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Professor P. Bo.11er reviewed aotivities in Welt
GemDaay. Laboratories oonduotias AS rel.aroh and
dev.10pment ar. listed under three oatesoriel. The
main subjeot are.s are also indioated.

Battelle Institute. Frankfurt
Craoks in Seo10siaa1 structures

Bosoh. Stuttsart
Monitorins of too11

DFVLR. Brauschweis
Flaws in fiber oOllposites

IFAIL Brcmea
Def.ots durins w.ldins
Flaws in fiber oOllposit••
Loosonins of prothesis

IzfP. Saarbrueoken
eraok deteotion in fraoturo 1I.0haniol
Monitorins of tooll
SiSAa1 proplsation

IiU. Brhns.n
Monitorins of weldins

'l1lV Jlu.nohen. Huonohen
HydroSen embritt1011ent
MOnitorins of soldorins
Solidifioation of liquid alloy.

TOV Rheinland. lOeln
Flawl in fiber composite.
Defoots in implants

University of DortlDUI1d
Plastio dofonaation in 1I0tal.
Craoks in oeramios
Jlonitorias of woldins
Loosenins of boaded metal joints

University of Duisburs
Sopsr.tion of ooatins
Flaws in fiber OOIIposites

Univorsity of Bal1l1OVer
Flaws in fibor oOllpositoa
Stress oorrosion or.oliDI
Te.tilll of ooatias

Univorsity of Saarbrueaken
Pl.stio defonaation .nd fracture

of iron and its alloy.

235

APPL ICATIONS

Battell. Institute. Frankfurt
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woldins

TOY Rheinland. lOela
Detection and loaation of flaws in

large oOllponent.
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INSTKUJlENTATION

BAH. Bed in
Transducer developm.nt
SiSAll evaluation

Battelle Institute. Fr.nkfurt
SiSAal au1ysi. methods

bfP. Saarbr 110 aken
SiSAa1 interpretation
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DU. Brlansen
Deve10paent of intolrd 1I0nitorin,

systOll development

Univorlity of DortllUl1d
SII111 transduoor arrays for

souroe 1001tion

University of Saarbrl10ken
Tr.asduoer deve10pa.nt

Kanji Ono



Contents

Progress In Acoustic Emission II Edited by M. onoe.
K. Yamaguchi &H. Takahashi. Proceedings or the 7th
International AE Symposium, OCtober, 1984 - 736 pages.
Published by Japan Soc. Nondestructive Inspection, Tokyo.

Metal

The Behavior of AE Second Peak on the 2024 Aluminum Alloy
Y. Fukuzawa. T. Nakamura, K. Ozaki and T. Furuya

Unloading and Reloading Acoustic Emission in Single Crystals and
Polycrystals of Pure Copper

R. Rahouadj. F. Fe"ieux and J.F. Chretien

Acoustic Emission Signal Analysis of Microfracture Process in
C-I/2Mo Steel

S. Yamaoka, K. Wakita and T. Kishi

An Acoustic Emission Investigation of the Ductile to Brittle
Transition in Molybdenum

J.B, James and S.H. Carpemer

An Investigation of the Acoustic Emission Generated During
the Deformation of Standard and Hydrogen Charged 304
Stainless Steel

J.B. James. S.H. Carpenter, M.A. Hamstad, C.A. Tatro and
R. Vandervoort

An Experimental Study to Monitor Engineering Cracking Stress
of Pressure Vessel with Ductile Material

Z. He and W. Guan

Acoustic Emission During Deformation Processes in Coarse-grained
Heat Affected Zone A533B Steel

G. Alroldi and C. Rinaldi

MnS Inclusion Content and Aspect-ratio in Deformation Processes
of a Low Alloy Steel

G. Afroldl and C. Rinaldi

Determination of Thickness Dependent Fracture TOUghness of
SS41 Steel by AE

T. Oolcouchl, H. Takahashi. H. Niitsuma and K. Ichida

Acoustic Emission Behaviors of AZ31 Magnesium Alloy During
Fatigue Fracture

H. Kato and T. Tozawa

The Relationship Between the Microstructure of 16Mn Steel and
Acoustic Emission During Stress Corrosion Cracking

X. Zhu and J. Xtao

Determination of Intergranular-eleavage Mode Fracture Toughness
of Retired Steam Turbine Rotor Steel (CrMoV) by Means of
Acoustic Emission Technique

K. Shlmomura. T. Shoji, H. Takahashi and K. Saito

236

Magnetomechanical Acoustic Emission - Temperature Effects
M.M. Kwan, K. Dna and M. Shibata

Fracture Induced Acoustic Emission of A533B Steel - Effects of
Test Temperature and Fracture Mechanisms

H.B. Teoh. K. Ono and I. Roman

Special Lecture

Burst Type and Continuous Acoustic Emission Signal Analysis in
A Broadband Frequency Range Leading to Source Characterisation

P. Fleischmann and D. Rouby

Source Characterization

Determination of Acoustic Emission Source Characteristics
Based on the Moving Dislocation Theory

Y. Niwa and S. Hfrose

Acoustic Emission Waveforms in a Half Space
M. Ohtsu and K. Ono

AE Source Characterization During Deformation of 7075-T6
AI Alloy by Frequency Analysis

Y. Fujita. Y. Hlgo and S. Nunomura

Source Wave Analysis Based on Fourier Synthesis
J. Takatsubo. K. Yoshida, and H. Yolcogawa

Measurement of AE Waveforms and Simulation of AE
K. Katsuyama and Y. Sato

Characteristics of Acoustic Emission Signals from Indentation
Cracks in Glass

K. Y. Kim and W. Sachse

Visualization of Stress Waves Emitted from Propagating Cracks and
an AE Study on the Formation Mechanism of Secondary Cracks in
Glassy PolYmers

