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Experiments on the static deformation of metal samples reveal an inelastic
behavior at stresses well below the yield point, at the level of the resolution in terms
of the strain, Ae ~ 10~°. An inelastic strain of a relaxation nature arises in samples
subjected to a prior plastic deformation, while it disappears upon annealing.

The inelasticity of real solids is usually linked with their structural defects and the
motion of these defects in the course of the deformation.' This inelasticity may be
manifested both in dynamic experiments, as an internal friction during the excitation
of vibrations in the solid, and in static experiments, e.g., in the appearance of a time-
dependent strain at a constant stress. Static experiments are usually carried out either
at a high stress, above the yield point of the material, or temperatures close to the
melting point, at which the strain is relatively large, and there is no particular diffi-
culty in measuring it.

In the present letter we are reporting an experimental study of the relaxation of
the elastic strain which arises in polycrystalline metals upon the application of low
constant stresses ( ~0.1o;., where o is the yield point) at a temperature near room
temperature. We used a highly sensitive method for measuring small displacements.>
We studied polycrystalline samples of the steel 40KhNYu and the aluminum alloy
D16, since these materials have relatively high yield points. The shape of the samples
is shown in the inset in Fig. la. Also shown there is a schematic diagram of the loading
method. In this method, a cantilever (with geometric dimensions 50X 10X2 mm)
bends, and a nonuniform tensile and comprssional strain arises in it, distributed over
the cross section and along the length of the cantilever. A measure of this strain is the
displacement of the free end of the cantilever. This displacement is measured by mea-
suring the change in the capacitance between the cantilever and the conducting surface
of a quartz inset. The maximum strain which arises in the sample is shown in the
figures. The minimum change in strain which could be detected over a time interval of
3% 10* s was Ae~ 10°. The measurements were carried out at a constant temperature
of 40 4+ 0.02°C.

In experiments with annealed steel samples (7,,, = 950 K), the application of a
constant load caused only an elastic strain up to the yield point. We observed no
aftereffects at the level Ae~ 107°. After the samples were subjected to a plastic defor-
mation with a strain €, > 1107, their response to the application of a constant load
changed. An elastic aftereffect of a relaxation nature appeared. Figure la shows the
ratio of the inelastic component of the strain to the elastic component, €,/€,, versus
the time elapsed since the load was first applied to the sample, for various levels of the
preliminary plastic deformation. Within the measurement error, the maximum value
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FIG. 1. Time evolution of the ratio of the inelastic component of the strain to the elastic component during
(a) the application and (b) the removal of a load for a sample of the steel 40KhNYu (the elastic strain is
€, = 1x107*). I—Preliminary plastic deformation €, = 0; 2—¢, = 1 X107 % 3—¢, = 5x 107" Inset I)
Loading method; LIII) time dependence in logarithmic scale.

of the ratio €, /€, is independent of €, for €, from 5x 107 to 5X 10~ In this sense
we can say that the inelastic strain is linear. Because of this result, we can draw some

quantitative estimates from the bending experiments, in which case the strain is not
uniform over the volume of the sample.
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When the load was removed, and the stress in the sample decreased sharply to
zero and then remained constant, we also observed a relaxation of the strain, but the
change in the inelastic component over times ranging from 10 to 3X 10* s turned out
to be smaller than that during the loading (Fig. 1b). Subjecting the sample to several
loading-unloading cycles, we observed no buildup of a residuval strain due to an asym-
metry in the change in the strain during the loading and the withdrawal of the load.
When the load is removed, the inelastic component of the strain apparently equalizes
at an earlier time (#< 10 s). The state of the sample after the deformation is thus
restored completely, although we do observe a hysteresis in the time dependence of the
inelastic strain.

Corresponding results were obtained during deformation of the aluminum alloy
D16. Again in this case, a relaxing strain appeared after a preliminary plastic deforma-
tion of the sample. This relaxing strain was not observed in annealed samples. The
aluminum alloy differs from the steel in the magnitude of the inelastic component of
the strain and also in the time evolution.

The time evolution found for the inelastic strain cannot be described by a stan-
dard relaxation formula ¢, ~[1 —exp( — ¢ /7)] with single relaxation time 7. The
same curves are shown in logarithmic time scale in the inset in Figs. 1a and 1b. We see
that the time dependence of the inelastic component of the strain can be described well
by a logarithmic law over the interval from 10 to 10* s. This result is evidence that the
corresponding processes responsible for the relaxation of the strain have a broad spec-
trum of relaxation times, ranging up to £~ 3 10* s. For the aluminum alloy, the curve
of ¢, () is slightly different from logarithmic, indicating a narrower distribution of
relaxation times, near 7~ 10 s. The inelastic effects which are observed should also be
manifested in dynamic experiments, through an increase in the internal friction during
periodic deformation. In that case, however, these effects would be difficult to study
since the inelastic strain found in our experiment corresponds to the insertion of an
attenuation

m d€,~ —q

_71~ R
Q T2, dIn(t)”

2

which would be close to or below the background level for dynamic experiments in
measurements at frequencies w ~7 ' (Ref. 1). The sensitivity to the degree of prelimi-
nary plastic deformation and to the annealing indicates that the inelastic phenomena
observed in these experiments are of a dislocation nature. Several modes involving the
motion of dislocations in the field of point defects have been proposed to describe the
plastic deformation and the creep of solids which occur at high stress levels.* Those
models, however, have been restricted to fairly general representations, since in these
cases the defect structure of the sample changes, and these changes are difficult to take
into account. The results reported here show that the inelastic deformation at low
stress levels has a broad spectrum of relaxation times. The conclusion points to mecha-
nisms involving thermally activated transitions of dislocation segments between meta-
stable states.*
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