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1. This revised standardization handbook was developed by the Department of
Defense with the assistance of the US Army Materials Technology Laboratory in
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Departments and Agencies of the Department of Defense.
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completeness and currency. Users of this document are encouraged to report
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US Army Materials Technology Laboratory, ATIN: SLCMT-MEE, Arsenal Street,
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MIL-HDBK-731 - Nondestructive Testing Methods of Composite Materials -
Thermography

MIL-HDBK-732 - Nondestructive Testing Methods of Composite Materials -
Acoustic Emission

MIL-HDBK-733 - Nondestructive Testing Methods of Composite Materials -
Radiography

MIL-HDBK-787 - Nondestructive Testing Methods of Composite Materials -
Ultrasonics

2. Each handbook will be coordinated separately as the amount of materials to
review at one time is large. After acceptance of the individual handbooks,
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they should prove useful for general composites testing, with different
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3. It is intended that this handbook serve as a reference in which answers
may be found to the more general questions concerning the technical aspects
and applications of Acoustic Emission.
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1. INTRODUCTION

1.1 General. Technical principles will be discussed which must be
followed in order to ingure that a technically sound Acoustic Emission (AE)
test is performed on a composite sample. It is relatively simple to attach an

AE sensor to a composite and then load the sample. It is a much more
complicated process to carry out an AE test that conforms to the known physics
relating to AE testing. This handbook will assume that the reader is planning

on doing 'production testing" of composites with AE monitoring (“production
testing’ in the sense that at least several identical samples will be

tested). The organization of this handbock will be toc treat first each of the
phycical entities involved in an AE composite test; then aspects such as AE
data and its analysis will be treated.

[
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2. BASIC SOURCE OF AE

2.1 General Expression of a Stress Wave. An AE event is a complicated
tress wave that is generated at a loc tion in a structure by a rapid change
n the local stress state. This can b ressed by the following

1
) ac, = £(X ok,
1 U ~ J

He 0
®

where A0j; is the change in each of the independent stress components

necessary to describe the stress state at that point in the structure, X is a
vector describing the location at which the rapid change in stress stafe

occurs, At is the time interval over which the stress change occurs, and AV
4a +tha vnlima (Ar area Ffar portadn AR ansirenc) Af tha atriintiire whi~h
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experiences the stress change. A typical example might be a microscopic
failure of a fiber in a composite structure. 1In this case the stored energy

that is rapidly released supplies (among other things) the energy contained in
the resulting stress wave or AE.

2.1.1 Simpiification of Modei. 1In reality the model we have adopted is
simplified; the AE event is actually generated by the change in Crij as a
function of both time and spacial coordinates in the region defined by
A V. But since this more complicated model adds nothing to our development
here, we will use the simplified model.

2.1.2 M it i¢c Event Gen The factors shown in
expression (1) can prov de some insight into the agnitude of the AE event
Fhat 2o Ancmaseabadd TAas nwamela Fhaoa AL Asrmen + 20211 hhma 1 aenn o £ o -~ am o wa
tiatlt 15 gruciraitcu. UL Taadllplic, LIIC AL TvelllL wWilll vcg L&LgCL 10O Ldlgel
A .21 for shorter At's. and for larcer A V'g Convergelv. the AF eavent
u.v lJ s’ -\ A PR A A e ™ ~ 3 LRhiraa - ¥ et - Ao v -~ \JUII'\—LU\;J—J £ ] - AAN AAara A A
will be smaller for smaller AO‘-jvs, for longer At's, and for smaller
L Vs,

Certain dynamic processes can also generate AE events; for example,
sliding friction between two surfaces moving relative to each other. By
including "surface’ tractions in the Adj: of expression (1), these dynamic
processes can also be included in the general simplified formulation.

2.1.3 Acoustic Emission Event as a Complex Propagating Stress Wave. It
is important to emphasize that the AE event at the level at which we can
currently measure it (or observe it) is a complex propagating stress wave that
will follow the physical laws governing stress waves. Hence, the exact theory
of wave propagat1on is i able for all but very simple structures (for

axxampl e half space or plate or layer on a half spac
-~y e i
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element analysis. e important to keep these ideas in mind as we
discuss AE testing of practical composites, which are normally of complex and
finite geometry, as well as anisotropic.
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3. COMPOSITE TEST SPECIMENS OR STRUCTURES

3.1 A ic Emission Testin mparison Technique. Due to the
complexity of stress wave propagation in composites as well as other factors
(such as the currently unknown AE source events and the usual commercial AE
sensors that respond to surface displacements and velocities in a complex
frequency dependent fashion), it is not generally possible at present to make
measurements of a real AE event and then calculate the source function
(represented by expression 1). However, using special commercial high
fidelity transducers based on the design of the "NBS conical transducer" [1]
and the special case of AE source and receiver on opposite surfaces of a
plate, the source function can be measured [2]. Hence, AE as a nondestructive
evaluation technique for composites is, at this time, primarily a comparison
technique. This fact means that, to be useful, baseline AE data must be
gathered from a series of 'identical" samples. Then techniques can be
established to identify various deviations from the “identical’ samples. It
is necessary to establish what is meant by the term "identical samples."

3.1.1 Controlling Factors for Comparison. The following factors must be
controlled for samples to be identical. First, the relevant stress wave
propagation characteristics must be the same. This requirement means that the
sample geometry must be the same, the sample material (mechanical properties
e.g., modulus and density) must be the same, and the stress wave observation
points and techniques must be the same (i.e., sensors and sensor locations).
Second, the stress field throughout the sample must be the same. This fact
inherently implies that the sample is loaded or stressed in the same way and
that the general flaw structure in the sample shall be the same (i.e., same
sizes and locations or same sizes and uniformly distributed throughout the
structure). Thirdly, the local microscopic AE sources (e.g., microscopic
failure mechanisms) must be the same. This requirement means that typical
microscopic strengths and deformation properties must be the same. Now since
composites can only be reliably described by statistically based analysis
procedures, the sameness that is required here is statistical in nature. It
should be noted that we have taken a relatively restricted point of view about
the definition of the identical samples needed for comparison. There are
currently AE applications for which this level of identity has not been
necessary, but in our opinion it is best to start with the above approach and
then prove, if possible, that a less restrictive definition of identicalness
is sufficient.

