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ACOUSTIC EMISSION ANALYSIS--A TEST METHOD FOR METAL JOINTS
BONDED BY ADHESIVES

Walter Brockmann and Tilman Fischer

Among the nondestructive test methods for adhesive joints
are primarily vitrasonic methods, for instance the pulse-echo
system and, much more frequently, the resonant-frequency sys-
tem in form of the so-called FOKKER-BOND-TESTER. In addition,
some adhesive-bonded systems can also be tested through heat
flow methods, holography and x-rays (1). However, fault detec-
tion is restricted to a range of few millimeters so that ini-
tial microscopic damage development in mechanically or climat-
ically stressed adhesive bonds, which is visu.lly already
recognizable through the fracture planes and has decisive
impertance for the overall performance of the bond, is not
recognizable or only barely so.

These test methods also do not permit conclusions as to
the actual strength characteristics of an adhesive joint, which
can exhibit considerable variations even in the absence of
bubbles and pores in the layers of the adhesives aad in a com-
plete bond between adhesive and bonded material. This is due
primarily to the structuring effect of the metal surfaces in
adhesive areas close to the boundary layers (2). Finally, the
application of these test methods often presents difficulties
since large bonded areas in particular cannot be tested
integrally but must be checked point h»y point in a grid-1like
fashion.

Manuscript submitted 20. Jume 1977

*Numbers in the margin indicate pagination in the foreign text.
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1. Introduction

The method of acoustic emission analysis (SEA), which has
lately been tested on metals and cumposite materials is not
subject to these restrictions (3 to 5). On the one hand, we
are dealing here with an integral test method where a few
sensors permit easy checking of larger pieces like aircraft
compartments or other containers and where the onset of faults
can be recognized immediately. Beyond this the acoustic emis-

sion analysis can differentiate between inherent material faults,

which do not spread and are therefore bharmless, and fractures
which can be very small on occasion but do spread, since only
such faults cause acousti~ emission. During measurement of the
acoustic emission the component must be subjected to mechanical
stress so that the method cannot be called a completely nonde-
structive test in the strictest sense. PBut these stresses can
be way below the normal service stresses in several cases 5o
that critical stresses,with potential destruction of the test
bedy or component,are not required in the application of
acoustic emission measurement.

It seemed promising to use this measurement technique for
the investigation of damage cyeles in adhesive bonds, caused by
mechanical or climatic stresses, and to ascertain in what way
ageing processes in adhesive bonds of metals gemerate a change
in behavior of the material! under mechanical stress.

2. Experimental Materials, Sample Types

The experimental materials were chosen so that the resuyilts
would be directly applicable to adhesive bending for aircrafe,
since the highest requirements of strength and stability for
adhesive bonds of metals are presently made by the asronautical
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technology. Only an aluminum alloy could,therefore,be con-
sidered as materia) for bonding and AlMgSi-0.5 was shown to be
most suitable for the test samples.

Three adhesives now in use with the aircraft industry were
chosen because of the variations in their strength performance,
deformation ability and resistance to ageing. They are:

--the phenolic resin adhesive REDUX 775,
--the epoxy resin FM 1000 modified with POLYAMID 606,
--the epoxy resin AF 120 modified with nitrile.

In contrast to the REDUX adhesive, which has been used in
aircraft construction four about 20 years because of its high
resistance to ageing, epoxy resin FM 1000 exhibits a much higher
capability for plastic deformation (6). But its resistance to
sgeing is not sufficient for all requirements. Compared with
the adhesives mentioned the epoxy-nitrile adhesive AF 126 is
characterized by lower curing temperature, as well as better
plastic deformation than REDUX 775 and with it higher resis-
tance to peeling. When compared to adhesive FM 1000, AF 126
exnibits lower creep tendeucies and higher strength at elevated
temperatures and im muggy climates.

