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INTRODUCTION

Laboratory tests of ductile esteels have shown that most of the detected
emisElone are associeted with plastic deformation and that ductile crack growth
18 relatively quiet (1). Measurements to detect defects during pressurisation
of large steel vessels have given variable results, some workers having detect-
ed plastic deformation amd crack growth, others not (2,3,4). The direct com-
rarison made here between the emission activity of laboratory specimens and an
artificially defected pressure vessel demonstrateg how erroneows predictions
of pressure vessel emfmeion characteristics may be made from laboretory tests
ani why emission may be undetectabls from large structures.

EXPERIMENTAL PROCEDURE
Leboratory testa Four Doint bend specimens, 35.5 cm (14 ins.) long of the
type shown in Fig. 1 were tested. The straight 'plate!
8pecimens were machined from original vessel plate material and were teated to
assess the characteristica of BS 1501-151 mteel with the oblective of predict-
ing the acoustic emissidn response of a large (5m x 2m) ertificially flawed
teat pressure vessel made from the same material. . The curved specimens were
cut from the pressure vessel after it had been Mressurised to failure.

An REML, 190 kHz resonance, emission sensor was attmched ak each and of the
specimen. Diserimination against spurious signals originating at the loading
points was achieved using a coincidence sygtem. This system validated an em-
igalon as coming from the fatigue notch in the specimen only when both senspra
were iriggered within a fixed gate time (20 in these teeste). Messurements
were made of load/COD, ringdown count rate/COD (X-YY), located emission rate/
Time (X-T), ringdown count rate/Time (X-T). Reference load values weTe in-
cluded on the constant apeed (X-T) recordere via an event marker. A tape re-
corder was used on soms tests to record emission for future reference and off
line pulse height analysis.

RESULTS .

Typical 1oad/COD (crack opening displacement)/Emission ringdown records for
Plate and vessel specimena ere given in Fig. 2. The ringdown emission rate
¢learly shows the marked difference in emission characterigtics (and a 12/1
difference in emission rate) of plate and vessel specimens. Plate material
£ave meximm activity at general yield, low activity during ductile crack ex-
tension and increased activity at maximm load, probably associated with tear-
ing and delamination, evidence of which could be seen on the fracture surface.
Vessel material gave almoat uniform activity between general yield and maximum
load. On the located count records (one count per emimsion event}, the diff-
erence in emission rate at yield is not so marked and count rates immediately
after yield are higher from vesssl specimens, as showmn in Fig. 3.

The totalised emipeions at three load levels from the 11 specimens tested
i.e. general yield, 1.25 x general yield (minimm coumt rate in rlate material)
and at maximum load (level at which the test was stopped) are shown in Table 1.
Comtparison of data up to 1.25 x general yield load shews that the rlate speci-
mens were at least twice &s active as vegsel 8pacimens. Pulse height analysis
Fig. 4, shows the emission amplitude distributions at Progreseively incremsing
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loads. At all levels peak signal amplitudes were lower from vessel than plate
ppecimens, a result which could be inferred from the ringdown count rates. Sig-
nals with amplitudes greater then 3¢ times instrument noise level were infre- .
quent from either type of specimen.

PRESSURE VESSEL TEST (4)

The pressure vessel was febricated wsing BS 1501-151 Grade 284, a low stren-
gth C-Mn pressure vessel steel. Three axial partial penetration defects were.
introduced into the vessel surface and the vessel was pressure cycled to 525 pei
to promeote fatigus crack growth at the most severs defect. Thias defect was
initially B8 inches long and 0.8 inches deep and after 1142 pressure cycles the
defect depth had incereaged by an estimated 0.08 inches. 0f the 1142 pressure
cycles, 91 were monitored using the SWEL system (5) but the first cycle was mot
monitored. Only the defect known to be growing under the e¢yclic load was mon-
itored for acoustic emission. Emipsions were monitored using an array of 190
kHg rosonant emission sensors mounted with araldite adhesive. Detection system
sensitivity was checked using dummy emission pulses generated by driving an em-
igaion sengsor with an electrical impulse. During the 91 cycles monitored using
SWEL, acoustic emission from the defect region was low; approximately 200 em-
issions (including background activity) were observed. Yo localized emission
source could be identified peositively with the machined defect.