3.2 Acoustic Emission for Basic Studies of Composites. In addition to
its application for NDE, AE can be used for basic studies of composite
materials or structures. For these studies, there are some additional
comments which need to be made with respect to test specimens and relevant
requirements. For these types of studies,
sufficient number of identical samples so that the AE that occurs in a
significant manner for each sample can be characterized relative to the AE
that can be considered random for the different samples. The characteristic
AE patterns can then be correlated with deformation and micro-failure
mechanisms that are known to occur at various loads from other inputs (e.g.,
mathematical analysis, microstructural studies, microfailure observations,
etc.).

the firgt requirement ig to test a
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4., TEST INSTALLATION OR TEST FIXTURING

4.1 Fixturin Interf haracteristics. Since the composite test
specimen must be supportea in some way and is normally externaily loaded, the
Fant Flwtiinmian hannmoan a lbbaw mawmdk A Fho $acd cwrem b oo b \ PR, I, -t A1l €
LTDOUL 1LiAlLul 1L DTLUUNITD a RTy PdLL UL Liue LebdL Dybl—cllo INU L lld.l.l.y, LI tasK OlL
ageurineg that the load ig annlied in the came wav ig not difficult A mAra
assuring that the load ig applied in the game way is not difficult, A more
subtle but probably just as important factor concerns the interaction of the
test flxture and the test specimen from the point of view of wave propagation

characteristics. The stress waves generated by an AE event will propagate
throughout the test specimen as well as the test support and loading fixturing.
The two maJor variables wh1ch are of 1mportance here are f1rst, the wave

y b
ween the composite specimens an
f energy which reacheg the AE ¢

a given AE event w111 deoend on how much of the original energy goes t and i
dissipated in other parts of the test fixture. A 31gn1f1cant variable in thi
partition of energy from test to test can be the condition of interfaces,
particularly between the specimen and the test fixture, and to a lesser degree
between the various parts of the test fixture.

the AE sensor. Thus comparing t
difficult.
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o Similarly, during proof testing of composite tanks by filling them with
liquid, the potential wave propagation paths change depending on the liquid
level. Hence, AE energy from a particular AE event reaching an AE sensor will
vary depending on the liquid ievei.

L 92 Effect of Size or UYslume of Comngsgi

signal propagation losses in composite, and in composite-fixture interfaces.
The relative significance of fixture changes will depend on the size or volume
of the composite article under test. In general, effects will be much more
significant for small articles, but even in a large composite structure
effects of changes in the near vicinity of AE source locations could be

significant. Again, we have taken a view that may be more restrlct1ve
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4.3 Use of Artificial AE Sources. Artificial AE sources (e.g., pencil

lead breaks) can be used to determine the potential significance of
unavoidable fixture changes. Care should be exercised since the source events
(expression 1) in a composite may be considerably different from those for the

lead break. Potentially different types of artificial sources may need to be
Aavwalanad A Ararevaan~rnd A Fha A3 FFarant cntsesnan 2 Ammmen~ad &ax T+ ~l~a--13 L _
UTVELUPTU LU LULLITOPUIIU LU LIT UlliTICIIL dsUULLTD 1l LUHIPUS1LILED . 4L SdlLIYULU e
noted that the lead break could also be used to check effects of some changes
in specimens. But again, similar precautions must be applied. since at this




Downloaded from http://www.everyspec.com
MIL-HDBK-732A

point we do not know how closely the lead-break source event corresponds to
the different real AE events which can occur in composites.

4.4 Qther Factors. Even identical test and support fixturing may not
result in the same wave propagation characteristics each time a new test

specimen is mounted in the fixturing. Lack of cleanliness or changes in the
test specimen installation procedure can result in significantly different
wave propagation characteristics of the specimen/fixture assembly. Again,
this aspect can be checked for significance by use of a pencil lead break

n

(this technique is discussed in Section 19.2).
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5. COUPLANTS AND WAVEGUIDES

i.e.; the face of the AE sensor in

contact with the test structure). There are several desired properties which
guide the selection of the couplant material. First, it must provide good
acoustic coupling over the desired frequency range. Second, the couplant
should be compatible (from a chemical point of view) with both the composite

and the AE sensor. Third, the couplant material should be easy to remove from
both the composite and the AE sensor without damaging either Fourth, the
couplant should have a consistent viscosity from batch to batch, or if the

[ )

nl c

pl c
couplant is an adhesive it should have consistent moduli. Fifth, the couplant
or adhesive should maintain a consistent viscosity or modulus over the time
period it is used and at the temperatures used.
5.2 Application of Couplant To AE Transducers. In the past, too little

attention has been paid to the application of couplant to AE transducers.

There hasgs been little or no control of the amount of counlant

LRaS AU LRIV a il Quuv i Ups L Card

of voids in the couplant. The philosophy has often been to use a lot
couplant in a rather sloppy fashion. Unfortunately, this is the only way to
do it when it is not feasible (for economic or time reasons) to use special
fixturing such that a small, precise amount of couplant can be effectively
used (more on this in Section 6.).

11 ]
>
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1 LA - § o —as s
it has been found that there are several improvements that can make the
coupling more uniform for repeated application to test parts. These concepts
have come as a result of capturing the AE event output with a transient
recorder for lead breaks made with a precise mechanical lead breaker. By
varying different parameters, the following practices or techniques have been
found to lead to the most repeatable coupling practices. First, use a small
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diameter sensor. Second, use a large hypodermic needle to apply a uniform
volume of couplant to the center of the transducer face. Third, do not hand

spread the couplant, but allow it to be spread when the transducer is brouzht
against the test specimen by a fixed coupling force. Fourth, do not "ring"

the sensor in or apply any force in the direction which will tend to pull the
sensor away from the test specimen. Development of these techniques requires

2t

with the use of a
O

C
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of their techni . The amount of couplant used should not be such that it
overflows at the edge of the sensor face. The reason for this is that since
the couplant is viscous, excess couplant or couplant spilled on the test
sample will absorb AE energy and thereby potentially reduce the sensitivity of
the AE equipment.

b

~acion

(a4 ﬁ

T
n

O He
® k-

.2.1 a t
t iques (e.g.; filament w may b
smooth as is normally the case with other materials. In such cases, in order
to have relatively uniform coupling from part to part, the best amount of

couplant to use may have to be determined experimentally by applying various
amounts to several parts and determining which amount gives the most uniform

AE event transient signal due to mechanical lead breaks.
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6. SENSORS - TYPE, LOCATION, ATTACHMENT

6.1 Background. Commercial AE sensors have a piezoelectric crystal that
gives a voltage output related to its deformation. At this point in the
development of AE monitoring of composites, there do not seem to be
overwhelming technical reasons that dictate the selection of one AE sensor
type over another design. In spite of the fact that sensor manufacturers
advertise sensor resonances of tens to hundreds of kilohertz, we have found
that these same sensors perform quite well down to a few kilohertz. Hence,
one philosophy has been to purchase the least expensive sensors and to machine
the epoxy face down such that the contact area is reduced to about 1/4 inch in
diameter (to improve coupling consistency and to reduce aperture effects).

Low cost sensors are chosen for samples that are taken to failure. The sensor
may be damaged due to the energy released at macroscopic failure.

6.2 Resonant And Non-Resonant AE Sensors. There are basically two
classes of AE sensors which are commercially available, resonant and
non-resonant. The resonant sensor will normally have more sensitivity, but
often the signals from composites are of high amplitude, so sensitivity is not
a problem. Further, at the lower frequency bandpasses, which seem to be most
useful for composites (see discussion in Section 15.2.2) the signal amplitudes
are even larger. The non-resonant sensor has a flatter frequency response
curve than the resonant sensors, but, to date, this characteristic has not
been fully exploited in routine testing.