The surface preparation of the bonding comporents consisted
of :

--the pickling process, 30 minutes of pickling the surfaces of
the bonding components in chromosulfuric acid at 60°C,

--the pickling process with subsequent anodizing in chremic
acid at direct’current increasing to 40 V.,

The subsequent anodizimg im chromic acid has been proven,
in contrast to the pickling precess, to previde improved sta-
bility of adhesion in boundary layers when subject to the influx
of humidity.



In the choice of sample types it had to be considered that
microscopic and macroscopic fissuring processes, originating
from a simulated fault, were to be generated over an extended
time interval in a layer of adhesive; they were to be sensed
mechanically, resp. electrically and by means of acoustic emis-
sion analysis and their growth, resp. progress, was to be ob-
served through both measurement techniques, in a comparative
way, under normal as well as aged conditions. Preliminary ex-
periments showed that the simple lap-joint of the tensile-shear
stress test was not suitable. It seemed more appropriate to
choose a test sample for fissure opening, borrowed from fracture
mechanics and described elsewhere (7), which consisted in this
case of aluminum rods of 250 mm length, 30 mm width and 15 mm
thickness. Two each were to be bonded along the 250 x 30 mm
surface to a length of 200 mmgafter prior appropriate surface
preparation, with the adhesive to be investigated. The test
load was directed at the bonding components at right angle to
the bonded surface in the unbonded area, with a 0.2 mm/min.
feed of the test equipment. During the bending apart of the
bonding components, which is carried out simjilar to a peeling
test, the fissuring progress begins, starting from a foil of
polytetrafluoroethyls (Teflon) contained in the adhesive layer
#s simulated flaw. The progress of the fissure in the adhesive
can be recorded by suitable odometric instruments, based on the
flaring out of the bonded compomnents at the interface of the
saiples ,which is the direction in which the fissure in the ad-
hesive proresds.

3. Carrying Out the Experiment

Fig. 3 discloses the na%ure of the test body and its place-
ment in the test apparatus. 1n this cxpeviment the force-
flaving-diagram will be measured. After a certain fissure



length has been reached the openin, path of the fissure can be
fixed, i.c. the fissure conserved in its flared out conditioun,
In this prestressed condition it is possible to subject the /432
samples to an ageing process in muggy climate, leading in most
cases to an automatic ircrease in the fissure length. This
fissure growth usually terminates, however, after 20 to 30
hours due to the progressive decrease of load at the leading
edge of the fissure, based on reduction in the flaring of the
bonded omponents with a constant prestress path and increasing
fissure length. In the prestressed condition ageing processes
in the adhesive occur after rather short time intervals, as is
known from the literature (8), so that an ageing time of 40
hours in muggy climate is already sufficient for the observa-
tion of marked changes in the adhesive during subsequent con-
tinuation of the fissure (7).

Acoustic emission sensors were placed on the samples in
various locations during the experiments, as recognizable in
Fig. 1, and the emission characteristics of normal and aged
layers of adhesive were aneasurcd for the entire period of the
test. A significunt problem is presented here by the dis-
turbing noise signals caused by the test apparatus, which could
not be totally eliminated. During investigations of fracture
mechanics they are caused primarily by friction in the bearings
of the clamping fixture and by noises within the tensile stress
machine. The choice of suitable input thresholds on the one
hand and the simultaneous measurement of machine moises during
the tensile test can, however, eliminate them. In addition,
the generation of noises in clamping fistures can be reduced
greatly through the use of appropriate lubricants. On the
other hand, the attempt to surpress the disturbing moises caused
by the environmental chamber, during the climatic ageing of the
clamped down sanples to the extent that the acoustic pulses



Fig. 1.
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Test body (above) and test
arrangement (below) for the acous-

generated during the
progress of the fissure
under prestress would
become available, was
This re-

mains ‘o be done in a

unsuvcessful,

future evperiment.