After fatigue pre-cracking the severest defect, a fourth partial thickness
defect was machined intoc the vessel wall. The veesel wag then subjected to 13
progressively increasing pressure excursions until the 0.88 inch deep fatigue
pre-cracked defect penetrated the vessel wall at a pressure of 350 poi and the
vessel failed by leakage. The whole vessel was monitored for emissions during
this phase of the test. Throughout the test no statistically significant em-
ission source was identified either from the fatigue pre-cracked defect which
failed by tearing through the Temaining ligament or from any of the other three
moachined defects, at least two of which were calculated to be yielding(4).
COMPARISON OF SYSTEM SENSITIVITIES

Tn order to assess the significance of the laboratory emission data an eff-
ort was made to compare the system sensitivities on wessel and test pieces. In
the absence of an absolute method of calibration, comparisons were made using
dummy Tesonant signals generated by exciting an emission sensor with pulses 10
sec. wide of amplitude 50 mV (test pieces) and 200 n¥V (pressure vessel). Cali-
bration checks of the pulser system had shown that the received signal amplitude
varied linearly with input pulse ampl;tude for inputs in this range. Measure-
ments on the vessel were made both Dy exciting sensors in the detector array and
by exciting meparately attached 'pulsing' sensors. Senaitivity checks on spec-
imens were made by exciting each sensor in turn and measuring the peak recelved
gignal at the other. Measurements were also made to esiimate errors caused by
differences in sensor construction and coupling between vessel and specimens.
The result of these measurements indicated a reduction of sensitivity of 26 db
on the vessel compared with specimen tesis.

DISCUSSION

These results have particular relevance to the use of laboratory tests in
the prediction of the emission behaviour of large structures.

Piretly the differences in emissicn characteristics of vegael and plate spe-
cimens (made from the same material) show that laboratory tests should be made
on ppecimens which have undergone the same forming processes as the structure.
The most likely reason for the differences between the specimen types if the
different heat treatments seen by plate and vessel material. The plate was in
the 'ag rolled' conditlon whereas the pressure vessel had been formed and stress
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relisved for 2 hours at 625°C after febrication. Other workers have reported
that slight changes in heat treatment produced slgnificant differences in ac-
ougstic response(6). The differences between plate and vessel specimsns are not
thought to be attributable to the ampunt of pricr stress seen by the vessel spe-
cimens for the following reasons. The vessel failed at a hoop siress of appro-
ximately 13 +t8i and as the yield strength was 16 tsi regions remote from the
defects from which the apecimens were cut would have suffered no previcus plas-
tic deformation. That this was the case is shown by the well defined ylelding
Tlateau (indicative of freshly yielding material) in the load/COD record for the
vessel specimen {Fig.2).

Secondly there is a large discrepancy in emission activity and detection
sensltivity between vegoel and specimens. The loss of gensitivity on the
vesgel has been attributed mainly to attenuation and diepereion, which reduce
signal amplitude with distance from the signal scurce and variations in sensor
sengitivity. These factors may produce high losses, since unambiguous leocation
of an emission source on a large structurs or vessel requires aignal detection
by both the least sensitive and most remote of an array of sensors. The dia-
crepancy between the emission activity of wveseel and specimens may be accounted
for by comparing the indicated difference in semsitivity with the resulte of
pulse height anelysis.

Only 1 (approximately) of the signals from the vessel specimens exceeded
background by 26 db and lees than 0.2 by 30 db. Taking into account the loss
of 26 db indicated by the sensitivity tests this means that very few signals
would be detectable on the vessel, e.g. perhaps 10 at yileld, of the order of 100
before failure occurred, spread over 13 pressurisations. Theee few signals,
if detected, would be of low amplitude and any clear emission source indication
cbeeured by scattered gurface activity and errors in lecation analysis. The con=-
clusions to be drawn from these measurements are firstly that erroneous predic-
tions of emission behaviour of a structure may be made unless specimens of the
actual structural material are tested. Secondly, even if this is done, the
prediction of emission activity of a large structure requires some meana of com-
paring system sensitivity between field and laboratory measuremsnts.

REFERENCES .

l. PALMER I.G. Acoustic emission messuremsnts on reactor pressure vessel steel. |
Materials Sciemce & Engineering 11 (1973) 227-236. 2. STAHIKOPF K.E. & DAU
G.J. Acoustic Emimsion. 4 Critical Assessment. MNuclear Safety Vol. 17 No.l
Jan 1976. 3. SINCLAIR A.C.E., FORMBY C.L. & CONNORS D.C. Acoustic emismaion
from a defective C-Mn Steel pressure vessel. CEGB(BNL) Report RD/B/N2976.