6.2.1 Response of AE Sensors. In general, most commercial AE sensors
respond to deformation (stress) waves in a complex fashion which involves
normal deformations and velocities in the test samples. Sometimes, in-plane
matrix elements are also present. For these reasons, it is currently
impossible to calibrate such sensors in an absolute sense with respect to the
way they actually operate in practice. A method is in place for absolutely
calibrating AE sensors for use on metal structures, but the behavior of a
sensor is dependent on the material properties of the structure on which it is
mounted. There is currently no facility for absolutely calibrating sensors
for composites. Since commercial sensors currently cannot be absolutely
calibrated, even sensors of the same design should be treated as unique until
it has been proven otherwise. This means keeping track of sensor serial
numbers.

6.2.2 Choice of Sensors. To return to choice of sensors, a few more
comments can be made. For large composite structures, there may be
significant manpower economies in using sensors which have an integral
pre-amplifier. On the other hand, such sensor-preamplifier combinations
preclude the technique of connecting more than one sensor to the same
preamplifier. This latter technique will result in significantly less
electronic equipment costs to effectively ''cover" a large composite tank, but
it will result in higher manpower costs. In general, use of two sensors into
the same preamplifier will result in a loss of about 6 dB in signal amplitude
for a given event.

6.3 Sensor Locations. There are several factors which enter into the
decision concerning sensor locations. The key information which is required
is the AE signal propagation loss that occurs with distance in the composite
structure as a function of the electronic bandpass. This information can be
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gathered by using pencil-lead breaks right next to the AE sensor (unless it is
possible to always locate sensors some distance from all AE sources) and at
various distances and directions from the sensor. Since composites are in
thpiC and of va “yiﬁg thickr ness, tcie sigﬁ‘l PLUPd&aLLUH losses
ifferent parts of the composite. Hence, the relevant propagation
be generated throughout the structure. Normally, the lowest

c bandpass is chosen which is compatible with signal detection in the
presence of any extraneous noise sources. Once the propagation

characteristics of the selected bandpass have been determined, then it is

o o

necessary to decide how much signal propagation loss is acceptable. Since
peak amplitude is one characteristic that has been used to judge the severity
of the damage mechanism which caused an AE event in a composite, it may be
necessary to limit potential amplitude propagation losses to no more than 6-12

dB. Propagation losses will determine sensor spacing. The area to be
examined will determine the number of sensors required. For large composite
structures, the number of sensors required may be over 100. In many cases,
the number of sensors required can be cut significantly due to prior knowledge
of likely failure regions based on stress analysis and/or test experience. In
such cases, it is only necessary to monitor the regions where failure can

6.4 Propagation Losses. It is important to note that propagation losses
of AE event energy are not sometimes as severe as those with AE peak amplitude
(see Section 15.4). Hence, if event energy measurements are used instead of
peak amplitude, sensor spacings can be greater and still effectively cover the

whAala ~nawrt

wilulcT paltie.

6.5 Attachment Techniques for AE Sensors. The attachment technique for
AE sensors (i.e., the means by which the AE sensor is held in contact with the
composite article) needs a good deal of attention for a number of reasons.
Ideally, the best technique is to hold the sensor by means of some externmal
fixturing which does not come in contact with the composite. The reason for
this is that any attachment fixturing which comes into contact with the
Ccmpne1fo can nhange the AE wave nrnpagntlon characterisgtics and nrnv1dp a
path for AE energy away from the sensors. This could reduce the sen51t1v1ty
at best, and at worst could cause extraneous AE to be generated due to the
strains in the composite during testing (strains for the design stresses in
composites are often greater than those in metal structures). Also, unless
special care is taken in the design and installation of the attachment

L2 ___.2 __ _ QA cmmmr e mmcoam - e =man o aa | S mmemm wemur = oale 2 e PSR 1 oam om me
fixturing, it may not couple the sensor the same way each time, or it may

. . .
result in changes for each installation in the amount of AE event energy which

is transferred away from the specimen into the attachment fixturing. One
recommendation to achieve uniformity is to develop and use sensors with
specific weights with calibrated spring loading, such as between sensor
housing and sensor. In either of these cases, there are problems due to
inconsistencies from sensor to sensor and from test to test.

6.5.1 Ba
t

rincip ttachmen
s easy t effectiv

1dea1 manner. When compromises must be made, the effect of these compromises

should be evaluated by the use of mechanical lead breaks while capturing the

analog AE events on a transient recorder with oscilloscope display. Based on

the changes in AE event amplitude, and event duration, the significance of
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attachment compromises can be evaluated. The basic design principles for
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attachment of AE sensors are: 1) the attachment device should hold the sensor
in contact with the specimen such that the sensor face is parallel to the
tangent plane of the composite at that point; 2) the sensor should be held
against the composite with sufficient force such that gravity does not cause
the sensor "contact' force to be much larger or smaller in certain places on
the composite {(i.e., the sensor contact force should be uniform for aiil
locations); 3) each sensor should be placed at the same position on each
successive composite part; 4) the sensor contact force should be sufficient to
spread the couplant without "ringing in'" the sensor; 5) the attachment
fixturing should allow easy replacement of the couplant (i.e., removal of the
sensor and cleaning the sensor face and composite and reapplying the
couplant); 6) the attachment fixturing should create no significant extraneous
AE during the test and should not constrain normal deformation of the
composite; 7) the attachment device should perturb the AE wave propagation as
iittle as possible and the perturbation which does occur should be the same
for each sensor installation; and 8) the attachment fixturing should be simple
and quick to install.
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7. CABLES
7.1 General. The cable that connects the preamplifier to the AE sensor
40 navmally a4 Anavial AaklaAa MThawra ama thowan acnmantba ~AF 2 A aeel d bl vl sl
140 uUvLniaiiy a Lvaadali LauicTe 4UTLT 4AGlLT LI TT adpTlelLd UL 4Ld applilicatlivll witil
which to be concerned. Firgt, since the cable is not perfectly cghielded, it
can act as an antenna with respect to electro-magnetic radiation. Thus, to
keep this electronic noise low (to improve the signal to noise ratio), the

length of this cable should be kept relatively short (e.g., a few feet) unless
electro-magnetic radiation can be eliminated. Second, the AE sensor is a
generator and looks electr1ca11y if it is a capac1tor. The electrlcal
e Sensor ded betwee e "capacitance' of the
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the AE sensor can vary con81derab y with chanzes in the length
this cable. To overcome this potential difficulty, a standard cable length
often used for all preamplifier cables. Third, the characteristic

mpedance of the cable connecting the sensor to the amplification system is

an important f th its characteristic impedance for
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7.2 (Cable Length. For other cables in the AE system, the primary
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ft or more. Unless a line-driver is used, the losses in a long cable can be
considerable.