K. Takahashi, K. Matsushige, N. Takeda, K. Arakawa and
Y. Sakurada

The Acoustic Emission Sources Characterization Problem
F. Tonallni. G. Villa and A. SalD

Characterization of AE Sources from Experiments with
Oblique Forces

J.E. Michaels and Y.-H. Pao



Structural Integrity

Propagation Attenuation of AE Signals at a Bend
K. Watanabe and K. Shiba

Leak Detection in Pipelines Using Acoustic Emission
B.R.A. Wood and R. W. Harris

AE Characteristics During Hydrostatic Tests of Oil Storage Tanks
H. SaSllki and M. lnagaki

Acoustic Emission Behaviors of Titanium Alloy and Quality
Evaluation of Titanium Alloy Pressure Vessels

Z. Zhu, S. Bai. S. Fan, and H. Zhang

Application of Acoustic Emission in Monitoring Sphere Tank
of Ethylene

Q.R. Kun

Monitoring of Thermal Shock Induced Crack Growth in A Feed
Water Nozzle Corner of Reactor Pressure Vessel by Acoustic
Emission

P. Hemer, E. Waschkies and K. Hepp

Acoustic Emission During Fatigue Crack Propagation in
SUS304 Steel at Room Temperature

M. Nakano, Y. Obata and J. Komura

AE Signal Analysis During Fatigue Crack Propagation in
SUS304 at 600°C

K. Yoshida, M. Nakano and I. Komura

Acoustic Emission Waveform Analysis During Fatigue Crack
Propagation in SUS304 Steel at Room Temperature

Y. Obata, T. Yasunaka, Y. Mori. K. Aoki and M. Tsune

Generation Characteristics of Acoustic Emission from Fatigue
Crack in FBR Piping Component at Room Temperature

K. Yamaguchi, H. Fujita, H. Oyaizu, A. Yamashita and
Y. Sakakibara

Generation Characteristics of Acoustic Emission from Fatigue
Crack in FBR Piping Component at 400°C

K. Yamaguchi. H. Oyaizu, A. Yamashita and
Y. Sakakibara

Evaluation of Structural Integrity of Piping Components for
Fast Breeder Reactor by Acoustic Emission Signals

S. Sakakibara, T. Kishi and K. Yamaguchi

General Problem and Review

Some Critical Remarks on Industrial Applications of
Acoustic Emission

H. Nakasa

231

A Critical Evaluation of the Use of Artificial Cracks and Notches
for AE Characterization of Metallic Materials Used for Pressure
Vessel Service

H.L. Dunegan

Fundamentals of AE Source Characterization and Its Application
to Micro-cracking in Metals, Composites and Ceramics

T. Kishi

Where Acoustic Emission and Where Not
F. Tonolfni, G. Vii/a and A. Sala

Instrumentation

Analysis of Piezoelectric Disks and Cylinders Using Finite
Element Method

M. Ohtsu and K. Ono

Analytical Approach to Acoustic Emission Signal Processing:
Problems and Progress

N.N. Hsu and D. G. Eitzen

Measurement of Surface Excitation Due to Single and Double
Forces by the Use of Flat-frequency Displacement Transducer

S. Yuyama and T. lmanaka

On a Real-time Calibration System for the Acoustic
Emission Measurement System with Transducer and
Propagation Medium

M. Ono. Y. Higo, S. Nunomura and T. Watanabe

Acoustic Emission Event Counting Using an Apple Computer
R. W. Ha"is and B.R.A. Wood

Time Series Measurement System of AE Events
T. Hirata, T. Yanagldani and M. Terada

Advanced Acoustic Emission Monitoring System by
Distributed Processing of Waveform Microdata

K. Yamaguchi, T. Hamada, H.lchikawa, H. Oyaizu
Y. Nagata, T. Kishi and H. lshitani

Acoustic Diagnosis

Acoustic Emission Diagnostics for Structural Integrity of
Petroleum Storage Tanks

H.lmaeda

In-situ Acoustic Emission Monitoring of a Selected Node in
An Offshore Platform

M. A"ington

Application of Acoustic Emission Methods to Investigation of
the Cold Shortness of Steel Material in Mine

Y. Watanabe and M. Takeuchi

Estimation of the Stress History of the Aluminium Cable Steel
Core Strand Wire by Means of Acoustic Emission

Y. Saito



Application of AE Method to the Hydrothermal Reaction of
AUlociaved Lightweight Concrete

S. Teramura and K. Tsukiyama

Quench Monitoring of Superconducting Magnet with
AE Technology

O. Tsukamoto. T. Ishigohka and Y. Iwasa

Special Lecture

Acoustic Emission Testing of Chemical Process Industry Vessels
T.J. Fowler

FRP

Fracture Process and AE Characteristics of C-FRPs During
Three Point Bending Test

M. Taka1ulshi. H. Tanaka. K. Tamura and S. Tomoura

Acoustic Emission Characterizations of Internal Damage for GFRP
Z. Yuan

Characterization of Tensile Failure Process of Unidirectional
Hybrid Composites by Acoustic Emission

I. Kimpara. I. OhsDwa. T. Omki and S. Takada

Acoustic Emission Characteristics of Carbon-epoxy Laminate
Beams During Bending Failure

Z. Jin. G. Song and C. Zhu

Acoustic Emission Monitoring of A Graphite-epoxy Wing
Segment During Limit Load Testing

J. Rodgers

FRPandWood

Acoustic Emission Study of Fracture of Random Short-fiber
Sheet Molding Compound Composites in Water and Low
Temperature Environments

