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SUMMARY 
Acoustic eaissions are defined as transient elastic waves that are generated by the rapid 

release of energy within a material as a result of the application of external energy sources. 
Coaaon aechanisas for the generation of acoustic eaission activity include plastic deforaation, 
crack initiation, and crack propagation. In one sense, acoustic eaission techniques for non
destructive testing (NDT) and evaluation are different from those usually associated with the 
field. The basis for aost conventional NDT aethods is interpretation of the interaction cf a 
defect ox- discontinuity with soae sort of energy (x-rays, ultrasonics, theiaal energy, aicro-
waves). In acoustic eaission, the defect or discontinuity itself provides a source of energy, 
the release of which generates the acoustic eaission. In this sense, the defect plays an 
active role in preference to the passive role it usually plays during the evaluation by con
ventional NDT aethods. 

A review is given of the application of eaission analysis to evaluate aaterials properties 
and defect structure. Eaphasis is placed on a discussion of eaission techniques as applied 
to the evaluation of structural integrity of aaterials, components, and st.vuctures. The 
characteristics of acoustic eaission aethods as a unique NDT technique are presented. Examples 
of the current status of the application of acoustic eaission for NDT are reported and future 
applications and developments are discussed. 
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INTRODUCTION 
Tha field of acoustic emission has grown tremendously in tha past decade as evidenced 

by tha many now areas of application, tha increasing auaber of workers, and the expanding 
literature on acoustic eaission. In a report' * that recoaswnded standard use of acoustic 
technology, the Acoustic Emission Working Group defined acoustic emission as transient elastic 
waves that are generated by the rapid release of energy within a notarial. Although acoustic 
eaission is the recwinded t e n for general use, alternate terns in the literature include 
stress wave emission, nicroseisa, and various prefix modifiers of emission or of acoustic 
emission. In general, the use of acoustic emissions as parameters to characterize the use, 
or abuse, of a material subjected to load has been largely neglected by the scientific and 
engineering communities. This situation has geneially been reversed during the last decade, 
with the use of improved electronic instruments and transducers sensiti/e enough to detect 
dislocation motion in metals. 

Regardless of the phenomena under study, the material used, or the application, one point 
becomes obvious: acoustic emission analysis is very sensitive to local transient instabilities. 
A material system will proceed toward its lowest energy state and will develop unstable con
ditions locally well before the whole mass becomes unstable. These conditions result in 
local dynamic movements, such as the initiation of a crack or propagation of a crack, slip or 
plastic **'. motion, sudden orientation of grait boundary, bubble formation during boiling, or 
earth c •: «ts during an earthquake. For exarple, the stresses in a metallic system nay be 
well ben. She elastic design limit, and yet the region near a flaw or crack tip may undergo 
plastic deformation from local high stresses (stress intensity). In this situation, the 
flaw is the generator or source of acoustic eaission activity. 

Many reviews of acoustic eaission technology have been published, and the reader is 
referred to these for a more detailed understanding of the various activities or aspects of 
acoustic eaission technology. ( l , 2 , S , 4 ) The proceedings of the ASTN symposium on acoustic 
emission^ cover a wide range of topics, froa general reviews of the field to specific 
reports on research findings, technology advances, and application in different industries. 
The collective references, cited in the paper, include most of tha published material on 
acoustic amission technology. 

In addition to reviews of a general nature, several excellent discussions of acoustic 
emission techniques related to nondestructive testing and evaluation are available. ' ' 

hoik performed under the auspices of the U.S. Atomic energy Coasdission. 
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These papers tend to generalize on the unique characteristics of acoustic emission as they 
bear on the applicability to nondestructive testing and evaluations of structural integrity. 

The purpose of the present paper is to report on the status of acoustic emission as 
applied to nondestructive testing. Included will be a discussion of the unique characteristics 
of acoustic eaission techniques, discussions of their introduction into laboratory or produc
tion facilities, and a review of typical applications. 

NONDESTRUCTIVE TESTING 
Host studies of acoustic emission have been associated with the plasticity and fracture 

of materials, mostly metals. Much time and effort have been expended in the last few years 
in attempting to assure the safe operation of high-strength, high-performance components, and 
therefore, meticulous searches for flaws have been conducted on these components. Once flaws 
are located, more time is usually expended in determining the size and shape of a flaw, 
followed by stress analysis to determine the stress intensity. With this information, the 
results are compared with a critical-stress-intensity factor for the material, derived from 
specialized specimen testing, to reach a decision as to whether or not the component can be 
safely used. 

In recent years, much effort has also been expended in developing 100% NOT inspection 
procedures. Whole industries have evolved to meet the demands of scanning 100% of the surface 
of test parts with the narrow energy beams required to locate small flaws. Although various 
combined efforts have mat with considerable success, testing of this type is very expensive, 
and few consumer products can be inspected with this degree of thoroughness. 