7.3 Choice of Cables. Special cables are normally used between the

preamplifier and the main AE electronics unit. The reason for this is that

the commercial AE equipment manufacturers have chosen different ways to power
their preamplifiers. Some use regular coaxial cables while others use a
fonr—conduector nnh1n When ugine AE comnonente from diffeorent manufacturers
-~ A N W AA VA VAN W A N A e N vasssa AL LRiE aArad \avlllr’vllvll\—u & A \SRES A A A A R AMTAZA WAL CAN \-ULDLO’
care must be exercised in the choice of cables for the preamplifier to main
unit connection. Fiber-optic technology may offer potential use here in

special applications.

7.4 Ground Loops. In practice, the primary difficulty with cables is the

introduction or the removal of ground loops due to broken connections which
occur during use. This causes the electronic noise level to ircrease and
thereby reduces the gignal tc¢ noise ratio.
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8. PREAMPLIFIERS

8.1 Primary Function. Preamplifiers provide gain to the analog AE
signals.Their primary function is to increase the signal level of the AE
signals so that they are considerably above the level of the electronic noise
that is induced by the antenna effect of the total length of cable between the
AE sensor and the main electronic unit. Normal commercial AE preamplifiers
come in either 40 dB or 60 dB gain models (Note: dB=20 logjg Ve , where dB
is the gain in decibels, Vin is the input voltage and Vout is t %‘output
voltage). In most cases, commercial AE preamplifiers are powered by DC
voltage coming from the main AE electronic unit. Preamplifiers can also be
purchased as battery powered units. The battery powered preamplifiers reduce
extraneous electronic noise since they are independent of normal commercial
power which can be quite "dirty".

8.2 Performance. There are four main criterjia for the performance of
preamplifiers. First is the gain. Since composites often have relatively
high amplitudes of AE signals compared to metals, often 20 dB or 40 dB is
sufficient (preamplifiers with O dB gain have been used in some cases). The
best solution to the need for variable preamplifier gain is probably to
purchase preamplifiers with a switch that will allow a choice of either 20 or
40 dB. The need for variable preamplifier gain leads to the second main speci-
fication, namely the maximum output voltage of the preamplifier. A typical
figure might be 10 volts peak-to-peak. When the input voltage is large and a
fixed gain of the preamplifier is applied resulting in an output voltage of
greater than 10 volts peak to peak. (1l volt p.p. in some cases) the pre-
amplifier is said to be saturated (or the signal is clipped). This condition
results in a distorted wave form and a loss of the real signal level. Since
it is often difficult to determine if saturation will occur, it is normally
best to be on the safe side, which means using lower preamplifier gain. The
third main concern with the preamplifier is its electronic bandpass say,
100-300 kHz. There are two reasons for this concern: i) low frequencies do
not attenuate as rapidly with distance as do high frequencies; and ii) to
improve low frequency signal detection the high frequency signals must be
filtered out electronically for AE events which orginate near the AE sensor.
It should also be mentioned that the electronic noise out of the preamplifier
depends on the bandpass. The wider the bandpass, the greater the electronic
noise. Hence, when comparing electronic noise specifications of different
preamplifiers, the bandpass must be the same.

8.3 Dynamic Range. The fourth concern with the preamplifier is its
dynamic range. The dynamic range is the range in signal level between the
background electronic noise level and the maximum output voltage of the
preamplifier. Since the noise level of the preamplifier is normally quoted in
root-mean-square (rms) voltage, the dynamic range is not always readily
apparent. The electronic noise has random amplitudes, and hence the peak
noise amplitudes can be on the order of 12-18 dB above the rms noise level.
Since the AE events in composites have a very wide dynamic range, it is useful
to have a preamplifier with a dynamic range considerably greater than 60 dB as
a minimum. Ideally, 80-100 dB of dynamic range would be useful.

11
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9. SECONDARY AMPLIFIERS AND FILTERS

9.1 Functions. Secondary amplifiers normally provide two functions: i)
additional variable amplification (in increments of 1 to 3 dB); and ii) addi-
tiona s most convenient if these filters are of the plug-in
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9.3 Maximum Voltage Limitation. Both filters and secondary amplifiers
have limits on the maximum voltage that can be passed. Often, their maximum
output voltages are on the order of 7-10 volts peak to peak. Consider
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amplifiers and filters to prevent signal distortion that occurs when they are
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10. TIME DOMAINS AND CHARACTERIZATION OF ANALOG AE SIGNALS
10.1 Characterictice of AR Sional Claggically, an AE sgignal from a
10,1 Characteristics of AE Signal. Clagsically, an signal from a
single AE event captured with typical AE equipment used in the field has an

exponential increase followed by an exponential decay (see figure 1). From
the point of view of AE equipment, the definition of an AE event depends on
the analog voltage exceeding a pre-set or floating voltage threshold. When
the voltage exceeds the threshold an AE event is said to have been sensed

Typical AE equipment can characterize the AE event in several ways (see figure
TYVYe 2Y ablinn nmnalr el 2. da ~F +tha AD Avracmbo $4) 1. Aewsvatine ~Ff +ha AR avrant
1/)e 1) LII€E pE€dr diipliliule Ul LiiTt AL TVTIIL, 11/ LIIT UUuidlivil Ul tLiic anL cyvoul
(i.e., the time that the gignal is above the threshold); iii) the rige time of

r-Y
the AE event (i.e., the time from the first threshold crossing to the peak
voltage); iv) the time of arrival of the AE event (i.e., the time at which the
first threshold crossing occurred or the time the threshold crossing occured
relative to the time at which another AE event occurred); and v) the number of

counts of the event (i.e., the number of positive threshold crossings during
i cha by discrete AE events, then it is called

the event). When AE is characterized
e

10.1.1 Continuous AE. There is a second classical type of AE signal.
This is called continuous AE. Continuous AE is distinguished from burst type
AE by the fact that there are so many AE events occuring over such a short
time period that the AE events superpose on each other in time such that it is

no longer possible to distinguish discrete AE events. For continuous AE many
of the parameters which are used to characterize burst-type AE no longer make
~nAanon Tha tunt1nal Arharantardmsatinn Af AAantiniiniio T 1ec +he moaciiramant nf
DTIIOT » 4AL1T I-JLJ-I.\.G.L CIIQALAOLV LT L LU -Vl i LUMLALLLuUV UuOo [T iAo LSy R L~ IMCQO UL Gl « A
the rms voltage level. This approach gives a measurement of the energy rate

of the AE signals out of the AE sensor. AE counts can also be measured fo
continuous AE. Usually, the counts are expressed as count-rate in this case.
Peak amplitudes can be measured, but the real meaning of this measurement is
not clear, since it will be a complex function of the number of AE events (and
their individual amplitudes) which make up the continuous AE and the dead time

10.1.2 Combination of Burst and Continuous Tvpe AE. Often the AE

observed in composites can be a combination of both burst and continuous AE.
This combination of AE requires a careful selection of AE equipment parameters
such as threshold and dead time to obtain meaningful results. Often, the best
characterization of such AE can be obtained using an rms meter which measures
cne energy rate of contlnuous AE and the energy in individual AE bursts

1

represented linearly by the rms meter output). The rms data can be used to
determine the level at which the threshold of the AE system should be set.
This is a particularly useful method for setting up the system.