4. EENTIEY P.G. et al. Acoustic emimeion test on a2 25mm thick mild stesl
pressure vesgel with inserted defects. Third Conference on Periedic Inspection
of Pressurised Componenta. I.Mech.E. Sept. 1976. 5. BENTIEY P.G., DAWSON
D.G., & PARKER J.A. Inetrumentation for Acoustic Emission. TUKAEA TRG Report
2482(R) 1973. 6., HOLF J., PALMER I.G. & GODDARD D.J. The use of Acoustic
Emipplon to detect cracks in gteel. Welding Inst. Detection and Meagurement of
Cracks. '




Proceedings of The Institute of Acoustics

THE PREDICTION OF ACOUSTIC EMISSION EEHAVIOUR OF LARGE STEEL I
STRUCTURES FROM LABORATORY MEASUREMENTS

@  mir mdTe TRAIERL

0 LML WHOhN k08

Oy
bl .

T @ Rty TelteIn) LOCATED EMIBHON . B3 IS0 A STEEL SPECIMENS
LT LL T T

Ry e Y L]
. LTI It Lt .
Fig.1 TESTRECE TyPLd uiED IN COINCIDENCE WORN FLATE SO B

sy oo 181 & vy
A

RO 11

Pure ot (8] 3w
iyl

-

DuchiLl Chack RETEWSIOR
|-

EMqOOWN oMY RarL [omens w7}

B W K a0 "" . * * Bl )
cus pavor mamacisamt wyie st

s O NS OF aeUTIx, o

[Iﬂ. RIHGOOVNI COD AND LOAD {£OD TEST REICORADB
FOR 'PLATR' AND 'vEssEL TEST PIECES




Proceedings of The Institute of Acoustics

ACOUSTIC EMISSION AND THE ASME PROPOSED STANDARD: A CRITIQUE

ALLEN T. GREEN, PRESIDENT*

Acoustic Emission Technology Corporationf 1828A Tribute Road,
Sacramento, California 95815, U.5.A.

Within the United States the Boiler and Pressure Vessel Codesof the American
Society of Mechanical Engineers are the law in 48 of the 50 states. No further
commentary is necessary to expound on this point. It is will advised for any new
and promising nondestructive inspection technigque to seek acceptance through ASME
codification. Such is the case with acoustic emission; ASME document EQ0096 is a
Recommended Practice for "Acoustic Emission Examination During Application of Pres-
sure." This RP has been developed by an Ad Hoc Working Group on Acoustic Emission
of ASME whose members are to be complimented on their perseverance and perspicac-
ity. The author believes that portions of the document are too far-reaching and
currently somewhat beyond the demonstrated capacity of the technique. Indeed,
valuable functions of AE are absent and thus degrade the applicational use of the
technique.

To the reader it should be ovbious that acceptance of AE methods and techni-
ques will be of major economic importance to AET Corp. and our competitors, even
so our enthusiasm for the technique must be tempered by conservative engineering
or else these same technigues will never make & technology.

The views presented here should be considered merely juxtaposed rather than
in controposition to some of those recommended. Followina through the actual doc-
ument is one way to point out my position. For example, the Foreward speaks of
the proposed standard's purpose as "...to provide industry with a common basis."

I question -- basis for what? Is this standard a foundation {or base} for estab-
lishing structural integrity, detecting flaws, Tocating flaws, assisting other NDE
techniques, or what? The Foreward continues with gaining experience "...to es-
tab1ish?the_credence of acoustic emission technology." Again I question -- belief
in what?

A good porticen of my views on the proposed standard evolve because of the Tack
of objective definition as to the benefits to be accrued and the rationale for
applying an AE examination. As practitioners-of-the-art we are possibly too close
to fully comprehend, from a users viewpoint, why AE monitoring should be accom-
plished. The Foreward, to continue my example, goes on to state that AE examin-
ation has been successfully used and also that it has potential advantages over
other nondestructive examination methods for certain applications. What type of
success and advantages are not explicitly stated, nor to my interpretation are
they implicate in the body of the proposed standard. I say that if we have made
successful applications and if we have advantages we had better say what they
'were' and 'are' and be prepared to back them up with cold, hard facts which are
predicated upon accepted NOE and engineering practices. Without this information,
if I were a potential user of AE I would be interested only academically. Indus-
trial response to the proposed standard has been mild, to say the lease, and the
Foreward's request to use and evaluate, without reference to how to evaluate, is
only a vacant supplication.