Several piezoelec-
tric quartz sensors were
used for the recording
of acoustic signals
emitted under load in
adhesive bonds. Prelim-
inary tests showed that
they must be coupled to
the contact surface via
some incompressible fat,
Disturbing signals from
machines and from the
environment could be
eliminated by only mea-
suring signals in the
ultrasonic frequency
band. In the present
case that was between

100 ¥4z and 2 MHz (broadband) for frequency analyses and around

140 kHz for the

pulse area. Resonant sensors proved best for the latter pro-

formation of acoustic sums and analys#s of the

cedures because of thear higher sensitivity in measurements,



4. Experimental Results

The acoustic sum decermined each time could be recoried
jointly with the curve for opening under force, in Fig. 2. It
nust be stressed here that further filtering out of possible
interference noise signals permitted an additional operative
discriminator threshold which released only signals above 100
mV amplifier input voltage for recording. During the tests the
pulse cam distribution was recorded by a multi-channel counter,
with individually recorded pulses assighed to different chan-
nels according to their respective cams. To carry out the
frequency analysis it was necessary to store the signals and
then feed them into a frequency analyzer. Comparative prelim-
inary experiments with tensile-shear test samples,as well as
with the described samples from fracture mechanics,allowed a
safe deduction that the acoustic signals so obtained and re-
corded are clearly to be traced te the fissure formation in
the adhesive, resp. between adhesive layer and bonding material,
while the other, suppressed, noises were either disturbing or
unimportant in the interpretation of the results.

4.1 Fissuring Process and Acoustic Sum

Looking at first at the curves of opening under force,
which were obtained from unaged and aged adhesive joints, it
must be stated that in the unaged condition a clear maximum is
reached after a nearly linear increase in force where the fis-
suring progress apparently proceeds macroscopically from the
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Teflon foil embedded in the adhesive layer, involving naturslly

|

a decrease in force with constant opening velocity. The max?-
mum force required for fissuring depends, as in the peeling
test, on the type of adhesive, i.e. primarily on its deforma-
tion capability. As compared to the relatively brittie adhe-
sive REDUX both the highly plasticized FN 1000, as well as the
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epoxy resin, *equire increased force for fissuring. It is re-
markable in this connection that for the adhesive REDUX the
fissuring force is apparently also significantly influenced by
the preliminary surface treatment o the metallic bonding
components., It must be emphasized that in both cases the fis-
sure proceeded as cohesion fracture in the adhesive layer.

The type of preliminary surface treatment apparently also has
influence in these test bodies not cnly on the characteristics
of the boundary layer area but beyond it on those of the entire
adhesive layer.

After a certain opening length was reached the samples
were, as mentioned, placed in clamped condition in a muggy
climate of 40/95 (40°C, 95% relative humidity) for a time inter-
val of 40 hours. Subsequen. experiments continuing the YTissure
were carried out with the results also recorded in the diagrams.
During continuation of the fissuring a definite force maximum,
similar to the cne in the unaged condition, caun still be ob-
served in several cases but the increase in force is not as
steep, which may be laid to adhesion fractures that occur only
partially at first. In the evaluation of the test resualts i%
should not be overlooked that during the ageing tests of the
clamped fissure it often moves from the adhesive layer into
the boundary layer. After the climatic exposure and the fis-
suring progress in its course,in the form of an adhesion frac-
ture, there is apparently still a zone of weakemed adhesion in
the unfissured area which must first be overcome during an
experiment of continued fissuring. 1f the fracture continues
again in the adhesive,during continuation of the fissure,
then it must not be overlooked that the decrease in force after
attainment of the maximum, particularly for the adhesives REDUX
and FM 1000, is less steep in the aged condition than when wun-
aged. This permits the conclusien that the adhesiye layer is



plastified by infus: ) humidity and so contributes to stabili-

zation against further fissuring.