10.2 Event ntification Time. A key parameter which the operator must
select is the event identification time of the AE system. This can also be
manfFamemad +n an Aand Flema althaniioh Aoad +#3ma 10 +2anllyy 4 mAava ocanasal
LCicLiCuUu LU ado ucau \-J.lllc, a.L l..uuusu ucau e LD r<caias a nuLc BCIICLQL
expresgion. The event identification time is used to allow the AE equipment

to know when one AE event is completed so that the system can be reset to be
able to process another AE event. Thls time is the interval during which the
system is unable to accept new data, since the threshold would have been set
to exclude anything unrelated to the discrete event isolated. If the event
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identification time is set at too large a value, then the AE system will
measure more than one AE event as one event. If the event identification time
is set too short, then the AE system will measure one AE event as several
events. For composites, since the AE event rate can be quite high, it is
important to set the time quite short (particularly for computer based AE

systems). Typically, choosing the event identification time to be 10-15% of
the typical event duration seems to give satisfactory results. For values
less than this, the quarter—-period of the nominal frequency in the AE bandpass

should be calculated to make sure that the dead time is at least 8 to 16 times
this value (i.e., 2 to 4 times the period).

10.3 AE ﬁgasured Energy as an Approximation of True Signal Energy. 1In
nearly every case, the AE event energy measured by commercial AE equipment is
an approximation of the true signal energy defined by the equation

Nt \*

=« | {ViardE

[~4
where E is the energy in the AE event signal, ty is the event duration, and
V(t) is the voltage as a function of time. Until such time as the equipment
manufacturers provide, for their equipment; an explicit correlation curve for
measured value vs. the true energy for real AE events in the bandpass of
interest, it is best to consider the measured energy values as approximations.

Note these energy measurements are measurements of the energy out of the AE
sensor.
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11. AE SOURCES IN COMPOSITES

11.1 General Idea of AE Generation. Before discussing specific AE
sources in composites, it is important to point out that most sources of
interest are stress driven. Stress driven means that AE is generated as a
response of a specimen or structure to applied stress and/or residual stresses
which are present. Without stress no AE would be generated, since no stored
energy would be available. Thus, the general picture of the generation of AE
is: 1) externally applied or residual stressj 2) a local micro- or
macro-damage or deformation mechanism; 3) a rapid change in the stress state
caused by the local damage or deformation mechanism; and 4) stress waves
generated by the local change in stress state. In some cases, AE is generated
as a response to stress and time; e.g., when there is an incubation period
after the application of stress before the deformation or damage mechanism
occurs.

11.2 Categories of Composite Material. Before discussing sources of AE

in composites, it is in order to define composite materials. Composite
materials can be divided into three broad categories: dispersion strengthened,
particle reinforced, and fiber reinforced [1,3]. In each category, the
composite is made of a matrix material and second-phase material distributed
throughout the matrix.

15
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12. DISPERSION-STRENGTHENED COMPOSITES

12.1 General. Dispersion-strengthened composite materials have a small
(0.01- to 0.lLpam diameter) and hard second phase dispersed throughout the
matrix (volume concentration 15%). These composite materials are distinct
from precipitation alloy systems. They are made normally by powder-metallurgy
techniques, and the second phase does not go into solution when the material

is heated near the melting temperature of the matrix.

16
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13. PARTICLE-REINFORCED COMPOSITES

13.1 General. Particle-reinforced composite materials are distinguished
from dispersion-strengthened composites by larger dispersoid size (>1.0mm)
and increased concentration of the dispersoid volume (»25%). In addition,
particle-reinforced composites are strengthened by the inherent relative
hardness (compared to the matrix) of the dispersoid and by dispersoid
constraint of matrix deformation. This strengthening mechanism is different
from that in dispersion-strengthened composites, where restriction of the
motion of dislocations by the second phase provides the strength enhancement.

17
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14. FIBER-REINFORCED COMPOSITES

14.1 General. The distinct microstructural difference of
fiber-reinforced composites is that the second phase (i.e., the fiber) has ome
dimension larger than the other two. If the fibers are preferentially
oriented, this characteristic leads to anisotropic composite properties rather
than the isotropic properties of the first two categories. Chopped fiber
reinforcement has been utilized for improvement of some composite properties,
and can result in isotropic materials.

14.2 Characteristic AE Sources in Fiber—Reinforced Composites. Since few
AE results have been published on dispersion- and particle-strengthened
composites, this section will emphasize fiber-reinforced composites. Only a
few sentences will be devoted to the other two types of composites. The three
main parts of a fiber composite are the fibers, the matrix, and the inter-
faces. The sources of AE associated with the fibers are: i) fracture,
ii) cracking and splitting, and iii) plastic deformation. The sources of AE
that orginate with the matrix are: i) cracking, ii) crazing, and iii) plastic
deformation. Interfaces can also lead to several sources of AE: i) interlam-
inar debonding, ii) fiber-matrix debonding, and iii) rubbing {(e.g., fiber
pull-out or relative motion of fracture or delamination surfaces). Figure 2
shows a schematic of a fiber composite and a listing of these sources. It is
to be expected that these fundamental source events or damage mechanisms do
not act in an isolated fashion. Hence, characteristic AE sources in fiber
composites can be expected to be combinations of these sources.

14.3 Sources in other Composites. Sources in dispersion-strengthened and
particle~reinforced composites will be, in general, cracking of both phases
e A k2 kln 2t b anan am owenall an A~ Tanbd A AaF bt Pl mmtbdn AaFmsenabd o
dila datiu LIIE 1Ll lalted a Wil ad FLGBLJ.L UTLULULIIIAL LULL. rIiLaduLlie uTcLuLiiauc iLuls
will occur primarily in the matrix materials with most AE sources being those
that are present in metals.

18
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15.1 General. In general, wave propagation is a complex subject even in
homogeneous and isotropic materials. Since fiber reinforced composites
(except for chopped fiber systems) have neither of these characteristics, wave
propagation in them is particularly complex. The aim here is to give the
reader a general understanding of key aspects which relate directly to
practical AE testing of composites.
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stress waves generated by each AE event propagate through the composite and
any other possible paths to the transducer. This propagation greatly
influences the resulting electrical signal out of the transducer. Aspects of
stress—-wave propagation that significantly influence the electrical signals
(in addition to the sensor response characteristics) are: geometric spreading
of the stress wave, losses due to material absorption of the stress-wave
energy, direct and reflected paths from the AE source to the transducer,
different modes and speeds of propagation of the stress waves along with
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the line of travel of the wave.

