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1. Introduction

The technique of acoustic emission (AE) is still currently applied to the
investigations of the plastic deformation of metals and alloys (e.g. [1, 2]). One of the
controversial problems is the explanation of the influence of grain size on the acoustic
emission (AE) activity [3, 4]. Some of the experimental results indicate that AE
increases with diminishing grain size; however, there are cases where an increase of AE
has been observed with increasing grain size. WADLEY et al. [3] suggested that
a reduction in grain size and, consequently, diminishing of the area of the individual
dislocations slips should lead to a reduction in AE activity. The controversy lies in the
fact that on the other hand, Gillis [4] suggested that if two polycrystals differing only in
grain size d, becom deformed to the same value of strain, &, (e=bp,, L=const, b— the
Burgers vector, p,, — mobile dislocation density, L =~ d — mean free path of
dislocation), then more dislocation segments must be activated in a smaller grain,
hence the AE activity in a greater grain should be smaller.

Recently [5], it has been suggested that the problem may be considered on the basis
of the concept of AE where the origins of AE sources during plastic deformation are
considered mainly as the results of dislocation annihilation processes which are
accompanied by the operation of the dislocation sources (e.g. Frank — Read type). In
this paper we present, qualitatively, that the experimentally observed AE activity in
technically pure polycrystalline copper is greater in the material of a smaller grain size
than in that of greater one, and that this result may be quite well explained on the basis
of the dislocation annihilation concept of AE sources. Moreover, using the same
concept of AE, some suggestions about the possibility of the inverse dependence of AE
on the grain size has also been briefly discussed.
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2. Experiments and results

Three kinds of plane specimens of standard sizes (100 mm x 10 mm x 1 mm) were
performed. Each of them was annealed for 45 min in air: the first at 400°C, the second
at 600°C and the third one at 850°C. This way we obtained the samples of three
different grain size, arbitrarily referred hereafter to as small, average and large grained
material, respectively. The specimens were deformed at room temperature using the
standard testing machine of INSTRON type. Tensile tests were carried out at constant
strainrateé = 1.5x 107 4s™ ! and the AE parameter AN/4¢, i.e., the number AN of AE
enevents detected in a time interval A¢, was measured simultaneously. The AE impulses
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Fig. 1. AE and force characteristics for a small grained polycrystalline copper.
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were detected by using the broad-band (from 50 kHz to 600 kHz) piezoelectric sensor
in At=1 s time intervals. The threshold voltage of the discriminator was 0.73 V and the
total amplification including the preamplifier was 94 dB; for more details about the AE
apparatus see [6].

Figures 1 to 3 show the behaviour of both AE activity and tensile force during the
deformation of the samples of small, average and large grain size, respectively.
Comparing these figures we can state that the AE activity is greater in the sample of
smaller grain and that this fact seems to be correlated with the plasticity feature, i.e.,
the total elongation of the sample of greater grain is also smaller than of the sample of
smaller grain. However, on the other hand, we realize that this correlation may be of
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Fig. 2. AE and force characteristics for a polycrystalline copper of intermediate grain size.
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Fig. 3. AE and force characteristics for a large grained polycrystalline copper.

virtual and incidental character but, nevertheless, we should like to discuss this
problem also on the basis of the dislocation annihilation concept of AE source.

3. Discussion

We would like to show here that the presented observations of AE dependence on
the grain size in technically pure polycrystalline copper may be satisfactorily explained
on the basis of the dislocation annihilation concept of the sources of AE during plastic
deformation. This concept is based on both experimental results obtained by Boiko et
al.[7, 8, 9] and the theoretical results of calculations carried out by Natsik et al. [10, 11]
and this way it was developed and extended to the case of plastic deformation of metals
(see for details[12, 13, 14, 15]). The essence of this concept is the fact that the AE events
are induced mainly by the processes of dislocation segment annihilation occurring
during the operation of the Frank-Read sources each time when dislocation loops are
released from the source (for a detailed description of this mechanism (see[16, 17]) [The
concept includes also the possibility of the annihilation processes occurring during the
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escape of dislocation from the specimen to its free surface we do not exclude either that
some contribution to the detected AE pulses may originate by other dislocation
processes related, for example to the non-stationary movement of dislocations).