The curves of acoustic sums, which are placed ne. ' to the
appropriate curves of opening under force, now permit addi-
tional interpretation of the failure mechanisms. In the unuiged
condition it must not be ovevlooked that acopstic signals are
already emitted during #he nearly linear force increase, i.e.
that dam® es occur in the adhesive. But they do not yet cause
any macroscopic fissure, which can be recognized only by a
marked increase in the slope of the acoustic sum curves after
the maximum of force has been reached. Only acoustic emission
analysis permits a clear statement that in adhesive joints,
similar to those in metallic materials, the first force maximum
in experiments of fracture mechanics coincides with the begin-
ning of a macro-fissure. This maximum force, which is required
for fissure progress must not, howevexy be inclufled in calcula-
tions in the form of a fracture-mechanical characteristic
since damages to the adhesive layers, though different for egch
adlwsive, apparently occur before the initiation of the fissure.

The characteristic of acoustic emission for aged samples
(always to the right in the diagrams) is different. After the
force maximum has been reached the acoustic sum does quite
clearly increase here, %wo. It permits ¥he coneiusion tiat ¢he
macroscopic fissure continues in the aged adhesive layer. The
number of damages that occur, visible frog the rise «f the
curves of the acoustic sums in the aged condition, varies col-
siderably with the adhesives. This is particulsiy apparait
when concentrating consideration #n the behyvior of adhesive FM
1000 which is marked by high plasticity. This adhesive, which
dparently has been fygwther plastified by hamidi®y, :liows only
an indistinct fissure start in the aged condition, which is made
cleaw by the cur@es of opewping under force and also by the very
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$.ow vise in the acous:ic emissions curve. [lven for relatively
high loads does this adhesive,thercfore, provide great assurance
against fissure continuation even in the aged condition., The
increasing opening of the joint components is met by this ad-
hesive threo h plastic deformation at constant resistance
which, as noticeable in the curve of the acoustic sums, is
marked by only a few irreversible damage phenomena. Adhesive
"M 1000 which, according to other tests (6), shows relatively
little resistance to ageing compared to AF 120, is also dis-
tinguished by its improvement in resistance (o the progress of

fissure under the influence of humidity in the case of some
domage in the adhesive layer. Even fo: relatively extensive
plastic delformations, such as occur in buckling sheetemetal con-
structions [for instance, the deformation will hardly cause
irreversible damages that could contribute to fur:her unstable
Cissuring.

Aconstic emissions which could be (ecorded from the unaged
adhesive layers, to the left in the diagrams, already before the
generation of the macroscopic crack .nd which permit conclusions
about the damages in the adhesive layer, do not appear in the
aged condition. The summation curves rise here markedly only
2fter the force maximum has been reached. Two explanations can
serve &~ Jaterpretations for the shape of 'hese curves: on the
one hand it is possible the® thce bourdary layer, which has ap
parently been weakened by humidity in the clamped condition,
fails under emission of only a few and weak acoustic signals
until the fracture moves over again clearly into the adhesive
layer. On the other hand i1t is conceivable that the adhesive,
which has been more plastified during the 40 hour climatic
treatment, particularly in the vicinity of the leading edge of
the fixture, follows at first the opcning in the joint compon-
ents and that irreversible damage cycl!es do net occur during
this plastic deformation. A amalogy to this would be found



in the behavior of the adhesive FM 1000 with only a few damage
cycles in the aged condition. The fact of absent emission up
to the macroscopical crack in the aged condition permits the
conclusion that all adhesives gain increased resistance to
irreversible destructive processes through the infusion of water
(made clear in most cases through a more gradual rise in the
slope of the acoustic sum curves). Only a small number of
damage mechanisms seem to occur apparently in the adhesive
layers during continued fissuring. Plastic deformations, which
appear to be supported by the influence of humidity on adhe-
sives, do create an increase in safety then, to some extent.