The basis for the most conventional NOT methods is the interpretation of the interaction 
of a defect or discontinuity with some sort of energy, such as x-rays, ultrasonics, thermal 
energy, microwaves, etc. In acoustic emission, the situation is a little different. The 
defect or discontinuity itself is a source of energy, the release of which generates the 
acoustic amission. In this sense, the defect p»«ys a v»-y active role in preference to the 
passive role it usually plays during evaluation by conventional NOT methods. But in another 
sense, acoustic emission techniques are very much like conventional NOT techniques in that 
energy is used to interrogate a material's integrity, the energy in this case being a stress 
field. Here the energy or stress field interacts with the defect itself; hence, the defect 
acts as an emitter of information about itself, assessing its own part in the assessment 
of the structural integrity of the material or component. 

It seems reasonable that acoustic emission can quite readily be used in production-line 
situations, where 100% inspection is desirable. If a part is stressed to a suitable level 
and tanitored by acoustic eaission techniques, a critical defect would play an active role by 
being a source of acoustic emission that would attest to the structural integrity or lack of 
integrity of the part. The results of such tests nay not be definitive in terms of flaw size 
and location; however, such tests could readily be incorporated into a production line with 
an entirely different goal in nind. The goal would be to determine whether the part is the 
same .as or different from • part that has been judged acceptable by other procedures and 
techniques. The acoustic emission signature or activity of each part, when properly recorded, 
is unique to that part. Deviations from the normal signature could be used to reject a part 
or to assign it to a sore detailed study by conventional NOT methods. 
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ACOUSTIC EMISSION - A UNIQUE TECHNIQUE 
A wide variety of micromechanical events are known to serve, or are suspected of 

serving, as acoustic emission sources. A partial list includes crack initiation and propaga
tion, plasticity in general, mechanical twinning, break away fro* dislocation pile tips, 
grain-boundary cracking, slipline formation, Luder's band formation, and vacancy migration. 
It is doubtful if a single dislocation can be detected, with the possible exception of those 
aoving at very high velocities that are subsequently stopped abruptly. 

The events described are all abrupt, discontinuous events. It is reasonable to expect 
high-frequency, transient acoustic events to accompany each of them. One may argue from first 
principles that an acoustic event is detectable with properly designed equipment. By fixing 
the size and shape of the test specimen and by carefully choosing a transducer and instru
mentation system, some information concerning the single source might be inferred from 
amplitude and frequency analysis of the detected event. However, the fact of detectability 
and the fact that acoustic emission occurrences can be correlated with one or more macroscopic 
engineering parameter lead to immediate practical results. 

The sources of acoustic emission are thus intimately associated with the micro- and 
macrostructural integrity of the test material or test component. Acoustic emission techniques 
can produce an immediate record of the progression of the part toward failure. The energy 
that is monitored in the acoustic emission test is generated internally in the test material; 
that is a unique feature of acoustic emission monitoring. 
Signal Description 

The transient nature of the acoustic emission signal, and its wide dynamic range in both 
amplitude and frequency domain, make a precise description difficult. The frequency content 
of the acoustic emission pulse depends on the time duration of the pulse and its shape. For 
most of the events of interest, pulses of reasonable amplitude can be expected up through the 
megahertz range, while frequencies down to 0 Hz are necessary to describe a pulse as a 
combination of frequencies. Practically, that portion of a signal containing frequencies 
above SO kHz and below 10 MHz is normally detected. The lower frequency limit is high enough 
to exclude most of the ordinary mechanical vibrations encountered in testing, while the upper 
limit is within practical limits of piezoelectric detector design. It is generally recognized 
that the specimen itself acts as an uncontrollable mechanical filter in the instrumentation 
chain; thus, high fidelity signal reception cannot be realized except in a few very special 
cases. 
Instrumentation 

A typical acoustic emission detection recording system is shown in Figure 1. The most 
popular transducer for acoustic emission experiments is a piezoelectric ceramic element. 
Perhaps the most used of these elements is a variety of lead-zirconate-titanate (PZT-S). The 
output of this transducer is (amplified with a low-noise input preamplifier that has a gain of 
1000 and a low-impedance output capable of driving a long cable. The preamplifier output is 
fed through a band-pass filter with sharp cutoff characteristics. The output of the filter is 
fed through a main amplifier that has a variable gain (maximum of 1000) and an output stage 
' able of driving the equipment shown on the right-hand side of the figure. The audio and 
v.*ual monitors are optional, but they have proven quite useful in both the setup and opera
tion of tests. The recording rms meter and recording logarithmic tachometer are alternatives 
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to the electronic counter system for producing a record related to acoustic emission rate of 
occurrence.* ' 

