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INTRODUCTION

Stress wave emission monitoring has perhaps greater potential
as an NDT and diegnostic tool than any other technigue yet devis-
ed but, in many ways, progress with the development of these
techniques has been glow. This is very unfortunate since if the
technigues could be suitably developed they would make a major
contribution to ensuring the safety of o0il rigs, nuclear power
plant and many thousend of other siructures and assemblies.

Buphoria has been generated by the potential of stress wave
emission monitoring, but an adverse reaction has resulted, both
from an initial over-sell and from very variable results in prac-
tice. The net effect has been to cloud the processes in mists of
uncertainty, but these mists are now beginning to clear, in that
the situation is taking a more definable pattern, which should
eventually allow resolution of the controversies over the viebil-
ity of the techniques, of the assessment and calibration proced-
ures and the location of emission eocurces.

It can now be seen that emission is detected in some instances
(satisfactory sources) in sufficient quantity and sufficiently
consistently to give confidence in the technigues provided ration-
al assessment approaches are used {1-5). In other cases (6) emis-
sion is not detected or thet detected iz too sparzse or too incon-
sistent to allow meaningful interpretation (unsatisfactory sourc-
es). If this pattern of behaviour can be rationalised the viatil-
ity of the techmiques when they are applied will be enhanced and
the areas where further effort is required will be more clearly
defined. This paper first discusses the detectability aspeet and
then its significance with regard to assessment before briefly

noting the current situstion with regard to other important
agpects. .

DETECTIOR OF EMISSION

Stress waves are vibrations generated by dynamic events within
materials and are an essential part of those reactions. Consequ-
ently, emission should be detected from all rupture and deforma-
tion mechanisme, from many phase change reactions and from some
encillary effects such ag fretting.

The main interest is in rupture and deformation since the
greatest potential for application of stress wave emission tech-
niques lies in (i) Fabrication monitoring, (ii) Preservice and
proof load monitoring, (iii) In service monitoring.

If vieble, the technigues are theoretically avplicable to any-
thing from small components to large structures.

The essential regquirements of any viable monitoring approach
{whether pure assessment or based on source loeation) (6,7,8,9)
are (i) An adequate detection capability and (i1i) A rational
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assesgsment technique.

Stress waves have a very wide dynamic range (amplitude) (1,2,3,
9) which is to be expected (6,7,10§nsince they are generated by
events with from microscopically small to macroscopically large
dimensions (Pig.1l). Thus, detection systems require both uwlti-
mate sensitivity and dynamic range, sensitivity being possibly
more important since much of the interest is centred on finer
events, where other 1nspect10n or NDT techniques are unsuitable.
Here usable sensitivity is achieved by using (i) The inherent sen-
gitivity of piezo-electric transducers {especially at their reson-
ant frequency), (ii) High gain, low noise, amplification systems
of restricted bandwidth and (iii)} Sufficient shielding etc. to
give a high level of immunity fo electrical interference.

with regard to items 2 and 3, the AMI team have set a very high
standard (11,12,13) and it is doubtful whether any lower standard
should be tolerated, in view of the dynemic range required and the
need to detect fine events.

Work by the Harwell team (14) has shown thik transducer sensi-
tivity is high, for example amplitudes of 10 m which are orders
of magnitude below the interatomic distances, may be detected.
Even with high gain amplification systems and no noise problems,
however, the amount of emission detected is sometimes virtually
non-existent. TFor example, using systems produced following the
AMI approach, fatigue tests on aluminium alloys have been monitor-
ed at The Welding Institute with no emission being recorded over
prolonged periods of wvisible crack extension (2). Also, the fact
that more emisaion is normally associated with the minor deforma-
tion at yield stress or at the limit of proportionality, than with
subsequent major plastic deformation is a cguse for concern.

One of the few guides to the amount of emission which ought to
be detected iz the copious emission asscciated with some cracking
avents which, when suitably assessed, can give an approximate
direct correlation between the assessed value and the extent of
the source event (1,2,3). BExamples of these events are lamellar
tearing, stress corrogion cracking in some aluminium alloys and
brittle short transverse failure in aome aluminium alloys. Here,
extrapolation of the data obtained indicates thet an arbitrary
unit emission (generating a 1 V signal at the input to the pre-
amplifier and selected for convenienge) if generﬁted by eracking
would be equivalent to a jump of 107" to 10~ depending upon
material and event. Assuni: that the minimum individual crack
Jump will be 107° to 10 Gmm many of the smaller emissions de-
tected, e.g: generating 3 V 0 say 30 ¥, will be associated with
deformation or olher events. This is reasonable since most defor-
mation mechanisms would be expected to genegate em1591ons equival-
ent to those for crack jumps within the 10™° to 10~Cpp® size

range {if the latter actually occurred). Consequently it would be
reasonable to expect that copious detectable emission would be
generated by all cracking mechanisms and by any significant volume
of material undergoing deformation. The pattern emerging from
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practical experience appears to be:= (i) Brittle fracture mechan-
isms generate large amounts of detéctable emission giving correla-
tion between the assessed value (suitable assessment technique)
and the crack area. (ii) Ductile fracture mechanism can give
little or no detectable emission by comparison with case {(i).
(iii) BEmission detected in association with deformation varies
congiderably but is usually sparge Or Very sparse irr relation to
case (i), especially where dislocation as opposed to shear defor-
mation mechenisms are involved. (iv) Shear transformation tends
to give copious emission (another indication of the amount of
emission which should be detected), while the situation with
diffusion controlled transformation is i1l defined.