To provide some insight into the reproducibility of the
experiments described characteristics for adhesive AF 126, as
determined for two diiferent samples, have been plotted in
Fig. 2d. These are the greatest differences found for the ad-
hesive. The acoustic summation curves are nearly identical
while those for opening under force differ considerably in the
unaged condition. If we stay with the hypothesis, for the time
being, that plastic adhesive deformations are not connected
with damage cycles in the microscopic or submicroscopic area
and consequently do not cause acoustic emissions, the differ-
ence in behavior of the force path for an identical emission
picture can be explained by a higher degree of plasticity in
sample 1 being responsible for the higher resistance to fis-
suring, which can safely be accepted (1). The higher degree of
plasticity in sample 1 could be attributed to the inhomogeneity /434
of the adhesive used, which is not completely avoidable in the
production of adhesives. The higher plasticity oi the adhesive
tested in sample 1, i.e. a higher percentage of thermopla:tic
resin that is added for plastification, would then also be re-
sponsible in the aged condition for the slope of the acoustic
summation curve rising less steeply than that of sample 2 with
a smaller share of plastifying resin, after continuation of the
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fissure has started. The interpretation presented here cannot
be generalized so far, however, since there are not yet suffi-
cient experimental data available to support it. But one can
already recognize from this example that the ratio in which the
different adhesive components are mixed, namely the cross-
linking duroplastic ones and the plastifying, not cross-linked,
thermoplastic ones, is of decisive importance in the behavior
of the fissure.

The fissuring characteristic of an adhesive varies clearly
with the application of different methods of surface prepara-
tion, as shown in Fig. 2 a,b for the REDUX adhesive. This is
confirmed by the acoustic emission characteristic which points
to a larger number of damage cycles in the adhesive after
pickling and anodizing than after pickling alone, which is also
combined with a markedly higher overall load-carrying capacity
at the same time. This could be attributed to the fact that
the remote effect of the metal surfaces in the case of pickling
and anodizing provides a higher degree of orientation, at least
for the duroplastic component of the phenolic resin, or a higher
degree of cross-linkage in some area and thus brings about in-
creased resistance to fissure progress. The reason for the
increased resistance to fissure progress in a tighter cross-
linked and higher oriented duroplastic component can be at-
tributed to higher strength due to a larger number of chemical
bonds per volr etric unit. On the other hand, the inhomogeneity
of the entire layerybecause of the marked differences between
the duroplastic and thermoplastic components,may be the reason
for the different emission behavior since progressive micro-
fissures are occasionally detected at the boundaries between
them.

The measurement of acoustic summation curves on adhesive
joints of metals offers,therefore,results that are characteristic

13



for adhesives, permits differentiation between microscopic and
macroscopic damage cycles and allows clear observation of
changes due to ageing processes.

4,2 Pulse Cams

Conspicuous differences between the adhesives examined can
also be determined through the intensities of acoustic emission
and the pulse cam distribution. The overall sums of the pulse
cams ,for the REDUX adhesive for instance, are ten times higher
than those for the other adhesives examined. Since the pulse
cam is proportional to the root of the pulse energy its size is
a direct indicaution of thie energy of the respective failure
cycle. The differences mentioned for individual adhesives can
be explained by greater elastic energy storage,before the actual
progress of the fissure,in REDUX than in adhesive FM 1000 for
instance. This energy is released suddenly only during ¢ struc-
tion and is partially converted into damage energy. An adhesive
layer consisting of REDUX is relatively nonhomejeneous when com-
pared with adhesives FM 1000 and AF 126, which is already recog-
nizable visually. The distribution of polyvinylformal, which
is used for plastification, in the duroplastic phenolic resin
appears grainy in the fracture planes. This is not the case
for the other adhesives. Duroplastic and thermoplastic com-
ponents are much better mixed in them so that the cured adhesive

surfaces present a more homogeneous picture.

The intensity »f the released acoustic energy is not a
measure for the strength of the bond, however. Much energy can
be stored in relatively brittle adhesives like REDUX, while
more plastified but more homogeneous adhesives can reduce ten-
sivn peaks through plastic deformation and thus present greater
overall resistance ot the adhesive joint to fissure progress.

14



The analysis of pulse cams may

on the other hand

conve)

clear indications of the extent of damage to the adhesive

layers if tvhe pulse cam distribution for an adhesive material

is recorded for different loads, as

left, for adhesive FM 1000 in aged condition for instance.
nigher loads the number of higher energy pulses increases.

is to be attributed to the increasing
plastic components after corresponding

shown in Fig.

