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INTRODUCTION

Phe znalysis of the amnlitude distribution of acoustic emission
is regarded as = means of describing events taking place during
mechanical testing. Since the energy involved with an event de-
nends unon the amplitude levels and their number, this tyne of
analyeis is greatly influenced by the freguency band selected
and the resolution of the, amplitude bandwidth.

Dy testing six different fracture toughness volues of Déuc
comnact tension specimen Nakemura et al {1) obhserved the differ-
ance in the a-mlitude distribution between higher ond low free-
ture toughmness snecimens. They found the slope in the los(event
nuber) versus log{amnlitude) tend to decrease with increasing
the K1C values. This remmlt is gimilar to that obscerved by sch-
oltz. (2} for microcracking during brittle Irseturing in rocko
ané Nakoswra ot ol (1) sus~ested this noy be o univercal charzse-
teristie of brittle Lracture.

current’ conventional analyzis of the ammlitude distribution
method wa: developed orizinally by scismolosists and uvsuzlly the
obzervations vere exnressed graphically as log{musher of emissian)
versus log(amplitude}. In generczl acoustic emission observations
chow a larse number of small amnlitudes but a much lowver number
of large amnlitude events. However the contribution of the for-
mer to the total energy of the emission can be relatively insig-
nificant. In the usual presentation in which the cumlative em-
iszion is nlotted ot fracture, the orecise distribGfIon of ampl-
itude and number of events is hidden.

In the nresent work an alternative method of acoustic emino—
ion event distribution is proposed. 'The carbon fibre epoxy com-
nesite undergoing flexurzl testing has some advantages for the
nresent work over a metollic material regarding in its anicotro-
nie structure and strength.

SLP TGN TAL

Che watericl used was HM- 8 carbon fibre in epoxy matrix (CIBA
TYS58 + HP 973). The lozded mould was nlaced in a pre-heated
presa, the plattens of which were thermostatically contrelled to
maintain a constant temmerature of 176°C. The chosen dwelling
time was 7 min, in order to minimize the voids content, and left
to cure for one hour. KNo post-curing treatment was carried out.
The specimen had a volume fraction of around AT %e. (3}
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The mechanical testing was flexural and carried out on a Mays
LUS0 S5=~ton load capacity universal testimg machine w1th a cross—
head speed of Q.85 mm/mln and span-depth ratio of 431

The accustic emission was monitored during flexural testing
using the apparatus briefly described in an earlier paper. A
sensor, PZT accelerometer, DJPF 1281 was held om the compression
side of the snecimen by an acoustic couvlant and a constant-load
soring., The output from the sensor was fed into a2 non-linear amp-
lifier with = time-delay cireuit via = band-nasa filter so that
only the first-helf wave of the emission malse would be register-
ed by the nulse height analyser of 200 chammels. During the test
photogranhic recording of the monitoring TV screen was taken whi-
ch qhow= a . hasiogrem of the number of emqulons and their ampli-
tude. The ﬂcouﬂglc emission energy released, y was caleula-
ted Trom w™/1T.V." where M. is the number of en1§Q1on wulses of
heiﬂhtgy.)dndlw is the an*ular frenuency. However in the calecula-
tion v" I= omitted cince the brnd-nzss filter was set to 1560-190
¥Hz, which is one of the resonsnt frecruencies of the sccelerometer

RESULTS and NDISCI3LIUN

Conventiornal amnlitude distribution in scountie emicsion ,which or-
izinpted in scismology, disnlays the number of acoustic emission
events versus the amnlitude on a log-log scale and ususlly such
records show monotoniCﬂlly % decrease vwith incressing auwmlitude
ng exvrensed by FIV) = A V7 V.. .(1) whiere ¥ in the munber of events
V the emnlitude and 4 vnd b are emwirical constants. The observ-
ed vnlue of b in various materials indicates a larse voristion
and 1t is nov necessarily 2 materisls constent., Wo nhysicrl men-
ning hes yet been stiributed to this power relotionshiy and a
farther comnlication is that the distribution shows bi-medol
distribution (1).

Fir 1 shows so-cplled manlitude distribution wnresented in o
conventionnl vay, the number of emnission And theixr nmnlitudes on
o lom-lom senle,for single erystals of Nefl during coanression
test. The data wes taken at the four stroins which cover three
gtzges of workt hrrdening involving the trﬂnsition from the ec
*11de to recond strze of work nerdening. A Vo8l aingle cryst 1
showe well defined three stages of worlk hardening, ard during
the ersy ~lide slin the herdening is intornreted in terms of the
lang-ranse stress between aislocetionz. In stoge 2 8lin occours
on additional systems ~nd it is susgested thet the hordenins is
controlled by the forced intersection of dislocations on obliaue
ayatens through the disloecation debris. If tamlitude distrion-
tion" in to be of ony velue the change of the hardening mechanism
mist be reflected in its b value besidesth-t of A,in ecuqtloﬂ(i),
however, as can be seen in Fir 1 the distinction 1r hardly visi-
ble.

3ince acoustic emission ig a relense of stress wave nulse.
from a specimen under influence of stress when local instability
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takes place in its structure {microstructure} therefore it is

more natural to consider the amount of energy involved with events
instezd of just considering the number of events. Also it appears
natural to consider the potential barrier height (energy level)

tn be overcome by the specific events instead of simple amnlitude.
The mechanisma take nlace in carbon fibre comnosites during load-
ing to the fracture are, the low energy events like collanse of
voids, failure of interfacial honding between matrix and reinforc-
ement and hismh =~ energy events like iracture of the reinforce-
ment. :

Fig ?a) shows the dota in CFRP vi iie conventional presenta-
tion of amnlitude distribution, firstly it can be noticed that it
is yuite impropable to draw any straight line in this cose ard
secondly the sisnificance in number, actually one gount, of hish
amnlitude mulse is insignificant in this wlot ond there is no w2y
to judge the contribution of events to the overall deform-tion or
frecture orocesg. However, in Fig 2b) the same dota is nlotted,
B, versus V.° on log-loz =mcale end now the Y scale, being the
eﬁgﬁﬁy unit, 1he significence of ench pulse and event is clearly
identifirble. The magnitude of energy release involved with one
gount of high ammlitude can be seen as cuite 2 sisnificront event
as regerds its energy content.

Phe veristion of event energy distribotion with increunsing
lozd, 2t four different louzd levels, is chovm in Fig 3. 1In the
flexural test, specially for the OFRP snecimen, there is » areat
degree of anisotrowny in strength, i.e. chear, conpression and
tensile strenaths, therefore, it is to be exnected thot the {raec-
ture of both reinforcement ~nd matrix will occur at the weaker
corpression side firat. In Fig 3 it can be seasn thet larme oner-
ay events have alresdy taken place atd gy =6.04, vhere 4 ic the load
apwlied and dgis the fracture load,:nd the small enerpgy events at
hirher load level may be cuuscd by the weclk evants in the tensile
sone. It ic =lso noticeable that even a small number of emisdions
vith larger energy content males far grester contribution to the
overall frzcture nrocess.

CONCLUSION

The adventage of this »resentution of "Event EZnergy Distribution®
with the prosress of deformation has been shown in carbon fivre
enoxy comnosite in the identification of snecific events teking
nlzce. The inadeguaey of the conventional nresentotion of ammli-
tude distribution during the three stages of work hafdening in a
single crystal of NaCl is shown by the insignificant variation of
b factor. However no quantitative relationship between acoustie
emigsion energy release and event energy level has yet been pro-
posed. Calibration of the sensor output relevant to the energy
of event recuires to be carried out. ’
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