H. Sekine and Y. Ozawa

Acoustic Emission Characterization of Failure Mechanisms in
Woven Roving Glass-epoxy Composites

I. Romon and K. Dna

Acoustic Emission Characterization of Tensile Failure
Mechanisms in Kevlar 49 - Epoxy Composites

A. Mittelman. I. Roman and G. Marom

Study of Acoustic Emission Generated in Fracture Process of Wood
K. SaIO. T. Okano. I. Asano, M. Noguchi and M. Fushllanl

Acoustic Emission During Lumber Drying
S. Ogino. K. Kalno. T. Akula and M. Suzuki

Acoustic Emission and Internal Friction in Wood
A.H. Kha/agy. W.G.B. Britton and R.W.B. Stephens

238

Ceramics. Glass and Concrete

Monitoring of Indentation Fracture in Soda-lime Glass
by Acoustic Emission

H.C. Kim and S.H. Lee

Relationship Between the Microstructure and Acoustic
Emission of Silicon Nitride Ceramics

Y. Sun and Y. Jia

Acoustic Emission Studies During Fracture in AI2 0 J Ceramics
T. Kishi, S. Wakayama, Y. Shinozaki, Y. Kagawa and
E. Nakata

Prediction of Fatigue life of Reinforced Concrete Beams
Using Acoustic Emission Monitoring

T. Vomoto. M. Onoe and T. Kakizawa

Acoustic Emission During Three Point Bending Tests on
Concrete Beams

G. Villa and F. Baretieh

Acoustic Emission Behaviour in the Double Cantilever Beam
Fracture Test of Concrete

M. Izumi, H. Mihashi and N. Nomura

Evaluation of Damage Levels in Concrete Specimens Through
Acoustic Emission Measurement

S. Nliseki. M. Satake and T. Kashiwabara

Rock and Coal

The Kaiser Effect of A Granite Under Various Loadings
S. Murayama. K. Michihiro, J. Saito. T. Fujiwara,
H. Yoshioka and K. Hala

Acoustic Emission Characteristics in In-situ Plate Loading
and Block Shear Tests of Rock Masses

K. Hirama. M. Maruyama and T. Kuwahara

AE in Coal under Uniaxial Compression
M. Seta. M. Sato and Y. Watanabe

Non Stationary Poisson Distribution for the Acoustic
Emission Process in Coal

M. C. Reymond

Application of Acoustic Emission to Fracture Toughness Test
of Rocks under the Simulated Geothermal Reservoir Conditions

T. Shoji, K. Tamakawa. H. Takahashi and T. Wakabayashi

Evaluation of Rock Fracture Toughness in the Presence of
Pressurized Water at Elevated Temperature by Means of
AE Technique

M. Takanohashl, S. Miyazaki and H. Takahas1li



Evaluation of Working Face Stability in Coal Mine with
the Ponable Acoustic Emission Counter

Y. Watanabe, 1Nakajima, K. NtshtmuTQ and S. Fulult

Multi-ehannel Filtration of SeismoacousticaJ Data from
Coal Mining

B. CtanetaTQ and H. MaTeak

AE Monitoring to Evaluate the Effect of the Stress
Relief Roadway in Underground Coal Mine

G. Deguehi. A. Fukwhima and N. Oda

Acoustic Emission Monitoring of Rock Burst in Excavation
of the Kan'etsu Tunnel

I. Nakajima and Y. Watanabe

Acoustic Emission Monitoring of Rock Grouting of
Dam Foundations

T. Ueda. H. Nakazaki and T. Yamamoto

Special ~ture

Geotechnical Applications of Acoustic Emission Techniques:
Present Status and Future Goals

H. R. Hardy, Jr.

Subsurface AE

New Evaluation Method of Geothennal Reservoir by Field
AE Measurement

H. Nlltsuma. K. Nakatsuka, N. Chubachi, H. Yokoyama
and M. Takanohashi

Long Tenn Monitoring of A Large Concrete Dam with
Acoustic Emission

B.R.A. Wood, R. W. Harris and R.J. Colburn

Prediction of Slope Failure by Acoustic Emission Technique
S. Yuda, Y. Hashimoto, K. Takahashi, M. Kumagai,
H. Nlltsuma and N. Chubaehi

Rock Fracture around Longwall Panel in Deep-level Coal Mine
K. Salo and A. Fukwhima

Progress In Acoustic Emission II (1984) The Praceedlnos or the
7th International Af. SYmPOSium, 736 P8lI8S, hard rmer , Is llYllll8bIe 8t
S 80.00 (surfs:epost Included)f...

thoJapan SIx:. NDI, Hashimoto-81d!r. 5-4-5 AslIkusebashl,
Tallo-leu, Tokyo III, Japan.

or f...
Acoustic EmIssion Group
80x 364. 308 W8StWcxxl8lvd
los Angeles, CA 90024

For praceedlngs ofearllar AE SYmPOSia In Japan. cont8ct JSNDI. which
stili has a IImll8d copies of the Praceedlngs or the 4th 8tId 5th AE
SVmposlll ( 1978 and 1980) lit $50 II COP'( end Progress In A£ (Proc.
6th Int'l AE SymposIum. 1982) 8t $60 II copy. These lIt'8l1l1ln English.

239

Tho lato.t D••ting of tho 'UbCODDitt•• waa h.ld
on 1&DllAry 22 and 23. 1985 at tho Bilton IUD ill Fort
Laud.rdal •• Florida. About 25 porlona att.nded at
lea.t on. of tho ••ction •••tina••

Thre. doc1III.nta hav. beon .uco. a&fully
reballot.d and will continuo to be includ.d in tho
Bandbook. They ar.: B749. Oil Acoustic BiD halon
MonitoriDI Darinl ContinQOu, WeldiDa. E751. on
Acou.tic BDia.loD HoDitoriDa Daring Ro.iat.nc. Spot­
W.ldinl. both of which w.r. o••entially unch.nl.d aDd
E650. on Mounting Acou.tio BDi ••ion Cont.ct SOD.orl
which w.a u:tondv.ly revis.d.