In order to explain the AE dependence on the grain size, it is very reasonable to
assume that the length, /, ; of the dislocation segments, the annihilation of which induces
the AE events, and which is required for the closing of the dislocation loop (see Fig. 4a),
is proportional to the length, /, of the dislocation segment being potentially the
Frank — Read source, i.e., [,z = alp, where a is a factor independent of the grain size.

Using well-known relations for plastic flow stress [20]
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F
and [21]
¢ = o, + kd 12, @)

pis a shear modulus, p is dislocation density, o, is glide resistance for dislocations, and
k is microscopic stress intensity factor, we may state that the total number of AE events
detected in a given time period in both large and small grain (hence up to the same value
of strain, &, since the strain rate, & was always constant) should be greater in a small
grain because in this grain the total number of the activated Frank-Read sources,
determined by the function n(/) of the source length distribution (see the schematic
illustration in Fig. 4b), is greater than in a large grain.

Such an interpretation should be valid provided the distribution function n(/) is
not drastically changed from the small grain to the large one. Our explanation is then
convergent with the interpretation given by GiLuis [4] since the density of dislocations
activated to achieve a given strain is, according to the scheme in Fig. 4b, equal to
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b,

and thus in the small grain it is greater than the corresponding density

oL T n(ly) dly, @

in the large grain. However, our explanation is more general since the one given by
Givruis [4] is valid under the assumption that the mean free path of dislocation is equal
to the average size of the grain which is not always satisfied, particularly in very large
grained materials.

On the other hand, if the distribution function n(/;) were drastically different in
both grains, then our interpretation would give the possibility of an occurrence of the
inversed AE dependence on the grain size. Such a situation is shown schematically in
Fig. 4c, where the density of dislocations activated is, of course, greater in a smaller
grain but it is possible that the number n(/;) of dislocation segments activated as



n(l,) b)

1T

T Py,

T

T

INRERNEIneS
P 4

nll.)

c)

~m

Fig. 4. A schematic illustration of the dislocation annihilation process during the operation of

a Frank —Read source (a); (b) — the case when the function of source length distribution is the same for

different grain sizes, and (c) — the case when this function is drastically changed from the one grain (F, ) to
another (F,).
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Frank — Read sources — and so the total number n(/,) of AE events — is greater in
a large grain than in a smaller one.

Now we discuss briefly the possible correlation of AE to the plasticity feature, i.e.,
to the total elongation of the sample up to the fracture. The fact that the strain
localization, leading to the fracture, occurs faster in a large grain in pure polycrystal-
line metals than in a small one (e.g. [18]) has been experimentally stated. There are two
reasons for this. First, the size of the local ”geometric defect” formed at a free surface
of a large grained specimen (e.g. due to the operation of two slip systems at least) is
deeper than the size of such a geometric effect” formed at the same time in a small
grained specimen; hence in the former case the tendency to necking and fracture is
faster. Second, the number of adjacent grains belonging to a given grain in a large
grained sample is smaller than the number of grains surroundings a given grain in
a small grained sample, and thus the changes in grain orientations caused by their
rotation as well as the possibility for slip transfer from one grain to another are easier in
the large grained material. Then also a ,,transcrystallographic” slip, if required for
macroscopic strain localization, may occur in an easy way. One can see that the
dislocation processes responsible for AE and for total elongation are, in fact different
in nature, and the correlation between AE behaviour and this plasticity feature seems
to be rather virtual and incidental, though we do not exclude that the inverse
dependence of AE on the grain size (reported, e.g. in [4]) may be related to the inverse
dependence of total elongation on the grain size i.e. the faster tendency to strain
localization in a small grained material, evidenced in some alloys of low stacking fault
energy, e.g. in [19].

4. Conclusions

The general conclusion from the experimental observations presented here of AE
dependence on the grain size can probably be that this dependence may be explained
qualitatively on the basis of the dislocation annihilation concept of AE sources. Other
considerations about the inverse dependence of AE on grain size as well as the
statement on a probable lack of the correlation between the AE and the total
elongation are only of predictional character and they must be experimentally verified
in further investigations.
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