Analysis in Manufacturing, '’ PED Vol-14 (G0D0285), ed.
D.A. Dornfeld, ASME, Now York, 1985,

D.A. Dornfeld

Fourth Conference om Acoustic Emission/Microseismic
Activity in Geologic Structures and Materials, The
Pennsylvania State Univorsity, University Park,
Pennsylvania, October 22-24, 1985

The Rock Mochanics Laboratory of the Department
of Mineral Engincoring at Tho Ponnsylvania State
University will gponsor tho Fourth Conferenmce on
Acoustic Emission/Microseismic Activity in Geologic
Structures and Materials on 22 to 24 October 1985.

The objective of the conference is to bring together
the expertise of various workers involved in the
dovelopment and application of acoustic
emission/microseimmic (AE/MS) techniques in the
goamochanics arca, The first three confercnces in
this series were hold at Ponn State in 1975, 1978 and
1981, This fourth conferonce will provide an
opportunity to continue critical ovaluation of various
aspects of the subject, and to roview recent
dovelomuents in this rapidly expanding field. Co-
chalimeon for the conference are Prof. H. Reginald
Hardy, Jr., Director of The Ponn State Rock Mechanics
Laboratory, and Mr. Froderick W, Leighton, U.S., Bureau
of Mines, Mining Rosearch Center, Denver.



The rationale for this conference series is
based on the fact that thero are a considerable nmmber
of persons throughout the world who are actively
engaged in basic and applied research in which AE/MS
techniques are utilized to evaluate the beshavior of
geologic struotures and matorials; and on the fact
thaet the normal symposia and conferemces in areas such
as mining, oivil engineering, rock and soil mechanics,
etc, gemerally cover = very wide range of topics, and
as & result do not provide a suitable forwm for a
detailed presentation and discussion of dovelopments
in the AE/MS area. In contrast there is little doubt
that this series of conferences, dealing specifically
with the applications of acoustic
enission/microseismic techniques in geanechanics, have
been highly successful. The comcept of 'working
meetings’’ such as those, involving a small, seloct
group of participants, offers not only a unique format
for presenting individual work to a group of one's
poers, but also serves to offor an atmosphere in which
discussions aroe easily gomerated.

As in past conferences participation will be
restricted to approximately 40 engineers and
sciontists who are actively and personally engaged in
AE/MS research in goologic structures and materials.
The program will consist of a series of short formal
prosontations, cach followed by an extensive
discussion sossion. A series of spocial discussion
sessions will also bo scheduled desling with spocific
topiocs of general inmterest.

The proceocdings, as in the case of the previous
three conferences in this series, will be published in
hard cover form by Trans Tech Publications,
Clausthal-Zellerfold, West Gemany. The address of
their American office is listed below.

Trans Toch Publications, 16 Bearskin Neck
Bockport, MA 01966

It is oxpected that the prococdings of the Fourth
Conforonce will be available by October, 1986,

For further information on this conferenmce,
contaot

Professor H, Reginald Herdy, Jr.

Director, Rock Mechanics Laboratory

Rocn 117, Mineral Sciences Building

The Pennsylvania State University

Univorsity Park, PA 16802

Tel: (814) 863-1620 or 865-3437

A 8hort Coursc om Acoustic Emission

Physical Acoustics Corp. offers a short course
on AE at Nasseaun Inn, Princeton, NJ fram 29 April to 3
May 1985, Inquiry should be dircctoed to PAC, 819
Aloxandor Road, Princeton, NI 08540. Phone: (800)
257-5140 or (609) 452-2510

Cover Photograph

The front cover of this issus foatures the point
contact transducer doveloped at Harwell, It is a
modification of the Procter transducor. The
photograph shows four transducers mountod on a compact
tonsion fraoture toughness test specimen., This
arrangemont allowed the Harwell grouwp to perform threo
dimensional source location.
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Partial Discharge Dotection

AR Intornational, a division of The Hartford
Steam Boiler Inspection and Insurance Company, has
announced an agreement with the Electric Power
Rescarch Institute, Inc. (EFRI) to manufacture a
portable acoustic emission testing device to be used
in dotecting partial electrical discharges in
transformers. The average age at failure of the
"typical’’ 5 MVA or larger transformer is 11.4 years,
Still, those transformers not tested were found to
fail at almost twice the frequency compared to those
which recoived routine testing. The average direct
damage loss of those that faied was more than §50,000,
although individual losses exceed ¥1,000,000. Tho new
acoustic emission testing dovico is expeoted to
confim these testing results and to further detormine
the intogrity of the transformers. The current
tosting technmology tends to be historical in nature
end does not nlways fully describe the instantaneous
condition of a unit,
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Send salary requirements and resume to Human Resources Department.
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HARTFORD, CT 06102