Th.r. are elev'D oth.r doolllunta in SCIDO .t.go
of prepar.tion. E750. on Aoou.tic Baission
IDstrum.nt.tion i. boiDa revi.od to includ. a.ction.
OD digital .y.tOlD.. Docum.nt. on tho Aoou.tic
!IIinion TUUna of Fib.rglan T.nka/V....h .nd of
Reinforcod The~oaottiDI R.aiD Pipe '1" in tho
balloting proc.... Rovil.d draft. are b.iDg pr.p.r.d
of docum.nt. on L.ak D.t.ction .nd Location U.inl
Acou.tio !IIhalon Contaot S'D.ora aDd on Prim.ry
Calibration of Acou.tic !IIi••ion S.n.or.. DoOum'Dt.
for whioh tho fir.t dr.ft i ••till b.iDa writt'D
includ. ODO on Continuou. Monitoring of Pr...ar.
BOUDdado. Udng Acou.tic BDhalon and ono on Acou.tic
BD inion Moni toriDg of Iota tl na Eqa.lpllOnt. Do 0 1111.nt I

atill ill tho pr.limiury dhouuion .taae. includ. ODO
on NotatioD .nd Unit. for ReportiDg Acoustic BDi••ion
Re.ult •• on. on S.coDdory (Tr,D.f.r) Calibr.tion of AS
S.n.or •• ono on Tranaf.rriua CalibratioD Dat. botwoen
AB FaP Sy.tOlDa and one on AB Tutina of 9aIall Parts.

Th. only roqul rOlDent for 1II000borahip iD an ASTII
S.ction i. th.t ODO att.nd tho ••eting. AnyODO
interested in worUnl on any of tho above docum'Dt. or
d•••lopinl othor aCDuatic ..i ••ioD doc_ont. i.
luvited to att.Dd tho n.at DoetiDg of E07.04 which
will b. h.ld on Juno 25-26 at tho Biltllloro Botel in
Lo. Anaol ••• CA.

AJan G. Beattie

Ob••rvation aDd IdoDtification of erack Growth Hode.
iD Reactor St••l. uainl Aoou.tio Emi••ion. Proo••ding.
of • Work.hop held March 14-1$. 1984••t tho
Univerd ty of Denver. DeIlV.r. m

Prepared by ILB. Jones. P.B. Button.
M.A. FriOlo1 and S.M. Wolf

..Iter"a Not.

Thi••rtiol. cont.iD' Pr.f.oo and Sam.aEy of a
roport i ••ued b7 Pacifio Northwo.t L.boratory ••
mNF-8403152/PNL-SA-IUS6. A full r.port is avaU.ble
fra. National Teohldcal Infozaation Sorvice •• US
Departza.nt of Coa.orc•• SUS Port Royal load.
8priDlfi.ld. VA 22161.



Profaoo

This workshop was held to identify major
to~nioal issues in tho quantitative oorrelation of
acoustio omission with orack Irowth mode in reactor
steel s. The teohnolosical val uo of such a oorrela tion
il clear in torms of acceptins acoustio emilsion as an
arline nondeltructive probe of cractinl in light­
wator reaotor Itruotural oomponents and. al a
consequenco. in torml of increaains reactor
availability and reliability. The value for materials
Icience il clear as well in terms of demonstratins the
potential of a new irsitu nondestructive probe for
characterhins microframe events and poasibly local
deformation phenOGlena durins me~anical testing. a
capability not available with ezistins probol. Tho
desired output frOGl this workshop was a set of
recOGlmendations for the devolopaent of acoustic
emislion moni taring.:: thele requi re expertise of both
tho teohnological and scientific cCGlmunities. The
reocmmendation. are liven in the summary.

Two oCGIplementary Federal prosrams cosponsored
the meetins: the Materials Ensineering Branoh of the
U.S. Nuclear Regulatory Commission. with applied
research on cOlllponent craokins and acoustio emission
monitoring. and the Division of Materiall Sciences of
the U. S. Department of Energy. with fundamental
relear~ on phylical me~anilGls controlliDS
enviroDGIent-enhancod orack Irowth. The assistanco of
Professor i.i. Gerberich and Dr. C.B. Renaler as
wortins Iroup leadors and in writing tho summaries of
thoir workins sroUp disoussions is approoiated. Tho
contributions frCIII tho workshop partioipants.
partioularly inoludins disoussion at tho meetins.
written input for this roport. and oOGlGlents on tho
draft of this report. are gratofully aoknowledsed.

Summary of WorUns Group Conclusions and
RecCllllmenda ti ons

Tho purposo of this workshop wal to identify
scientifio and te~nolosical breakthroughl neodod for
tho quanUtativo correlation of acouaUc omi..ion (AE)
to crack srowth mO~SDilGls and rates in roactor
Iteell. It wal not the intendod purpose of tho
workshop to compare AB to othor nondostruotive
oUlllination (NDE) te~niques for speoifio nuolear
application•• although it was clear frCIII di.oullionl
that AE could oOlllploment ezilting appraoohes. The
prinoipal oonolulions and reoommendations produoed
during the workshop are .ummadzed below. The
workshop obJeotivOl have boen ulOd aa a framework for
this su=mary. and no raDtinS i. intended by the
sequenoe of recommendation.. The first two obJootivea
addre•• fundamental under.taDdins of physical
me~anilGls; the nazt three are direoted toward
te~nololioal noed••

ObjootlTo 1: Asse •• the state-of-the-art of AB
oharscterization of fraoture lIIeohaulIDs and rates.