15.2.1 Geometric Spreading of the Stress Wave. Geometric spreading is
the loss in signal amplitude due to the fact that, as the wave travels away
from the point AE source in a two-or three-dimensional medium, the total area
of material through which the wave front is passing increases. Conservation
of energy can be used to calculate the resulting change in amplitude. As a
reference, it is well known that for an infinitely thin flat plate the
amplitude (not in the immediate vicinity of the gource) ig inversely
proportional to the square root of the distance the wave front has traveled
from the source. In real structures, geometric spreading does not always
decrease the signal amplitude with increased distance of propagation. For
example in a spherical pressure vessel, geometric spreading is approximately
sin _1" 0, where 0 is the angle between a radius to the AE source and a
radius to the center of the AE transducer. Hence, at 90° from the source
the amplitude is smallest, but at 180° the theoretical amplitude approaches
that near the vicinity of the source.

15.2.2 Losses Due to Material Energy Absorption of Stress Wave Energy.
Losses due to material absorption of the stress-wave energy result in
attenuation of the amplitude of the wave as it propagates. This attenuation
is more severe for stress waves at higher frequencies and in viscoelastic
materials such as epoxy. Analytically, this loss of energy by heat can be
expressed by an exponential dependence on distance of propagation (the
exponent depends on frequency). Material energy absorption is a major
difficulty in monitoring the AE generated in fiber composites. To a certain
degree this difficulty can be partially overcome by the use of a relatively
low-frequency bandpass (e.g., 5 to 30 kHz).

15.2.3 Wave Speeds. Acoustic-emission stress waves in composites have
several significant components that propagate at different speeds. Typically,
two wave packets can be distinguished on the basis of wave speed: A generaily
lower—-amplitude first arrival and a higher-amplitude second arrival.

Depending on the relative amplitudes of these waves and the distance between
the AE event and the transducer, this feature significantly affects the AE

19
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signal out of the transducer. Also, for fiber composites depending on the
orientation of the fibers, the wave speeds in the composite can vary for
different directions of propagation of the AE waves. If the fibers are at

several different directions, such as in many filament-wound vessels, then the
wave speeds do not vary significantly with direction. But, if all the fibers
are in the same direction, then the wave speeds in the direction of the fibers
can be substantially higher (up to a factor-of-four difference, depending on
frequency, for an undirectional graphite/epoxy composite)than in a direction
perpendicular to the fibers. It is also possible for part of the stress waves
from a given AE event to propagate totally in a fiber. 1If this fiber happens
to pass directly under a transducer,a completely unexpected path to the

: .
transducer is possible. Typically, in a fiber/epoxy composite with fibers in

many directions, the actual composite wave speeds are dominated by the wave
speeds through the epoxy matrix. This situation results from substantially
slower speeds of propagation in the epoxy than in the fiber. All of the above
propagation effects can substantially effect the use of arrival times at
multiple AE transducers to locate the AE events. In section 16.0 we will give
an example of some of these effects. Note that differences in path length can
cause propagation losses of peak amplitude, but may not aifect AE event energy
significantly in some cases. Overall, signal energy is sensitive to all the
processes that affect the amplitude, but in a complex manner (invclving phase
and a quadratic complex expression.

15.2.4 Dispersion of Stress Waves. Dispersion of AE stress waves in

composites refers to propagation of different-frequency components at
different speeds. The net result of dispersion is spreading in the time
domain of the stress wave as a function of distance traveled. This results in
a decrease in peak signal amplitude but not energy in the AE burst. This is
the second reason why event energy does not attenuate as rapidly as peak
amplitude.

15.2.5 Scatterineg of Stresgss Waves. Scatterin

A s e s Mlesto WA waagy  Wa h s lpnral IeV war 2

l-la
UQ
|bo

g A
wave propagation in a composite. Energy is lost due to propagatlon of part of
the energy in directions different than the line of travel of the wave. The
second phase material (e.g., fibers) can be considered to be a nonuniform
inclusion and source of scattering. This may or may not include '"defects'' as
well. The resultant signals depend on the wavelength of the sound wave and

the cross-sectional area of the second phase material, including defects.

15.3 Distinguishing Between Different Types of AE SQurges. Because of
11 the complications e Y the oSS wa aches an AE
ransducer bears little resemblance to that whlch was generated at the AE
ource. For this reason and also because of the limited band width of most
sensors it is very difficult to use frequency spectra to distinguish between
different types of AE sources in a useful fiber-composite structure. In fact,
for a repeatable source such as a pencil-lead break, the spectrum of the AE
burst is different for the lead being broken at different locations on the
composite part.

m oW

15.4 Effect of Signal Propagation Losses on Peak Amplitude. The fact that
the peak amplitude can be greatly affected by signal propagation losses needs
to be emphagized. This problem can only be minimized by the use of more AE

sensors and/or a lower frequency bandpass (in a few cases, a waveguide can
also be used effectively). The importance of minimizing this effect is due to
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the use of peak amplitude to distinguish source mechanisms in composites or to

atta Wadin A DATTAAL
wal

Aamaoca 1in an
11l aiiQ £U1.0CK

tha ~rnmnn
mnasc FS Y WRIT \—Ulllt}\lﬂ e o
litude could be lost over 50 cm of propaga-
4]; for steel the loss over an equivalent

Aatarmina tha —
AR A ALK “iie AV PN A

t
UT T d
showed that up to 45 dB in AE amp
tion in a glass/epoxy composite [

distance is 3-5 dB [5].

. .
anvarity Af min
DCVLLL\.J

15.5 Reducing Random Flaw Generated Events. For certain applications of
AE to composites, it is not necessary to use a low frequency bandpass. In
fact, it is desirable to use a high frequency bandpass. This application uses
signal propagation losses such that random flaw generated AE events do not
propagate to the sensor with sufficient amplitude to be sensed. Hence, only
events in the near vicinity of the sensor are sensed. This is desirable when
the purpose of the AE study is to monitor the micro-deformation and failure
mechanisms which are uniformly distributed throughout the composite. 1In this

case, random flaw generated events only confuse the results.

15.6 Components of AE Signal Duration. There is another aspect of wave

propagation that is important to discuss. This relates to signal durations.
The AE signal duration is made up of two components: first, the ringing of
the AE sensor; and, second, the paths of propagation and dispersion of the AE
signal before it is attenuated below the system threshold level. Often with a
low frequency bandpass and a composite test sample which is not too large, the
largest component in the AE event duration is the "ringing'" of the stress
waves in the test sample. Experimentally, these two components can be
evaluated by looking at the time domains from lead breaks on the test sample
vs. the domains for lead breaks on the face of the AE sensor.