We are an Equal Opportunity Employer. M/F/HIV
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NOTES FOR

1. General

The Journal will publish contributicons from all
parts of the world and manuscripts for publication
should be submitted to the Editor., 3Send to:

Professor Kanji Ono, Editor - JAE
6532 Boelter Hall

University of California

Los Angeles, California 90024 USA

European authors may submit manuseripts directly to:

Dr. Roger Hill, Associate Editor - Europe
Robt Gordon's Inst. of Technology

St, Andrew St.
Aberdeen AB1 1HG United Kingdom
Manuscripts of Japanese authors may be sent to:

Professor M. Onoe, Associate Editor = Japan
University of Tokyo

Roppongi T=22-1

Minato, Tokyo 106 JAPAN

Authors of any AE related publications are encouraged
to send a copy for inclusion in the AE Literature
section to:

Mr. T.F. Ixrouillard, Associate Editor - JAE
Rockwell International

Energy Systems Group

P.0O, Box U6y

Golden, Colorado 80401

All the manuscripts will be reviewed upon
submission to the Editor. Only papers not previously
published will be accepted. Authors must agree to
transfer the copyright to the Journal and not to
publish elsewhere, a paper submitted to and accepted
by the Journal.

A paper is acceptable if it is a revision of a
governmental or organizational report, or if it is
based on a paper published in a conference proceedings
volume of limited distribution.

An abstract not exceeding 200 words is needed
for Research and Applications articles, while it
should be shorter than 100 words for other articles
except Communications.

The language of the Journal is English. All
papers should be written concisely and clearly.

2. Page Charges

No page charge is levied, except for the pages
that contain hal f-tone illustrations ($60.00 per
page). In order to support the publication of this
Journal, the authors' organization is requested to
purchase one-hundred offprints at $12.00 per printed
page.

3. Manuscript for Review

CONTRIBUTORS

Manuscripts for review need only to be typed
legibly; preferably, double-spaced on only one side of
the page with wide margins and submitted in
triplicate. Authors are encouraged to submit articles
in the following magnetic media: CP/M Wordstar format
for SSSD 8", IBM PC, Osborne, Superbrain.

The title should be brief. Except for short
communications, descriptive heading should be used to
divide the paper into its component parts. Use the
International System of Units (SI).

References to published literature should be
quoted in the text citing authors and the year of
publication. These are to be grouped together at the
end of the paper in alphabetical and chronological
order.,

Journal references should be arranged as below,
including when available, the abstract number given in
T.F, Drouillard, "Acoustic Emission, a Bibliography
with Abstracts," Plenum Press, New York, 1979. The
abstract number should be preceded by the letter D and
given in square brackets at the end of each reference,
More recent references that appeared in the AE
LITERATURE section should be followed by year and
reference number; e.g. [83-122].

H.L. Dunegan, D.0. Harris, and C.A. Tatro,
(1968) Eng. Fract, Mech,, 1: 105-122
[Du201].

Y. Krampfner, A. Kawamoto, K. Ono, and
A.T. Green (1975) "Acoustic Emission
Characteristics of Cu Alloys under
Low-Cycle Fatigue Conditions" NASA
CR-134766, University of California
Los Angeles and Acoustie Emission
Tech. Corp., Sacramento, April [D10361].

A.E. Lord, Jr, (1975) Physical Acousties:
Prineiples and Methods, Vol. 11, ed.
N.P. Mason and R.N. Thurston, Academic
Press, New York, pp. 289-353 [D1094].

Abbreviations of journal titles should follow
those used in the ASM Metals Abstracts. In every
case, authors' ipitials, appropriate volume and page
numbers should be included.

Illustrations and tables should be planned to
fit a single column width (4.5") or a double width
(9"). For the reviewing processes, these need not be
of high quality, but submit glossy prints with the
final manuscript. Lines and letters should be legible
after the illustrations are reduced to 77%.

4, Review

All manuscripts will be judged by qualified
reviewers. Each paper is reviewed by one of the
editors and typically sent for review by members of
the Editorial Board. The Board member may seek
another independent review. In case of disputes, the
author may request other reviewers.
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