CaBolpaion A: Despite substantial prior re.ear~ on AS
in variou. material •• with partloular applied emphasla
on AB in sen.itized wrought austenitio stainless stool
(srado 304). no sonanl quantitativo capability ha.
boon ostabliShed rolatins AE to oithor tho oztont of
inor_ontal oraok srowth or tho 1I0re diffioult iSl1lo
of identification of craok arowth mode.

Thoro are a number of approa~es to the problem
of souroe charaoterization; senerally speakins. these
can bo olassified as 1) direct 1I0deliDa. 2) inverso
modeling. and 3) pattern recosnitlon.

Direot model ins involvOl the dovelopaont of
expected slsnal features frCIII fundamental principles.
Blastodynamic AS fomulations now edst for tho
prediotion of AS waveforms frOGl point .ouroes in
i.otropic linear elastic bodlos with eithor ono or two
flat. parallol surfaoes. Such formulations. howover.
do not ezi.t for 1II0re complicated aeaDetries or for
lIaterial with anistropic ela.tic constants. nor do the
edsUns formulation. tato into aocount material
soatterins or absorption. For sOGle simple situationl.
su~ a. larse-thicknoss prossuro vOI.ol •• thoso modol.
may sive u.eful quantitativo predictions of tho AB
slana! for hypothotical fraoture events.

Inverso modolins (characterizins tho sourco by
analy.is of the AB si snal) haa boen nooo ssfully
appliod in the laboratory undor OloiOly oontrolled
oonditions dosianod to reduoe tho numbor of pos.iblo
variables (atross state and orientation wore known a
priori). ''Scalar'' .ourco sianatures for cloavaSo and
intersranular fraoturo of forritio materials have boon
deduood. In tho noar torm. basic rosearoh prosram.
are litoly to generalize theso inver.e modelins
methods leadins to a "ten.or" souroo sipature
oharaotorization. While offorins prCllli.o of 1)
provins tho validity of tho olastodynamio
formulation•• and 2) advancins tho ba.io undorstandins
of fraoturo. tho approach in ita initially dovoloped
form i. probably too complicatod to bo dirootly
applioable to nuclear problem.. No reaoarch has
convinoinsly demon.trated an ability to determine the
macroscopio rate. of oraok srowth by invor.o modolins.

Pattern reooanition differs frOGl invor.e
modelina in that it is con.idored ul1l1ooes.ary to
reconstruot the source sipal. as 10DI a. foatures
that are unique to tho .ouroe proce s. and that
consi.tently appear in the AE sianals can be
idontified. Experimontal research ha. been conducted
without a comprehen.ivo plan and i. therofore of
doubtful val idi ty. Most effort has concontratod on
U.inl pattern recoanition to distinsui.h oraok-related
AS from other typo •• and has doalt prinoipally with
frequency foaturo••

Rolatod to pattern recoanition is tho attempt to
ezamine the effoct of metallursieal variable. on .ale
".tandard" AS paramoters .uoh a. dana! ampl itude.
riso-time. duration. ete. This approach al.o require.
that only the parameter of intereat bo varied so that
offoot on tho AE dpa! can be determined. Bither
approach ha. a Sood likelihood of idontifyinl many
source-related prooosses without the diffioultie.
iuvolvod in .ouroe m040lins.

ObjootiTe 2: Do .cribe rOloarch and devolopaent neoda
for improved AS-fraoture relationships.

ConolpsioB ): Curront methodoloaie. reault in the
reportinl of AS .ianal parameters and not .ouroe
quanti ties. The.o parametor. are hiahly dependont on
a .peot. of the espertllent suoh a.....ple ae aDetry.
tran.duoer charaoteristic•• and sianal conditionins
in.tr_ontaUon.
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-Repo_epdation: A llIethodoloay should be established
for rOllloviDl esperilllent-dopendeDt variables fraD
reported results. To support a quantitative AB/crack
srowth llIode relatioDship. results should be ulalyzed
so that either property of the source dODO lIay be
doduood. Ideally. the aDOlysh should indica to
equivalent source lIeohanisms in different host
lIaterills. nil effort llIay entail aystOlllatio
esperiments under a variety of oonditions in order to
develop II seneral transfer funotion.

-Reoommendation: As a corollary to the above. a more
unifora llIethod is neodod for roportinl AS doteotor
sensitivity. inoluding a lOt of Itandard data for
syat .... oalibration by holated rnearchers.

Conolpsion ~: Relatively little research has beeD
direoted toward establishinl the fracture llIeohaniSllls
that oontrol the streDlth of OIlIitt.d AS sisnals. No
da taba.e of fracture llIechani l1li v.rsus AE .%1.t a for
reactor at••la.

-R.oo_.pdaUo!: Fraoture lIechani8llls/AB souroe
atr'Dath oorr.lationa (i •••• AB m.chanilllls maps)
should be developed for variolls auateni tic aDd
f.rritio reactor ateela to .stablish 1) • aoientifio
databaso to aid the understaDdinl of the physical
basia of AB. and 2) an enSine.rina database to design
appropriate 1lI0nitoriDg oonfillirations for speoific
appl ioa tions.

Copphdon D:" Acoustio OIlIhalon 1I0nitoriDI appean
partioularly attraotiv. for followinl flaw srowth in
older plaDts. Crack Irowth 11 mown to ooour in
n'lItroD-irradiated lIat.rial at low.r fraotur.
tOUpD'" val1l8a than that lIIellur.d for the
unirradiated lIIat.rial. Irradiation will affect both
yield atr.nlth aDd fracture behavior. No data.
howover••&ist OD the effoct of irradiation upon
fraotur. lIechaDillll souroe/atreDlth c:orrolationa.