Thus (Pig.2)}, it is mainly events which are generally classi-
fied as fast or brittle which tend to generate detectable emission
in large quantities. It is in these circumstences that a viable
correlation between the agsessed value and the magnitude of the
events has been shown. With events normally claggified as ductile
or slow, however, the amounts of emission detected are mainly
small or non-existent compared with those classified as brittle.
Here, therefore, there is considerable ceuse for concern. Clearly
in many cases (e.g. with a specimen being uniformly deformed),
only & small proportion of the source events are generating detect
able emissions. The important unknowns are why these few sources
in one.specimen do and others do not generate detectable emissions
and to what extent the proportion of sources which do generate de-
tectable emissions is constant.

EMISSION ASSESSMENT.

. Where emission has been detected in sufficient quentities %o
give confidence in these techniques, it has been possible to de-
fine assessment requirements amd to produce equipment which meets
those requirements as defined to_date (7,9). where too little
emission is detected, it is highly dangerous to rely on assegs-
ment, since the probable outcomes are either unnecessary deforma-
tion of the technique or, a cgtastrophic failure of a structure.

Although use can be made of gualitative assessment, stress
wave emission monitoring should normally only be considered when
adequate quantitative interpretation (e.g. on basis, crack area =
constant X assessed value of emission detected) can successfully
be made. The major factors associsted with quantitative assess-
ment are {i) The basic assessment technique, {ii) The dymamic
range of the system and {(1iil) The capability for coping with vari-
ocus amplitude distributions etec.

Various sssessment techmiques are used notably ring counting,
even countin and.ZA2 or energy assessment {1,2,3,7.8,9). of
these only %ﬁ or energy assessment has withstood theoretical
serutiny and the tests of practical experience. The others can-
not cope with either the dynamic range or the variation in ampli-
tude distributions encountered in practical applications (7). For
some if not all event types, e.g. stress corrosion cracking in a
given material, emission energy is likely to be a direet function
of the magnitude or significance of the source. A practical
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approach to measuring emisgion energzy, which is applicable to the
full dynamic range is to sum the squares of the peak emission amp-
litudes. The dynamic range of emission significance {for amplitude
squared values) mist extend from that for the largest single crack
jump down to well belew that for the gmallest individual crack
jump. Thus with crad: jumpe extendirig say from 10%mn® dowm to
10"’me® a dynamic range of 10° is obtained. This range must be
extended downwards by perhaps 2 or 3 orders of magnitude to cater
for finer evenis and widenmed to cover variation, with material or
event type, im the coefficient relating the sum of squares of the
amolitudes to the source magnitude. Thus a 10 z(or perhaps great-
er) range of egission energies needs to be covered, which is equi-
valent to = 10° range of emission amplitudes. 3Sxperience has
shown (7) that although with controlled laboratory experiments
amplitude distributions can be gaussian and reproducible, in prac-
tice any distribution can be expected and equipment must function
satisfactorily irrespective of the amplitude digtribution encoun-
tered. The Welding Institute have developed eaquipment to meet
these needs as they have been defined (7 & g). Detection and am-
plification systems have heen besed on the developments of the AML
team. The simplest system has a single A2 readout and this is
suitable for routine work once a monitoring approach has been es-
tablished. At the present stage of development of the technigues
however, this equipment is too simple for research purposes and
therefore a combined amplitude sorter (counting the emissions
within each amplitude range) and two chammel A2 readout system
has been produced. This system has proved satisfactory
when background mechanical noise levels have been high, as well
as for quiet tests. with extremes of both sensitivity and dynamic
range to cope with, calibration of stress wave *emission monitoring
systems is imporiant but until recently has been gquite difficult.
Redprocity {stimulating one transducer with another face to face)
and spark bar technigues (the production of a shock wave inm a bar
by discharging a spark onte it) are amongst the more common tech-—
niques which have been used for transducer: calibration {15) but
these are far from satisfactory and the calibration units 'dB
referred %o 1V per microbar' are not convenient to use. Now,
however, the Harwell team have developed a direct amplitude cali-
bration system using laser interferometry {14) =nd a gas jet
system has been developed in Canada {16) for more routine and
spectral calibratiom.
DISCUSSION