Mhile Figure 1 demonstrates the use of one transducer, multiple transducers can be used 
for triangulation techniques in locating a particular source of acoustic emission. Several 
excellent articles have been published describing sophisticated applications of multiple-
transducer methods.< 1 2 _ 1 S) 

INTRODUCTION INTO THE LABORATORY AND PRODUCTION 
Before acoustic emission is introduced into the laboratory, and before it takes its place 

as one of the standard tools of nondestructive testing in the laboratory and in production, 
the basic goals of the acoustic emission test should be examined. In particular, it should be 
decided whether the basic goal of the test is to determine the structural integrity of an 
individual part or to determine whether the part is acceptable or unacceptable. If the latter 
is the case, acceptable parts can continue on down the production line with no further testing 
expense. Additional testing might be required for unacceptable parts. 

As with most conventional nondestructive testing techniques, the multidisciplinary and 
interdisciplinary aspects of acoustic emission techniques are exceedingly important. In some 
organisations, materials testing, component testing, and nondestructive testing are carried 
out in different laboratories under separate divisions, resulting in a serious blockage to 
the full realisation of acoustic emission in nondestructive testing. One could certainly 
find organisations where the three groups mentioned above rarely interact. The multidiscipli-
nary mature of acoustic emission testing is important to its successful application. 
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REVIEW OF TYPICAL APPLICATIONS 
Most applications of acoustic emission technology have been directed toward studies of 

crack initiation and propagation and various plasticity phenomena. For example, the possibility 
of determining stress intensity by acoustic emission monitoring has been demonstrated. " 
The correlation between acoustic emission and stress intensity factor is clear. The applica
tion of acoustic emission could lead to great economies in testing high-performance components. 
An added advantage is that a serious flaw cannot be missed, since it would be a principle 
contributor to an acoustic emission monitor record. 

A typical application of acoustic emission is its use in the assessment of the integrity 
of pressure vessels. This is a natural application of acoustic emission, since the loading 
mechanism, pressure, is quiet and does not interfere with the acoustic emission test pro
cedure. Naite and Parry, ' conclude that the analysis capabilities of acoustic emission 
•onitoring, from the detection of miniscule voids to the location and identification of 
significant flaw growth, give the emission method a unique capability in the present spectrum 
of nondestructive testing techniques. They have incorporated the technique into a hydrostatic 
acceptance test of large pressure vessels and have shown that their system is capable of 
detecting and locating acoustic emission sights (flaws) as small as 0.1 in. at acoustic signal 
transmission distances up to to ft from the emission sight to the detecter. 

fl41 Cross, ' applied acoustic emission for insuring safe hydrostatic tests of pressure 
vessels. He concluded that tests of heavy-walled pressure vessels have proven effective in 
locating wall discontinuities and other flaws in the structure, and that the application of 
acoustic emission techniques during hydrostatic tests appeared to have the capability of 
locating critical flaws that could propagate under stress and result in catastrophic failure. 
The technique has also been applied for in-service monitoring of reactor pressure vessels. 
Vetrano and Jolly 1 report that it is feasible to detect and locate growing subcritical flaws 
in operating reactor pressure vessels, and they suggest that the success of continuous, on-line 
monitoring of central-station nuclear reactor plants could be a reality. Hatano, et al., ( 

have reported the successful application of acoustic emission monitoring for rocket chamber 
components. 

The utilization of acoustic emission for detection of propagating flaws in simple and 
complex aircraft structures' ' has been successfully demonstrated. Determination of the 
decree of flaw criticality by the projection of service lifetimes can only be obtained as a 
result of programmatic effort towards these objectives/ ' Ounegan, Harris, and Tetelman1 

have reported that acoustic emission tests performed on cracked fracture-toughness specimens 
have confirmed that acoustic emission associated with the plastic zone at the cracked tip is 
very nearly irreversible for stress intensities at the cracked tip of less than one-half the 
critical stress intensity value required to cause unstable fracture. It is shown that this 
irreversible feature can be utilized in practical NOT testing on a structure undergoing crack 
growth due to cyclic or fatigue loading or other environmental effects. This certainty is 
based on periodic acoustic emission monitoring of a structure as it is loaded back to its 
proof stress. They conclude that the use of acoustic emission in periodic proof tests provides 
• vary useful and versatile test for the detection of subcritical flaw growth in actual 
structures. It is anticipated that this technique will be applicable, and thus quantative in
formation on the extent of crack growth can be obtained and the actual life of a structure can 
be predicted. 
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f211 Hartbower, et al., v ' report the development of a nondestructive testing technique to 
determine flaw criticality. They report that tho acoustic emission technique was shown to be 
a highly sensitive nondestructive testing method, capable of detecting growing defects at least 
an order of magnitude smaller than any known NDT method and capable of locating one or more 
defects in real time. They used emission methods for in-service, continuous NDT evaluations. 
Mien the defect approaches critical crack size, the acoustic emission count rate increases 
markedly, providing a precursor of instability and failure. 