-Iepoma.pdatio!: Th. exist'Dce of posaible Iyn.rlilllls
mons nelltron irradiation. fraotur'lII.chanilllla. and
souroe atr.nlth in r.aot or at••ll should be explored.

ObJo.U.o 3: Defino lIethoda to u.. AE-fraot1l1'e
r.lationa for pr.dicting the Itability aDd reliabilty
of reactor compon.nta.

Conolpsion I: Th. atate of atreaa (lIIod•• triaxility.
masnltude. cyclic natur•• etc.) ia .sp.ot.d to
stroDlly infl1l8nce the AS aocolllpallYins fraoture in allY
siven at.ol. Additioual .ff.ct I arh. helD Deuby
pr....dsUnS oracks that hav. be.n mown to behave as
acou.tic aoundiDS board••

-a,p0!gend.tion: The .ff.ota of atr.ss stat. and
presonc. of preoracks on the fracture
lII.chaDilllls/sourO' str.nsth corr.lations of reactor
st••ls should be oval uat.d.

ceRPlpliop l: The AS .isnal recorded by a tranadllcar
_.otoly loca ted fftlll a aouroo of mown lII.chani. aDd
alrna atat. caUDot be looated fl'ml a souroe of bown
lIochaolim .Dd .troll .tat. caDllOt be pr.dicted w ...
tllo w.v. propsation bellavior betweon source aDd
reo.iv.r i. 1lI••aured or calculated. Por allY but the
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silllpiest sources. caloulations lire too complu: to bo
appli.d realistically in the short/llIediaD term.

-Reco_endation: Esperilllental llIethods should be
developed to llIeasur. wave propola tion behav lor iD
nuclear cOlllponents. ne u•• of such method. to
predict AB sisnals that would be recorded by
transduoers placed in various confisurations about the
souroe should be inveatisated.

Conclpaion §: The llIeasured AS signal contaiDS
information about the lII.chani. of fracture. This
information ia important iD dotetliiDinl tho impact of
the fractur. procoss OD structural integrity.
Laboratory t.ohniq1l8 s for inverse 1lI0del iDS a re too
cOIIIpl ica ted for practical lIpplioa Uons.

--Recommendation: To be effective iD doduCiDS fracture
mechallisms. inverae modollDl studies should be
sonaltive to practical oODstraiDta auch as inaccurate
data. noiae. incalculable wave prop8SaUou. etc.
Powerful lIew artificial intelliseDce techniq1l81
(paUernrecoSDition. esp.rt syat.a. etc.) shouldbo
explored as an alternativo route to souroe
oharaot.rha ti on.

ObJeotho 4: Dofine boundary conditiollS for reliable
appl ica ti ons.

Conclpsiog K: Fraoturo 1I0chaDleD. source-receiver
distaDoo and atress state determine. in the maiD. the
AE amplitude at SQlll. remot.ly looated receiver. If
this mplitude 'xoeods the noise backsround. the
aouroe will bo reliably deteotod. If invera.
1II0dolinl/patt.rn recoSDition can bo doveloped. it may
be possible to doduoo tho fracture lIechanieD. althoup
the roliability of such en approach is uncertain iD
the absonce of appropriate data. ne boundary
conditiona oODtrolliDS reliability of detection and
charaoterization are thorefore likely to include
fractur'lIeoh.nieD. souroe-reo.iver distanoe. atress
state and baoksround noise. Howover. 110 formal
attOlllpt has bo.n llIade to lIap thea. boundaries aDd
identify a reliability resioD ill a llIultidillleDaioJlAI
apoce with tho above AXOI. ap --Recollllll.ndation:
Relationships should be developed between both
dotectioD aDd characterization reli.bility aDd
application variabl•• auch aa fracture lIechaDlSlll.
Itress .t.t•• souroe-recoiv.r. diatanco. backsround
noiae•• to.; the.. relationa should be incorporated in
fractur. lIech.ni. oriteda us.d in initial dedln aDd
In-aervice stability evaluation of struotural
cOlDpoDonts.

--R.cgmmopdatloS: As a corollary to tho abov••
quantitative correlation. botweon AS aDd materiala
fraoture llIechani.a should be esploit.d for
noDdoatruotivo material. oharactorhation.

Copohalon 1: Althoup AS oanot yot bo qualifi.d III a
a.f.ly-oritlcal 1II0nitorini t.ohDiquo for ro.ctor
.truotural oompoDenta. it would be advantaloua to
develop an applications databllse aDd to osp.dmollt
with AS in the r.actor envirollllollt.



--Recommendation: Noncritical ou-lino monitoring
applications should be developod for AE, identifying a
suitable prototypo application for a perfoDDanco
capability demonstration.

OlfJootivo S: Develop coordination between the
scientific and engineering communities concerned with
materials reliability.

Conclusion 1: Acoustic omission research and
developaent in materials has been actively pursued
during tho last 20 yoars. Tho research has emphasized
delinoating basic mochaniSllls of deformation and
fracture of a variety of singlo- andmultiphue
alloys. Tho development/engineering activities have
been directed principally toward monitoring senaitized
austenitic stainlesa steol (grade 304). It appears
timely to eubance fomation. transfer, and
coordination between the research and engineering
oommunities involved with AE as woll as between these
and the componont design/testing community.

--Reoommendation: An Engineoring Foundation Conforence
should be organized to bring to a single forUID tho
NIJ£, AE pattern rocognition. materiels, and mechanics
communities; ad hoc groups should be fODDed to
assimilate basic mechaniSlll data into a de taballk and to
coordinate with corrosponding technology groups.