3, to the
For
This
destruction of duro-

storage of clastic energy

through deformation of plastic components,
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Fig. 3. Pulse cam distributions
of fissure pulses ror adhesive FM
1000 (to the left) for a load of
(a) 2000 N and (b) 400 N as well
as for adhesive AF 126 (to the
right) in (a) nonaged and

(b) aged condition.

of water to such an extent that damage

they have no connection, however,

the onset of the fissure.

Ageing processes
where the, already men-
tioned, increasing plas-
tification of adhesive
materials through influx
of humidity takes place,
can also be observed by

means of the pulse cam

analysis, as in Fig. 3
to the right. A higher
share of low energy

pulses characterizes the
aged adhesive as com-
pared to the adhesive in
unaged condition. Some-
times that permits the
conclusion that er’en the
rlastified component is
weakened bv the entrance

cycles can occur in it;

to the energy storage before
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4.3 Frequency Analysis

Additional possibilities for the identif{ication of recorded
fissure pulses are offered, especially by frequency analysis.
The spectra of fissure pulses differ clearly from those signals
that can be attributed to knocking noises at the sample or to
artificially created friction processes, as shown in Fig. 4,

N

Frequent

Frequency spectra
also convey clear dif-
ferences in the fissure
characteristic of var-
ious adhesives in their
unaged, as well as aged,
condition. The unaged
adhesive REDUX is char-
acterized by the ap-

ig. 4. Frequency spectra of pearance of two groups

Fi

(a) typical fissure pulses, of spectra while only
(b) knocking noises,

(¢) friction in the clamping
fixture. served for the aged

one group can be ob-

condition. This occur-

rence can be explained by the great inhomogeneity of the cured
adhesive laer since duroplastic and thermoplastic components
form their own structural areas here which emit pulses indepen-
dent of each other during fissuring. Their frequency spectra
are clearly different because of the different molecular struc-
tures of the phenolic resin [duroplastic) and of the polyvinyl-
formals (thermoplastic). Since apparently only one component
emits acoustic pulses in the aged condition, the other must be
so highly plastified that its emission is no longer of conse-
quence.

When making an overall comparison between the frequency
spectra of the aged adhesive layers and those of the unaged

16
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ones, in Fig. 5, it becomes apparent that the entrance of
humidity causes an acoustic emission of higher frequency during
the progression of the fissure. With it goes a weakening of the
signals of between 5-10 db. At the present state of the study
it is not possible to essign this shift of intemsities and fre-
quencies indisputably to mechanical cycles of the working mater-
ials. As mentioned before, frequency spectra are composed of
those of the primary pulses @nd of the so called transfer func-
tionywhich describes the damping and oscillating behavior of
the adhesive and the joint components. At least the transfer
function of the adhesive will change due to ageing processes,
meaning primarily the absorption of humidity, to an extent not
known until now. On the other hand,“he frequency cnaracter-
istic of the primary system will naturally also change. To be
able to derive further changes in the mechanics of the mater-
ials from the frequency spectra, the dependence of the transfer
function of the adhesive layers on ageing must be found so as
to allow subsequent elimination of its influence on the final
result. At present it cannot yet be clearly decided how justi-
fiablce the neé%ssary effort is to determine the transfer char-
acteristics of all adhesives as a function of their degree of

ageing.

Tiie result achieved with the aid of frequency analysis for
adhesive AF 126, Fig. 5 lower right, is remarkable for showing
that one-day storage of the fissured sample after the clima
test, in prestressed condition and with appropriate frequency
change, produces the same result as can be measured for the
unaged adhesive. Ageing processes in adhesive layers on metals
are therefore reversible, at least under the influence of muggy
climate and as far as changes in the adhesive are concerned.
This was also observed during the torsional-oscillation experi-
ment (6). This reversibility permits the conclusion that ageing
processes in muggy climate are to be attributed almost
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exclnsively to the hu-
nidity entering the ad-
hesive layer, which
cayses no discernible
damages eacept for
soaking cycles. This

soaking can contribyte
to @ diminution eof
strength but, on the
other hand, it offers

an often desarable im-

provement in plasticity
with cerresponding

| 1»owee
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security against un-
stable ¥issuxe progres-

sion.

