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In the present work the acoustic emission (AE) method has beed in the plastic in-
stability investigations related to the Portevin—Le Chétephenomenon (PL effect, non-
homogeneous strain, jerky flow) occurring in polycrystalialuminium alloys subjected to
tensile tests at ambient temperature. There have beenvebseery essential correlations
between AE and PL phenomena and a strong anisotropy of be#e teffects in samples
cut at various angles with respect to the initial rollingedition has been found. The results
of AE measurements were obtained using a new AE analyserfand,few samples, they
have been compared with those obtained applying an analyséder generation, used till
now. Moreover, the new software allowed additionally torganut the analysis of single AE
events, which, in turn, created better possibility to deiae the relations between the non-
homogeneous strain mechanisms of the PL type and the meaigaf AE events generation.
The results are discussed also in the context of the existingdels of the PL effect and the
theoretical concepts of AE sources.

Key words: acoustic emission (AE), non-homogeneous strain, Poré@rChatelier phe-
nomenon (PL effect), jerky flow, tensile test, aluminiunog, dislocations.

1. Introduction

The acoustic emission (AE) method is still useful in the investigations of thre mo
physical aspects of the strain localization phenomena, particularly wiherafe to the
PL effect (e.g. [9, 10, 13, 14]) as well as to the shear bands or tieimsed during
channel-die compression of metals in low temperatures [11, 12]. Indfdtiese last
works the strong correlation between the drops of external load ancetiles @f AE
has been observed, similarly as it was signalised earlier in the papefhf&E exist
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no commonly accepted models which could be used to describe the plomisas of
both PL and AE effects.

Most of these models (e.g. [1, 4, 8]) are of phenomenologicabdbar and none of
them explains clearly the physical mechanisms of the formation andgatpa of the
related deformation bands and which would be coherent with the modeie eburces
of AE. Moreover, to our knowledge, there are no any reports in aveil#brature on
the suggestion that both PL and AE phenomena can reveal some guisptaperties.

There are two important, basic parameters characteristic for the Rit.éffee first
one is the waiting timet,,, which is involved in the expression for strain ratein the
following way:

& =bpL/(tw +ty), (1)
wherep is the density of mobile dislocations; is the flying time of dislocations on the
distancel between the obstacles (i.e. forest dislocations in the cafe afetals) and
b is the magnitude of the Burgers vector of dislocation. The waiting timeés related
mainly to the interaction of mobile dislocations with both forest dislocations aad th
solute atoms as well as with the activation enegfor the obstacle overcoming.

The second important parameter is the critical strainat which the PL effect is
beginning. Then the waiting timg, reaches the value of ageing timg and all the
so far active dislocation sources are locked by solute atom atmospltgres ty).
The critical straire. may be then expressed by the well known general expression (see
e.g. [2]):

(5c)m+ﬁ = Aé exp(Ep,/kT), (2)
whereA is a constant andl,,, is the migration energy of the vacancy. Equation (2) is in
good agreement with most experiments and(ther ) values are between 2 and 3 for
substitutional, and between 0.5 and 1 for interstitial alloys, respectively.

The main aim of this work is the confirmation of the anisotropic behaviourePth
and AE effects reported at the first time in [6, 10]. In this paper the attéongxplain
the correlations between the AE and PL effects has been also curried out.

2. Experimental procedure and results

The tensile tests were carried out with tenfold plane specimens using thkastan
INSTRON-6025 type machine. In each test the rate of the traversetofgesachine
was 2 mm/min. The two series each of five specimens were examine(irStrene of
polycrystallinea-brass Cuzn30, obtained by HCC technology (Horizontal Continuous
Casting), were tested by applying the so far used AE analyser, anddedsseries of
the samples of polycrystalline aluminium alloys of PA11 type were tested jbyiag
of new AE analyser. The samples in each series were obtained by cuttimgtfe sheet
along the directions forming the following angles; @2.5, 45°, 67.5 and 90 with
respect to the rolling direction. Each specimen was of the gauge léngth90 mm
(overall lengthl, = 105 mm), by = 20 mm width andzy = 3.50 mm thickness.

For each testing sample, simultaneously with the measurement of thesdxéeisile
force, the basic AE parameter, i.e. the rate of AE evedt§, /At¢, was continuously
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detected. Other important parameters of an older type of AE measwysitens were:
total amplification 88 dB, threshold voltage 1.21 V, and the broad-barmbgliectric
sensor which permits to detect the AE pulses within the range from 100 @ KD
for more details see also [10—13]). On the other hand, using a new @lizsan, the RMS
voltage parameter of AE signal was additionally measured; for many passibilities
of a new analyser see also in our other paper in this issue [15].

Figure 1 shows the AE behaviour, external force and the total sum au&hts in
the Cuzn30 samples cutting at the angle= 22.5° for which the critical straire,.. is
minimal (Fig. 1a) and the total sum of AE evemis’. reaches a maximum (Fig. 1b) in
the respect to the AE behaviour for other cutting angles (not preseatedfor more
details see [10]). This means that the PL effect exhibit some anisofpopperty. The
anisotropic behaviour of the PL effect is visible also in Fig. 2 and 3 whsneijarly,
but for the PA11 type of samples, the AE behaviour (Figs. 2b, c) andxteznal force
(Fig. 2a) are illustrated for such a cutting angle at which the both AE actinitlythe
drops of external force are maximal. This is clearly visible when comgédfig. 2a
and Fig. 2b, respectively, with corresponding Fig. 3a and Fig. 3brentne mentioned
guantities are minimal. However, in the case of PA1l alloys the maximum dbthake
sum of AE events is displaced to the angle= 45°. It is visible in the Table 1, where
also the results for PA2 alloy are presented, firstly, to compare with otisefts and,
secondly, to show that the anisotropic properties of PL effect in PA2ialum alloys
are maximal also fof = 22.5°, thus similarly as in the case of CuzZn30 alloys.
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Fig. 1. EA and PL phenomena (a) and the corresponding sum @¢bAE polycrystallinen-CuzZn30 brass
specimens cutting at the angle= 22.5°.