--Recommendation: Multidisciplinary research and
enginooring efforts addressing the technical issues
noted above (e.g., those under conclusions B and B)
should bo encouraged.

S,-posia. on Aoonatio &.issiOD IODitorinl and Analysis
in Manufacturing, 1984 ASMB linter Annual 110 eti ng, Now
Orloans, loA, Decombor 9-13, 1984

Tho papera at this ~poai1llD covor a rsnge of
topics that both helpod to defino aaRe of tho baaic
parameters of AE a. well as illustrate soveral
applications in materials evaluation (scale formation,
fraoture and fatigue), machinory monitoring and metal
cutting and arc wolding procoss analysis. Although
SaRO of the papers did not spocifically address
manufacturing process applications, they gavo an
indlcation of the sensitivity of the acoustic omission
sianal to basic lIIaterial properties.

Papors presented at tho symposiUIII were:

'Tillie Series Analysis of Acoustic Bmission Signals
frca Glass Reinforced Plastics," R.M. Bolchamber, D.
Betterridge, H.P. Collines, T. Lilly, C.Z.
Jlarczowskiu and A.G. Hawke s

''Qaaractorbation of the Fracturo Procoss in PHHA by
Acoustio BDission Analysis," I. Oraboc

'~ooustio Emission Analysis as a Quality Check of
Ozldo Soalos Against Trith.. Pumostion in High
TlDporaturo Reactor Gu Genontin8 InstallaUons," B.
JODlS, R. Bocar and D. Stover
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''Study of Acoustic Bmission (AE) Associated with
Fatigue Damage to AIUlllinUlll Alloys," M. Cherfaoui, J.F.
Chretien, J.P. Spioldenor and J. Roget

"Application of Acoustic Emission Technique to
Detection of Rolling Buring Failure," T. Yoshioka and
T. Fujiwara

"Application of Acoustic Emission to In-Process
Monitoring of Su1lllerged Arc Wolding," J. Roget, 1.
Debioz and J.L. Meyer

"Acoustic Emission and the Mechanics of Hotalcutting,"
H.I. Schmellk

"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 technique. are relatively new.
The goals of acoustic emission (AE) analysis in
manufacturing are to develop new analytical techniques
and instrumentation for fundamontal research into
manufacturing processes, such as metal cutting,
foming and welding, as well as to develop new
reI lable proce ss moni toring technique s for control,:
AE-basod techniquea offer great promise for achieving
both goals. The acoustic omission generated during
manufacturing processes can be directly related to the
basic mechaniSllls of the procoas, such as, the
deformation during chip foming in metal cutting.
This close relationship insures a lIlore reliable and
efficient sensing technique for procoss monitoring.
The work included hero along with other recent work in
the fiold illustrates the future potential of AE
analysi sand instr\lllenta tion tochnique s.

These papers are available in tho symposium
proceedin8S, "Acoustic Emission Monitoring and
Analysis in Manufaoturing," PED Vol-14 (000285), ed.
D.A. Dornfeld, ASME, New York, 1985.

D.A. Dornfeld

POarth OoDforODoe CD Acoustio "is.iOD/~orosoi..io
Activity in Geologic Structures and Materials, The
Pennsylvania State Univorsity, Univorsity Park,
Pennsylvania, October 22-24, 1985

Tho Rock Mechanics Laboratory of the Department
of Mineral Engineering at Tho Ponnsylvania State
Universi ty will sponsor the Fourth Conference on
Acoustic EmissionlHicroseismic Activity in Oeologic
Struotuus and Ma tarlals on 22 to 24 Oct obar 1985.
The obJeotive of the conferenoe is to bring togother
the exportise of various workers iuvolved in tho
development and application of acoustic
emission/microseismic (AE/KS) techniquos in the
geODechanics area. Tho first three conferences in
this serios wore hold at Penn State in 1975, 1978 and
1981. This fourth conforenco will provide an
opportunity to oontinuo critical evaluation of various
a spoct s of the subj ect. and to rev iow rece nt
devolopaents in this rapidly expanding field. Co­
chaitlllen for the oonference are Prof. H. Reginald
Bardy, Jr•• Director of The Penn State Rock Mochanics
Laboratory, and Mr. Frederick W. Leighton, U,S. Bureau
of Minea, Mining Resoarch Center, Deuver.



Tho rationalo for thi. conforonco .orio. i.
basell on tho fact that thoro aro a oon.illorablo nuabor
of por.on. throushout tho world who aro aotivoly
.nsas.1I in ba.io aDd appliod r ••••rch in whioh AEJHS
t.chnique ••1'0 utilizod to ev.luato tho b.h.vior of
,.010Sic Itruotur.s .nd mat.rial.; .nd on tho f.ct
th.t tho no~al .ympo.ia .nll conforonoo. in aro•• luoh
as lIIinin" oivil onsin.orin8, rook .nd sol1 1I0chaDicI,
oto. sonora1ly oover a vory wido r.nse of topio •• and
a. a reault do not provide a suitable for1llll for a
detailell pre.ontation .nll disous.ion of d.velopaent.
in tho AB/MS aroa. In contra.t"thero i. little doubt
that this ••rio. of conf.r.nco•• de.lins speoifically
with the .pplio.tions of acoastic
emi••ion/aioro.oi..ic tochniqu•• in SOaDoohaDic., havo
b.en hiahly .uoce ••fal. Th. concept of '~orkins

m••UIlS." .uoh a. tho.., iuolvins a ..all. acloct
aroup of partioipant.. offer. not oaly a uDiqae fo~.t

for prosentins individual work to • aroup of one'.
poers, but al.o .erves to offor an atao.phere in which
di.cu••iolls aro oa.ily 80nor.ted.