It is now becoming apparent that events generating emission
can be divided into two groups. The first covers mainly events
normally classified as brittle or rapid which generate coplous
detectable emissions. The second covers mainly events normally
classified as ductile or slow, where the amount of emission detec—
ted varies, btat is usuzlly sufficiently low to cause concermn.
This means that rapid progress towards industrial apnlication
should be possible with the former but much more work is required
hefore applicatiom to the latter can be considered as a viable
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propesition. Definition of which sources belong to which group ia
more diffienlt than might be expected. This is because what may
appear to be essentially eimilar events are in fact sufficiently
different for them to act as sources of different types. For ex-
ample, stresa corrosion cracking has different modes which can
give different source types, while hydrogen eracking as a result
of artificially stressing specimens gives sources of one type
(satisfactory}, but in naturally stressed weldmemts gives the
other. Additionally, the variability in the amount of emission
detected from wnsatisfactory sources can cause difficulty with
definition of to which group a source belongs, if in imitial
atudies coplous emission isg detected.

With satisfactory cources it ought to be pomsible to establish
quite readily the viability of detection and aggesgment procedures
since emission from such sources can be readily assessed using
suitable equimment (1,2,3,7,5,9). Although such equipment has to
meet exacting recuirements i?i it c¢an now be produced. Once pro-
cedures have been established industrial applicatiom should quick-
ly follow. Unfortunately with metals these areas where early app-
lication might be expected are somewhat restricted but would in-
clude some forms of stress corrosion cracking, lamellar tearing
(provided that crack extension occurred rather than the opening of
pre-existing lamellar separations) proof lead menitoring of dis-
similar metal joints to detect the presence of particular. types o
defects. Additionally, menitoring for the occurrence of particu-
lar aneillary noiges, e.g. stick/break noise frem fatigue cracks
appears to be a usable approach. These suggested early applica-
tion areas have naturally been subjected to gqualification but it
must be remembered that any WD? technique should only be used
where appropriate, none are universally epplicable. With non-
metals e.g. reinforced plastics and metal /non-metal joints, how-
ever, the scope for early applications should be much wider.

S5ome of the 'unsatisfBctory'group of emission sources are most
important and included amongst these are those relevant fo areas
where the anplication of stress wave emission monitoring is most
needed, i.e. oil rigs, nuclear power plants etc. where materiels,
selection and design are aimed at avoiding brittle forms of fail-
ure in the event of overload or mishan. At present the wvalue of
assesging emission, which is detec¢ted in inadequate gquantities,
is doubtful although it is commonly attempted in practice. The
danger is that the proportion of emission detected to that actual-
1y renerated may change without the operators knowledge. {(especia-
1ly when changing from laboratory tests to practical applicatiors)
and a false interpretation of the situation may be made. The
options with regard to imgroving the situation in relation to un-
3atisfactory sources are to increase detection capability or, if
this is impossible, to establish the extent to which the emission
actually detected can be validly assessed. Effort should be di-
rected towards improving detection: capability, since it is a more
popitive approach and the alternmative would be very difficult and
expensive in view of the need to ensure that the amounts of emis-
gion currently detected were both consistent and representative
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of a given situation (if they were not, catastrophic failures
could result from misinterpretation).

Both detection and emission asgessment are important in relat-
ion to source 1o§ation. Although at least two laboraetories are
now eXamining A® weighting, normal practice is to weight emission
sources according to the number of events detected from each, In
view of the dynamic range of significance of individual emissions,
this appreoach is considered untenable. The approach of weighting
on the basis ¢f only the number of emissions, is being followed
because emission assessment and source location have been divorced
aspects of stress wave emission monitoring. It is now time that
gource location techniques were combined with ratiomal weighting
of the located sources a3 a matter of course. TLocation is however
often applied to structures where failure is expected by ductile
or slow deformatiom and rupture mechanisms (where assessment is
most difficult), because of the need for monitoring on many such
gtractures. The use of location for such application needs to he
reconsidered most carefully until the 'unsatisfactory source' sit-
uation is resclved, in view of the possibilities of misinterpreta-
tion.

CONCLUSIONS

1. The sources of stress waves can be considered in two groups
(a) .those giving copious detectable emission which can be readily
assessed in & guantitative manmer with suitable equipment and

(b) those giving too little detectable emission such that the
value of attempting to assess it is questionable.

2. Group {a) comprises mainly events normally considered as brit-
tle or rapid, while group (b) comprises mainly events normally
considered as slow or ductile.

3. The paucity of detectable emission with slow or ductile events
may be a major set~back since many of the major potential applica-
tions involve structures designed to fail im a ductile rather than
a2 brittle manner.

4. Improvements in the detection capability with regard to emis-
sion from slow/ductile events is the annromch requiring most
effort.

5. As far as possible location systems should only be used when
they weight the located sources in 2 rational manner.
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