One can see that the anisotropic property appears at the differdas dmgvarious
materials, even for the same material but obtained using another tegignatoin the
case, for example, the-brass CuzZn30 samples obtained by conventional technology
[10], where the maximal anisotropy was observed at the ahete67.5°. The explana-
tion of the anisotropic behaviours of AE and PL effects will be possible tifeedetailed
analysis of the texture of theses materials. This problem is one of the imppet& of
the actually realized research project financed by the Scientific Rbs€armmittee
(grant No. 3 TO8A 032 28).
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Table 1. The influence of the specimen orientation on the total sum Bfefents for PA11 and PA2
aluminium alloys during the PL effect.

Orientation ° o o ° o
(cutting angles) 0 22.5 45 67 90
Total sumX. for PA11 | 3400 | 3500 | 8020 | 2520 | 4500
Total sumX. for PA2 7600 | 22000 | 448 | 9500 | 2400
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Fig. 2. The external force (a), the rate of AE events (b) aedRMS (c) parameters during tensile defor-
mation of PA11 sample cutting at the angle= 45° in respect to the rolling direction.
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Fig. 3. The external force (a) and the rate of AE events (bindutensile deformation of PA11 sample
cutting at the angle = 67.5° in respect to the rolling direction.
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3. Discussion

Two main concepts of AE sources can be considered. First, accaalitng Es-
HELBY theory [3], says that the vibrating (or accelerating) dislocation kink gees
the acoustic waves, and the rakg,of the acoustic energy radiation is given by:

P = ym/{(dv/dt)?), 3)

whereuw is the kink velocity,y is a constant aneh is the kink effective mass. Second
one says, according to thealNsik and GHISHKO theory [7], that the acoustic enerdy,
released due to the annihilation of two opposite dislocations is given apatetinby:

E=MV?)2, (4)

where M is the effective mass of dislocation unit length dnds the relative velocity
of dislocations before annihilation. The same formula can be used in seeatahe
escape of dislocations from the specimen to its free surface. The physiture of
both PL and AE phenomena is very similar and it is related to the dynamic disloe
dislocation interaction (processes of collective acceleration and annih)lasowvell as
to the dynamic interaction of diffusing solute atoms and the mobile dislocatinsin

agreement with the old Cottrell idea that the PL effect begins at the stré@m which

the solute atoms can form atmospheres around the mobile dislocationsgldbkim

efficiently, and after the unlocking the process is repeated.

We can discuss the obtained results using the propositions presentedearier
papers [11, 12], in which it has been suggested that the contributione taghsured
AE signals are the dislocation acceleration and mainly the surface annihitdtais-
locations. In the case of a PL effect, the AE activity takes place nearly dtginning
and it is hold in the whole range of PL deformation (Fig. 1a, 2b and 3b).

Below, we show that such an AE behaviour is in agreement with the simpealis
tion dynamic model of PL effect [13], proposed earlier by one of thtbars. According
to this model, each drop of the external force, appearing on the foneeeurve, is re-
lated to the unlocking of the dislocation sources within some localized placesof th
sample, where simultaneously a high stress concentration is formeahekhdisloca-
tion sources become unlocked due to the transmission of the stresszatioa which
leads to high dynamics of the generated dislocations. In consequede&ranation
band is formed and propagates up to the time moment when the waiting tinsgain
reaches the value of the ageing time The strain rate in the deformation badd, is
now greater than the strain ratgiven by Eq. (1) due to the effect of high dynamics. In
this way the drop of external load appears on the force-time curve, sincerding to
the Penning equation:

K 'dr/dt +é,=¢ (5)

we havedr/dt < 0 for ¢, > ¢; K is the stiffness coefficient of the tensile system.
The high dislocation dynamics means also that they can resolve gredrations
due to the dislocation-dislocation interaction, giving thus the contribution to the A
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peak, generally, according to Eq. (3). The annihilation of the dislocatigments, when
the dislocation loops are broken off from the Frank-Read source gfiecontribution
to the AE peak, generally, according to formula (4). However, the tution due to the
annihilation is greater than the one due to the acceleration, since the forstemigly
enhanced by the surface annihilation of dislocations as in the case of pisecstation
due to the slip lines and slip bands formation which is a quite efficient [11sdi2ice
of AE events, generally also according to the formulae (4). Moreawisrinteresting
to note that this supposition is quite compatible with the results of the papertgfew
the role of the surface in the AE phenomenon during plastic deformatiometdls is
clearly evidenced.

A more detailed discussion of the problem of the anisotropy of AE and R ph
nomena, based on texture analysis carried out for all cutting anglefoawdrious
aluminium alloys, is considered in the framework of the mentioned grashtnalh be
successively presented in further papers.

4. Conclusions

1. The enhanced AE activity has been observed in both CuznrBfass and PA2
aluminium alloy samples at the cutting angle 22aBd in PA11 aluminium alloy sam-
ples at the angle 24%etween the specimen axis and the rolling direction.

2. The anisotropy of the PL and the AE effects is related with the maximag \alu
the total sum of AE events and the maximal drops of the external force.

3. The correlations between the jerks of external load and the peakis ofay be
interpreted on the basis of the dislocation models of AE source in termsroéetary
dislocation annihilation and acceleration processes.

4. The proposed interpretation of the AE behaviour is in good agreewignthe
simple model of the PL phenomenon.
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