The principle abjectives, defined as "...to locate, monitor and grade emission
sources..." are rather inconspicucusly placed in subparagraph 1122.1 under General

* The views expressed in this presentation represent these of the author and may
not be construed as the position of AET Corporation.
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Requirements. Moniter, as an objective, is not defined and yet should be one of
the major functions of an AE examination principally with respect to leak detec-
tion and localized yielding.

Preliminary Information is not a realistic.or properly strong section of the
recommended standard., I find it lacking in its inability to take an assertive pos-
ition with respect to the pressure application program and means of assuring elim-
jnation of potential moise sources. We are all aware that if experimental stress
analysis techniques such as strain gages or NDT methods such as ultrasonics or rad-
iography were being used that certain steps, procedures, and schedules would have
to be implemented for their successful utilization. These would be specified and
might consist of such items as surface preparation for strain gages and UT, unre-
stricted and sole accessibility to the test article for radiography, and possibly
modification to the pressure schedule to suit strain gage readings. Yet in the
proposed AE standard the passive role almost assures difficulties in properly ac-
complishing a creditable test. ’

If AE technigues are to be applied we should insist upon them being applied
properly and with every consideration given to producing clear and unequivocable
results. Thus pretest accessibility to the vessel should be a requirement, as
should proper surface preparation for sensor attachment. Scaffolds, belts, chains,
and other paraphernalia contacting the test structure, but not absolutely necessary
for the test or operation, should be eliminated. Similarly experience has estab-
lished that pressure accumulations, flexible pressure lines, downstream check valves
and implementation of other such items can usually reduce the background noise lev-
els to insignificance. )

Quite possibly the strongest single item to be insisted upon by the AE examiner
is the pressure application program. Merely allowing the pressurization to occur
at an uncontrolled rate (usually predicated by the pump system) and without serious
consideration of the AE monitoring is ludicrous. I, and in this instance AET Corp.,
have always proposed a pressurization schedule such as shown in Figure 1. While
some modification of the schedule is negotiable the viable features should be re-
tained. These are: 1) pressurization rates to be constant (or as nearly as pos-
sible} in order to minimize strain rate induced variations in the AE data. 2} Pla-
teaus to be selected with no less than three nor more than burdensome. Hold per-
iods to be on the grder of five minutes, or until AE data dissipates. This fea-
ture generally enables the AL examiner an opportunity to operate the monitaring
system under the best signal-to-noise ratio condition. Further, it is self sorting
with respect to flaw growth and continued emission at increasing pressure plateaus
and also enables the possible monitoring for leaks and localized yielding to be
accomplished. 3) The pressure decreases with repeated increases through previous-
ly applied pressure increments enables the "Kaiser Effect" to be used in its full-
est capacity. Firstly, this procedure will verify extraneous mechanical noises,
thus increasing credence in the monitoring and secondly it will also self sort
(and thus help to rank) the emission Tocations. We do not suscribe to a pressuri-
zation test philosophy with AE monitoring that does not propound a pressurization
program such as shown in Figure 1 or a modified program as shown in Figure 2.

Usage of such words as "relevant, acceptable, energy, representative, and eval-
vated" must be clearly defined as to their purpose and intent and method(s) of ac-
complishment. Detection sensitivity calibration (1123-2a) which describes gain
adjustment to provide a minimum specified artificial source signal response as de-
tailed in the examinatfon procedure is not discussed in same. Sensitivity suffic-
ient to detect a simulated AE source may be insufficient to detect a real AE source.
Detection levels should probably be specified with respect to the sensor output and
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in my judgement (other AET Corp. staff members concur) system sensitivity should
generally be run as high as possible. It is easy to discard data based upon ampli-
tude level but impessible to recover the same if never captured.

Comments on the verification of the system source location function concern
themselves with the possible ability to "beat the specification" based upon selec-
tion of "representative locations." This Tocational capability should possibly be
denoted in terms of percent of total surface area or by mutual agreement with the
owner. Locational accuracy beypnd that absolutely required usually increases test
cost in direct proportion (2t least) to the number of channels. '

It is somewhat difficult to imagine how one might force the artificial source
signal to background noise ratio to remain acceptable upon pressurization as stat-
ed in 1132.1. Consideration of this potential problem area has been discussed
previously as an item to be accounted for well in advance of the actual test per-
formance. 1 do not believe that many project engineers will currently accept the
philosophy expressed in 1132.3 and controlled by 1144 regarding nonscheduled pres-
sure hold periods required when Grade A signals accur, and Grade A signals being
those occurring during pressure build-up. This is when the overwhelming majority
of the signals do occur and thus it would be almost impossible to complete the
test particularly if other NDE methods (plural is in the standard) such as radio-
graphy or manual UT are required {particularly if pressure decreases were necessi-
tated because of safety requirements). Under the same section, 1132.4 discusses
"...selected hold in pressurization..." and does not define the selection process.
I again suggest the predesignated pressure program of either Figure 1 or Figure 2.
It is disconcerting to see references to taking necessary action to influence con-
trol of background noise at this point. AE test procedures should be assertive to
these potential problem areas as a preventative approach rather than responsive to
problems after they develop.