Acoustic emission techniques have been used in the monitoring of crack growth in 
f 221 

ceramic materials. Romrell and Bunnellv ' have reported that acoustic emission techniques 
have shown that acoustic emission waves are readily detected both during the early stages of 
crack growth and during catastrophic failure, and are correlated with crack growth resulting 
from thermal shock. They concluded that their studies showed acoustic emission techniques to 
be very useful for studying the effects of thermal shock in ceran.ic materials. f231 Jolly1 ' applied acoustic emission to in-process inspection of welds. Experimental 
results showed that cracks and porosity in welds under study emitted acoustic emission signals 
during and after joint fusion; some weld defects that had not been detected by radiography 
were detected by specially designed transducers that are sensitive to acoustic emission 
signals froa the weld defects — this was later verified by metallographic sectioning. It was 
also reported that the acoustic emission rate from weld defects is a function of weld defect 
temperature, and there is a relationship between the acoustic emission count and the diameter 
of the resistance welds. The quality of submerged arc welds was shown to be related to the 
changes in the acouscic emission rate recorded during welding. Jolly concluded that the 
studies showed that favorable results can be obtained on three different types of welds (gas-
tungsten-arc, resistance, and submerged arc), indicating that acoustic emission can be 
successfully applied to nondestructive weld inspection and that defects can be detected as 
they occur without interfering with the welding equipment. These results suggest that 
acoustic emission Monitoring could be used both on the production line and in developing new 
welding procedures. Another promising application is in the training of welders; the almost 
immediate detection of a defective weld should be of great help in developing one's welding 
skills. If used for on-line quality control, acoustic emission monitoring should also 
complement established inspection methods in many welding applications. 

Romrell' ' monitored closure welds of reactor fuel pins. He reported a good correla
tion between destructive metallurgical evaluations of welds and acoustic emission activity. 
Day-to-day repeatability has been obtained by the development of calibration procedures. 
Romrell concludes that acoustic emission monitoring of the fuel pin welds provides a highly 
sensitive method for detecting microcrack formation and provides NDT data unobtainable with 
other test methods. 

An NDT investigation of the behavior of acoustic emission from brazed metal-to-ceramic 
bonds was reported by Gieske.' ' The bond under investigation was made by brazing the metal 
electrodes of a voltage insulator tube onto the ends of a ceramic cylinder. Nondestructive 
testing to evaluate the bond between the metal and ceramic was sought in order to detect 
poor bonds. The behavior of acoustic emission from the bond as it is put under stress was used 
as a nondestructive technique for this purpose. A significant difference was found in the 
acoustic emission behavior of different bonds. Both large-amplitude and small-amplitude 
bursts were exhibited. Larger bursts were characteristic of a large area of failure, while 
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smaller bursts represented minor failures that caused no significant overall bond weakening. 
Some snail bonds exhibited small acoustic emission bursts until catastrophic bond failure 
occurred. In most cases, such bonds also have the highest ultimate strength. The test per
formed showed that a safe proof load can be determined. Up to that point, the number of 
acoustic emissions were found to be a measure of the microfracturing of the bond: a noisy 
bond has weak bonding areas, and a quiet bond is relatively strong. 

Composite materials, which combine at least two chemically distinct materials into a 
three-dimensional array so that a distinct interface separates the components, are found to 
obtain properties thut would not be achieved by any other components acting alone. Large 
anisotropies of properties generally exist in the various combinations of components. Because 
of the nature of the composite materials, the modes and criteria for deformation and fracture 
processes are vory complex. It was reported1 ' that acoustic emission techniques are ve?y 
useful in assessing structural integrity of filament-wound pressure vessels (fiberglass/epoxy). 
Acoustic emission techniques were sensitive to epoxy crazing, fiber breakage, and debonding 
of the fiber and the matrix material. 

Additional examples of the application of acoustic emission to the assessment of 
structural integrity can be found in References (1,27-30). 

DISCUSSION 
Acoustic emission techniques have been developed to the point where they may be directly 

applied to laboratory and production testing and evaluation. Because it appears feasible to 
design acoustic emission tests in a production system economically, acoustic emission 
promises to make possible 100% NOT inspection of products or critical components where such 
thorough inspection has been too costly in the past. It promises to be especially useful in 
sorting "good" parts from "bad". 

Care must be exercised in choosing the best NOT system; acoustic emission has been 
found to be superior in some applications and inferior in others. Acoustic emission has 
joined the other NOT methods as one of the many alternative:, from which the nondestructive 
testing engineer must make a selection for a specific application. 
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