As in p.st conforencos partioipation .ill be
re.tricted to .pproximately 40 ensineer. anll
scionti.ts who or. aotively anll per.o..lly enS.sed in
AB/HS re.e.rch in 80010Sic .truoture••nd lII.torill ••
The prosrlll will con.i.t of a s.rios of short fO~ll

pro.ent.tion•• oach followod by In oxton.ivo
di.ca••ion .o ••ion. A .orio. of .pocial di.oa••ion
lOuion••ill al.o be .cheduloll dealill, with .pocific
topio. of ,enoral intoro.t.

Tho prooo.dinS•• a. in tho c••o of tho previou.
threo conforenco. in this soriol, will be publi.hod ill
hard covor fo~ by Tr.n. T.ch Publio. tion••
CI.u.th.l-Zollorfeld. West GeEmany. Tho Iddro•• of
thoir Americln offioo is li.tod below.

Trln. Teoh Publioltion.,16 Belr.kin Nook
Rookport. JIA 01966

It i. oxpectod thlt tho proooodins. of tho Pourth
Conforenoo will be .vaU.ble by Ootober, 1986.

FOr further iafo~ation on this oonforonoe,
contaot

Profe••or B. Bosinlld Bardy. 11'.

Director. Rock Mochoaic. Laboratory
RoClll 117. Hinoral SoienoOl BDil4inS
The PeDn.ylvaala St.t. UDiveraity
Ualvordty Park, PA 16802
Tel: (814) 863-1620 or 865-3437

Phyaioal AGoutie. Corp. offer. a abort cour.e
on AB at Na ..ua Iu. Princeton. Nr frClll :U AprU to 3
lI&y 1985. 1JIq111 ry ahoul d be di note4 to PAC, 819
Alounder Road, Prinoeton. NJ 08540. Pho.. : (800)
~S'-S140 or (609) 452-2510

CoY" Plaotoanp

Partial Dilohar,. Doteoti..

AB IntorRational. a divi.ioll of Th. Bartford
StOIll Boilor In.poction and In.urallo. Compa.,. ha.
.onouoed all Isroam'Dt .ith the Bleotrio Power
ae.o.roh ID.titat•• Inc. (BPRI) to llIanufaoture I
portable acou.tio OIIIi.sioll teatins d.vice to b. a.od
iD deteotins partial olootric.l di.charso. in
traD.form.r.. Tho avoraso .S' at f.ilur. of tho
·~ypio.l" 5 MYA or lars.r trln.former i. 11.4 y.ar••
Still. tho.e tran.fo~or. not t ••ted w.re fouad to
fail at IIIllO.t twioo the frequancy colllp.red to tho ••
which rec.ived routine te.tinl. no averase direct
daIlIas. 10•• of tho.e that faied wa. 11101'0 than ~50.000,

althoush individual 10•••• esce.d ~l,OOO.OOO. Tho now
acou.tio OIIIi ••ion to.tinl dovice i ••sp.ot.d to
oonfiD! thue te.tlnS result. aDd to furth.r d.temine
tho illtesrity of the tran.former.. The currellt
t ••tins t.ohlloiosy tond. to be hi.torical in Dature
aDd do.s not ol.ays fally de.orib. the in.tantaneou.
oondition of I unit.
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PROGRAM I TECHNICAL MANAGER

We are a medium-sized insurance company located in Hartford, Connecticut seeking a
ProgramfTechnical Manager for our Acoustic Emission Division.

Responsibilities include planning, directing, and controlling of division technical activities: preparation
and presentation of technical papers, etc.; technical quality and training of division personnel;
recommendation of technical plans, budgets, etc.; involvement with innovative research in Acoustic
Emission and development of acoustic methods for quantitative flaw, materials, and process
characterization.

Successful candidate must have a as degree and a minimum of 5 years experience in Acoustic
Emission technology or equivalent. MS or PhD degree in Acoustic Emission, EE, Physics or
Materials Science area desired.

Send salary requirements and resume to Human Resources Department.

THE HARTFORD STEAM BOILER
INSPECTION AND INSURANCE COMPANY

ONE STATE STREET
HARTFORD, CT 06102

We lite an Equal Opportunity Employer. MlFIHN
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NOTES FOR CONTRIBUTORS

1. General

The Journal will publish contributions from all
parts of the world and manuscripts for publication
sho uld be subm itted to the Ed i tor. Send to:

Professor Kanji Ono, Editor - JAE
6532 Boelter Hall
University of California
Los Angeles, California 9002Q USA

European authors may submit manuscripts 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 7-22-1
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. Drouillard, Associate Editor - JAE
Rockwell International
Energy Systems Group
P.O. Box Q61i
Golden, Colorado 801i0l

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 half-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

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.O. Harris. and C.A. Tatro.
(1968) Eng. Fract. Mech., 1: 105-122
[01i20) •

Y. Krampfner, A. Kawamoto, K. Ono, and
A. T. Green (1975) "Acoustic Emission
Characteristics of Cu Alloys under
Low-Cycle Fatigue Conditions" NASA
CR-131i766, University of California
Los Angeles and Acoustic Emission
Tech. Corp., Sacramento, April [01036).

A.E. Lord, Jr. (1975) Physical Acoustics:
Principles and Method s, Vol. 11, ed.
H.P. Mason and R.N. Thurston, Academic
Press, New York, pp. 289-353 [01091i].

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

Illustrations and tables should be planned to
fit a single column width (1i.5") or a double width
(9") • For the rev iewing 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~.

II. Review

All manuscripts will be judged by qualified
reviewers. Each paper is reviewed by one of the
ed itors 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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