Categorically paragraph 1132.5, which allows the examiner to descretionally
seTect whether or not he accumulates AE data during hold-periods, 1s 111 advised.
Pressure plateaus, as previously discussed, are one of the more meaningful and
least troublesome of the AE data periods. It should be mandatory to acquire data
during hold pressure intervals.

Section 1143, Grading of Signals, presents the strongest reason why this Pro-
posed Standard will not readily be accepted and rightly so. An entire treatise
might be developed of raticnale suggesting the prematurity of this concept on an
absolute basis rather than on a comparative ranking. Variations in material{s),
welds, attenuation, temperature, and numerous other factors can and probably will
affect this effort. It is possible that the method(s) presented in ASTM's Acoustic
Emission Monitoring of Structures During Controlled Stimulation {E596-76} is a cur-
rently better and more viable approach.

Appendix A on Calibration Procedures I choose to delete from this discussion
\ and proceed to Appendix B, Interpretation of Results. B-1132 requires that AE
source location be performed on signals detected by a minimum of two sensors. Ex-
cept for pipe or other such Tineal source location procedures, planar location can-
not be accomplished by a twg-sensor array. Allowing the analysis of the AE data
over a parameter of time, as expressed in B-1133, is also i11 advised unless time
and pressure (for example) had a one-to-one correspondence. The example of stress
range increments should most likely designate which principle axis of stress.

The data reporting of B-1134 is impractical and indeed almost impossible with-
out the pressurization schedule I propose. The interpretation of AE activity as
described in B-1135 1s inconsistent with the 1144 Grade A definitions as is B-1137.
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PERSONAL RECOMMENDATIONS:

My analysis of the status of Acoustic Emission suggests that a more reasonabhle ap-
proach toward acceptance would be to concentrate on those areas in which acoustic
emission monitoring has been proven with demonstratable results. These are: 1)
locating the origin of detected signals; 2) detecting leaks; 3) Tocating Teaks;

4} detecting loose parts (usually under flow conditions); 5) detecting Tocalized
yielding (under suitable conditions); and finally, a possible inclusion of 6) rank-
ing of AE locations with respect to that test vessel only in terms of AE data such
as: a) Events per location. b) Cumulative peak amplitude per location (normalized
for distance if important). c¢) Ringdown counts per location. d) Amplitude distri-
bution per location {normalized if important) and at various percentages of pres-
sure. A1l of the forementioned should be on a normalized parametric scale (pres-
sure, for example) for bath rising pressure and hold periods. 1 reserve the right
to change my thoughts on Item 6 above at any time.

In essence, 1 believe that we are capable of producing separable standards,
one for the demonstratable and viable utilization of AE monitoring to augment the
test performance (leak detection), possibly prevent catastrophic or premature fail-
ure {yield detection and continued AE from specific locations during hold periods)
and to assure that active flaws are detected and located (so as to be more thor-
oughly inspected by currently accepted NDE practices). The second standard should
be proposed as to evaluating the various methods of grading {ranking) the Acoustic
Emission Tocations and corroborating them with code defined practices.

Finally, we should most thoroughly display in bold letters that Acoustic Emis-
sion source locations are from active flaws (indications?) and that passive dis-
continuities may indeed become the critical element in successful operation of
the structure. Passive flaws cannot be detected by AE. Further, we do not yet
know the full limits or horizons of Acoustic Emission and thus regular review of
proposed and accepted standards should be continued. Joint participation of U.S.,
European, and Japanese Working Group members with the Ad Hoc ASME Committee is vi-
tal to the further acceptance of the technology.

I again wish to express that many of these comments are purely my own views.
However, they may well have originated through discussions with the knowledgeable
members of the AET Corporation staff, and a wide variety of personal contacts with
the literature, clients, and other practitioners of the technology -- friends,
competitors, and both.
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