Fig. 5. Frequency spectra of 0 __Longiussons

fissure pulses for adhesives
REDUX 775 (above), FM 1000 A il o
(below left) and AF 126 (below Investigations of
right) acoustic emissien behav-
a: in unaged condition
b: in aged condition
¢: (only for AF 120) like b, out on adhesive metal
but 24 h after the cli-
matic test

ior, which were carried

joints with various ad-
hesives and different
preliminary t¥eatments, under mechapmical leading in the wnaged
and aged condition, permit significant concluysions.

The acoustic emission analysis provides, in addition %o
technological tests of strength, of deformation behavior
and of fissure progress in adh sive metal joints, expanded
knowledge about the behavior or the adhesive layers under
load and climatic influences. 1Im contrast to the
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technclogical tests the acoustic emission analysis con-
veys insights into the connections between the structure
of the adhesive layer and its behavior during mechanical,
resp. physical changes.

With respect to their acoustic emission behavior adhe-
sives for metals differ in the vnaged and aged conditions,
after only brief loading and shert climatic exposure, to
a far greater extent® than is possible to measure in tech-
nological tests. VFor a suitable choice of sample shape
ageing periods of a few days without aggravation of envi-
ronmental conditions are sufficient for characterization
of behavior under load and over the long term.

When compared with amplitude and frequency analyses, which
requive a great deal of equipment, the recording of acous-
tic¢ summation curves,which can be considered as the sim-
pdest procedure of the acoustic emission technology,
generally provides sufficient characteristics for the
evaluation of the adhesives. The results of acoustic
emission measurements are consonant with those that can

be obtained with the aid of test methods from fracture
mechanics.

Measurements of acoustic summatior curves can be made at
adhesive bonds before the onset of macroscopic fissures,
as well as after the forced damage. The onset of macro-
scopic fissures is clearly recognizable. This appears to
make acoustic emission analysis particularly suitable for
the monitering of components since it permits the recog-
nition of the onset of fractures independent of the size
of the bonded system, for instance after stressing to
rated load. When a component is used only in the sub-

critical range,in which assuredly no macroscopic fissures
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originate, differences in deformation and microfissure
behavior of the adhesives, such as can he caused by dif-
ferent preliminary surface preparvations, can clearly be
determined in the unaged condition. Diminution of the
pulse sum or absence of acoustic pulses in the subcrit-
ical rangeg,as compared to the unaged condition,permits

a8 safe conclusion of soaking cycles in the adhesive
layers. An increase of the acoustic sum in the aged
condition is, according to the present state of knowl-
edge, caused quite definitely by the generation of macro-
scopic fissures. The still permissible overall load can
therefore be measured relatively simply for aged compon-
ents.

The acoustic emission analysis is, therefore, suitable for
comparative laboratory experiments on adhesives for metals,
tesp. adhesive joints of metals, for determination of the param-
eters decisive for strength and reliability, as well as for
component testing and quality ccntrol during and after the
construction of adhesive structures. The use of acoustic emis-
sion analysis in laboratory experiments expands the knowledge
about the behavior of adhesives for metals under load and during
ageing, which has previously been gained mostly through techno-
logical tests. The use of acoustic emission analysis permits
beyond that a drastic shortening of weather exposure periods,
for long-term experiments. for instance. Its application for
the bonded component at a subcritical or rated load offers re-
liable references about the condition of the bonded joints and,
perhaps, about macroscopic fracture processes going on in them,

The authors are grateful to Dr.-Ing. H.-A. Crostack, Insti-
tute for Physical Production Methods of the University of

Dortmund, for his advice in carrying out the acoustic emission
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measurements and his assistance in the interpretation of the
results,
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