21
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16. SOURCE OR FLAW LOCATION IN COMPOSITES

16.1 Triangulation Meth r L ti A r vents. Since the AE
stress waves which are generated at a specific location propagate with certain
velocities in all directions, by using more than one transducer, AE practi-
tioners in composites have been able to locate the region or point of origin
of the AE source event. Basically, the same techniques that are used to
"locate" the epicenter of an earthquake are used. This approach measures the
relative arrival times of the AE event (from a specific AE event) at
transducers which are located at several points on the composite. For rela-
tively simple structures {(e.g., rods or uniform thickness plates) with constant
velocities of wave propagation in all directions (usually not the case in com-
posites) simple calculations can be used to determine where the AE source
(e.g., a growing flaw) is located.

16.2 Area Location Technique - To Determine Most Damage. Since more
useful composite structures do not meet the above requirements, alternative
techniques have been used in composites. The technique which has proved most
useful is called area location. This technique has been implemented in two
ways. The first approach makes use of the high signal propagation losses in
composites. In this approach, a combination of frequency bandpass and AE
sensor spacing is chosen such that only the sensor in the immediate vicinity
of the AE source senses the AE event. Thus, using this technique, regions of
the composite which are experiencing the most damage can be identified. This
approach works best when there are a few known regions of relatively high
stress in the composite. It does not work well when AE sources could be any
place in the composite. In this latter case, either source events can be
missed or the events can "hit" more than one sensor (a sensor is hit when the
signal from the AE sensor has sufficient amplitude to be above the set voltage
threshold).

16.3 Area Location Technique - More Sophisticated Approach. The second
approach has been developed to overcome the weakness of the first. This
approach requires more sophisticated AE equipment and a lower frequency band-
pass and/or more closely spaced AE sensors. For each AE event the arrival
time at the AE sensors which it hits is recorded as well as the peak amplitude
at that sensor. Then using the general principle that the first hit sensor is
the sensor closest to the AE source location, each particular AE event can be
assigned to a certain region. Again, the cumulative results would indicate
the region on the composite structure where most damage was taking place, e.g.
during a proof test.

16.4 ry and Recommendations. The classical techniques of source
location discussed in 16.1 to 16.3 which result in a much more precise
location have not yet been fully implemented in most acoustic emission testing
of composites. Supplemental results from other ultrasonic nondestructive
testing techniques may augment this implementation, as well as improve the

consistency of the AE work.
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17. KAISER EFFECT/FELICITY RATIO

17.1 Felicity Ratigo. The more general term is the Felicity ratio. The
Felicity ratio is the numerical value which results when the load at which
"gsignificant AE" begins on a subsequent cycle is divided by the maximum load
during the previous cycle. At the current time, there is no fixed definition
of "significant AE." Hence, most AE practitioners use their own past
experience. The factors that the AE practitioner looks for are the numbers of
AE bursts as a function of certain load increments compared to the number of
events over the same load increment during the prior loading and the signal
levels of these AE bursts compared to those during the initial loading. The
ASTM recommended practice [6] suggests three guidelines for the determination
of the onset of significant AE:

More than 5 bursts of emission during a 10% increase in load;
......................

2) oo 2N
Py More tham 20 counts uux..l.us a 10% increase in Luau,

Emission continues at a load hold.

17.1.1 Effect of Variables on Felicity Ratio. There are a number of

variables which can effect the value of the Felicity ratio: loading and
unloading rates, time at peak load, AE system sensitivity, time between load
cycles, stress state during loading, AE source mechanism, test or storage
(between load cycles) environment, and proof load level relative to the
expected ultimate strength. Materials which have rate dependent properties
have the largest effects with most of these variables. Many fiber composites

with n1nnr1n matrices have rate denendent bpronertieg

- il ~3S - R L LTS AQVE L8 LT SpeaallTiae PLUPTL LIS

17.2 Kaiser Effect. If a composite material is loaded to a given stress
level and then unloaded, usually no emission will be observed upon immediate
reloading until the previous load has been exceeded. This is known as the
Kaiser effect. The Kaiser effect is said to hold when the Felicity ratio is ?
1.0. If the Felicity ratio is €1.0, then the Kaiser effect is said to be
violated. Hence, it is clear that when the Kaiser effect holds, no new AE

sources have operated and no reversible AE sources were present during the
subsequent load cycle of the specimen being tested. But, if the Kaiser effect

auscytell 194 ey le L1 LI re~= =232 (Rt e N -2C AT T A0 .

is V1olated then either or both of these cases has occured.
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18. FACTORS OF SIGNIFICANCE IN AE DATA

18.1 Six Basic Factors. There are six basic factors which must be taken
into account when determining the significance of the AE which has been recor-
ded during a test of a composite. First, since AE is generated as a response
of a specimen or structure to stress, the stress levels at which the AE events
occur are of importance. Normally, the lower the stress at which AE events
occur, the poorer the structure. The second factor is the energy (or
amplitude) of the AE bursts. The usual conclusion is: the higher the energy
of an AE event, the larger or more significant the damage to the specimen.
Most AE data indicate large increases in AE amplitudes near the failure leveil
of composites. Third, the total number of AE events is also of significance.
Normally, the larger the number of AE events, the greater the damage to the
composite. Fourth, the location of the AE sources is of key significance for
composites. Composites often have a considerable number of AE events which
originate at random locations throughout the specimen. These random location
events often have little or nothing to do with the strength or life of the
structure. Of much greater importance are AE events which originate at the
same location. These AE events are indicative of a growing region of damage
and of potential serious damage to the structure. Fifth, the value of the
Felicity ratio is also a significant factor in AE data for composites.
Normally, the lower the value of the Felicity ratio, the poorer the composite
sample. Sixth, the rate of accumulation of AE events as a function of
increasing stress (or time) is significant. When the slope of such a curve
changes significantly, or becomes exponential, the rapid growth of damage
indicates changes in source mechanisms or flaw growth becoming unstable as a
percursor to total failure. Similarly continued AE with time at a load hold
implies creep processes which may become unstable.

18.2 Interpretation of Significance of AE Data. The interpretation of
the significance of AE data for a specific instance is largely a matter of
experience. The key experience is gained by monitoring good vs. bad speci-
mens. This fact points to the reason why section 3.0 placed such an emphasis
on doing identical AE tests. A key factor is the identity of the source
mechanism which produced the AE. Since there are currently no standard
techniques which can be used to identify the source for a given AE burst, we
can't as yet include this as a factor of significance. Future developments in
the field may result in such techniques. These techniques could be very useful
for composites such as fiber reinforced composites where fiber failures are

often of much greater significance than matrix cracking.

R



Downloaded from http://www.everyspec.com
MIL-HDBK-732A

1a TN QTTII NATTRDATTNAN NT AL TLRACTC
AL e 449 Vaiaav WO A LINLL L A VY A\ S fz Y ¥ LT iaw
19.1 Advantages. Since there is a large emphasis on comparison of AE

data from one test to another, it is important to adopt an in situ calibration
technique. Such a technique will allow for checking the following: i) propa-
gation characteristics of the test specimen and associated test fixturing; ii)
t efficiency of the AE couplant 1) the sen51t1v1ty of the AE sensor; and
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19.2 Calibration Using Fracture of Pencil Lead. To date, the most

convenient simulated AE source event for calibration purposes is the fracture
of pencil lead in contact with the test specimen. The rapid release of the

Hertzian contact stresses simulates the AUlJU&, At, AV) of a real AE
nrran Tha hamnt amesmanab S0 a Loi213 o e Alo 2 T hoem e lomoe e bl L
TVTIiL . 411l1T VUTBL appiuacit 15 LU Julliu a umediiaiiicdli itgau plcaxkelr puU Lilal eaci
lead break takes place at the same location and under the same geometric
conditions. By building a load cell into the lead-breaker. the load at which

the lead breaks can be measured. This assures that the lead break used for
calibration was at the normal load. The length of lead must be controlled;
also, the pencil tip must be prevented from striking the test part. The lead
breaker must be isolated with respect to wave propagation from the test

specimen and AE sensor. This isolation is necessary so that AE generated in

T amc e Mevend nn1Taoe o d anm s - s ma
the lead-breaker does not reach the AE sensor. Typically best results occur
. . : X
with 0.3 mm or 0.5 mm diameter 2H lead. Since the lead cometimes fractures in

other than normal fashion, usually 3 or 4 breaks are used. The first and last
few breaks from a length of lead should not be used for calibration.
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20. EXTRANEOUS AE

20.1 Typical Extraneous Sources of AE. It is a relatively simple
procedure to attach an AE sensor to a composite, load the composite, and
obtain AE data. Along with the AE data of interest (i.e., that which
originates from the specimen as it is loaded) there may be considerable
amounts of AE from extraneous sources. Some typical extraneous sources of AE
are: 1) AE from the loading apparatus or test fixture, 2) AE from the test
machine or specimen grips, 3) AE from other machinery in the test environment,
4) AE from strain gages, and 5) AE from unexpected sources, such as specimen
movement, blowing sand, etc. Noise generated in ground loops, voltage spikes
and other stray electromechanical signals may be mistaken as AE. Since it is
often necessary to go to a lower frequency bandpass with composites to
overcome signal propagation losses, extraneous noises can be expected to be
present in greater amounts for composite testing. But this situation does not
necessarily imply that the AE signal to extraneous noise ratio will be worse
for a low frequency bandpass. The reason for this is that at lower
frequencies the amplitudes of the real AE signals are considerably larger.

20.1.1 Determining if Significant AE is Present. There is o
way to indicate that significant AE from extraneous sources is not present (at
the particular AE sensitivity used) in a particular test. The technique is to
replace the test specimen with a dummy specimen that is known not to emit AE
under load. Then the test is run with the dummy in place and any AE which is
generated will be from extraneous sources. It is possible to check for most
extraneous AE sources for test specimens/structures which have a high Felicity
ratio (i.e., =1.0). In such a case, the test sample can by cycled twice (to
prove the Felicity ratio is >1.0), then it can be completely removed from the
test fixture, reinstalled and tested again. If the Felicity ratic is greater
than or equal to what it was before, then all but a few possible sources of
extraneous AE have been shown to be insignificant at the AE sensitivity that
was used. It is an important step to completely remove the test specimen from
the test fixture, and also, to tear down the test fixture if that is normally
done between or at the end of a set of AE tests. Often, unexpected extraneous
AE sources will be uncovered by such an approach. The use of the Felicity
effect does not check all potential extraneous AE sources. For example, with
"tab type" composite tensile samples, the use of the Felicity effect would not
prove that the adhesive between the tabs and the specimen was not a source of

avtranoenue AR
extranegous A,

20.1.2 Elimination of Extraneous Sources of AE. Extraneous sources of AE
can often be eliminated by better design of the test set-up or the test
environment. Also, absorbing materials can be used or the AE equipment can be
operated at less sensitivity. In some cases, it may be necessary to redesign
the test specimen or the test fixturing, or to test at a different location or
time of day. In an extreme case it may be necessary to conclude that AE in
its present state of development is not an appropriate test.
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21. CONTROL CHECKS ON AE TESTING

21.1 Running Charts. In production testing or other regular testing of
composites with AE, there are certain measurements which can warn the
responsible person that all is not correct for the AE test. A simple approach
to this is to use so-called 'running charts.' These charts are historical
plots of some key measurements which relate to the overall health of the AE
system. When steady or step changes occur in these charts, then it is time to
fully check out the AE test system or test technicians. Typical measurements

which might be recorded on such charts are: 1) load at which the lead frac-
tures; 2) the AE peak amplitude from the lead fracture event; and 3) the

electronic rms value of the background noise level.

21.2 AE Electronics. It is also necessary to periodically check the AE
electronics as well. Electronic equipment does suffer breakdowns, and these
breakdowns are not always characterized by a complete loss of functions. AE
equipment, particularly computer based systems, can apparently function quite
nicely but at the same time be making incorrect measurements [7]. A standard
practice for characterizing AE instrumentation is helpful for these periodic
checks [8].

21.3 Sensor Checks. Of all of the components of an AE System, the AE
sensors are the most subject to variations affecting sensitivity. Specific
purposes for checking the response of AE sensors include: 1) checking for
stability with time, 2) checking for possible change in response after
accident or abuse, 3) comparing the response of several sensors in order to
match them for multichannel use, and 4) checking for change in response after
thermal cycling or exposure to hostile conditions such as a test of a specimen
to failure. A standard guide for checking AE sensors is useful for these
checks [9]. The tests allow the user to check for degradation or to select
sensors with general characteristics but do not provide an absolute
calibration of the sensor nor do they assure interchangeability of data
between different organizationms.
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22. ADDITIONAL INSTRUMENTATION

22.1 General. In addition to what is normally sold as AE equipment,
there are several electronics instruments which are quite valuable. These can
be used both to make decisions on instrument level settings of the AE
equipment and also to diagnose problems with the AE data.

22.2 Types of Equipment. Typically, these additional pieces of equipment
are a combination of a transient recorder and an oscilloscope, a variable
oscillator with variable dB attenuator, and a true rms meter (if it is not
already a part of the AE system). The scope-transient recorder cam be used to
determine the levels to set such parameters as the event identification time
and the threshold of the AE system. It can also be used to determine the type
of AE which is present (e.g., burst-type vs. continuous). The oscillator can
be used to check gains and bandpass in combination with the rms meter. The
scope is also useful to check for extraneous electronic noise sources such as

ground loops.
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23. FUTURE USES OF AE FOR NDE

23.1 General. Instrumentation is being developed which will expand the
usefulness of AE. Calibration for repetitive measurements is a subject for
new interest. Additional enlightenment on the general subject of AE may be
gained from the relatively new '"Journal of Acoustic Emission.’
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