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STRESSSTRAIN CURVE AND STORED ENERGY DURING UNIAXIAL
DEFORMATION OF POLYCRYSTALS

W. Oliferuk, M. Maj
Inditute of Fundanental Technological Research, Warsaw, Poland

1. Introduction

A pottion of the mechanicd energy expended on plastic deformation is relessed as a hed and
theremainder is stored in the material. The stored energy is an essential feaure of cold worked gate
and represents the changein theinternd energy of the material.

The measurement of the stored energy is usudly laborious and complicaed therefore many
authors have tried to cdculate the stored energy from stressstrain curve thoughthe curve does not
contain information abou the energy converted into a hed [1-3]. On the other hand both the strain
hardening and stored energy of cold work are assodated with the credion of lattice imperfedions
Thus an attempt to find connedion between stored energy and stressstrain curve seems to be
judified.

The aim of this work is to answer the question what information about the stored energy can
be deived from stressstrain curve. Results of theoreticd study will be interpreted in terms of
energy storage mechanisms and will be compared with stored energy determined experimentally
during uniaxial tendon.

2. Energy balanceduring deformation

The theoreticd analysis of energy bdance for eastic-perfedly plastic material has been
peformed. The curve shown in Fig. 1 istypicd for ‘load-unload cycle' for elastic-perfedly plastic
materia subjeced to theload F.
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Fig. 1. Generdlized load versus generalized displacement curve.

It has been shown tha in the case of elastic-pefedly plastic material thetotal stored energy is equd
to:

1) E, :WAEB—ITé‘p :dédv,
VvV 0

where £° isthelocd ided plastic strain, what means that thetotal energy expended on this strain is
conveted into a hea, o is thelocd stresstensor and V is the volume of the gauge part of the
spedmen.
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It should be noticed that the energy W,, can be cdculated diredly from experimentally

obtained stressstrain curve (areaAEB in Fig. 1).
It hasbeen shown that the energy W,.; is conneded with internal stressfield generated during non-

homogeneous plagic deformation. Performed analysis has shown that, on the bads of the stress
strain curve, it is impossble to derive the energy stored during homogeneous deformation (the
energy of statisticdly stored dislocaions).

3. Experimental results

The stored energy e, was determined as a diff erence between the medhanica energy
expended on pladic deformation w,, and the energy disspated asahea g,

(2) es = Wp - qd !
where g, w,, g, are spedfi c quantities

The pladic work wasdetermined on the bads of stressstrain-curve. The energy g, wasdetermined

by simulating the processof spedmen heaing during deformation by means of controlled supdy of
eledricd power in such a way that the temperature increasewith time during the simulation was
identicd to that measired during the tensile teg [4]. The temperature distribution on the spedmen
surfacewasdetermined using IR thermographic system.

a) b) :
L6 L)

0
R . g e "
43 K ) o

+
e
+ . gt et
¥ - o+
+* o feas ™
-

e
00 4 00

1 ¥
. 1] IR
o ++ 13 bt
0 ettt i“,“ﬂ

0.0

0.00 0.02 0.04 0.06 0.08 010 0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08
True plastic strain In((1 Al )/1,) True plastic strain In((l ,+Al)1,) True plastic strain In((1 ;+1,)/1,)

Fig. 2. The part of stored energy cdculated from stressstrain curve and the measired total stored
energy versus plagic strain for: @) 316., b) 304L andc) Ti.

The reallts of total stored energy measirements performed on the 316L and 304L austenitic
stainlesssteds and titanium, were compared with that obtained on the bads the theoreticd analysis
(Fig. 2). It is shown that the stored energy, conneded with norrhomogeneous plagic deformation,
cdculated from stressstrain curve for al tesed materias is smaler than the total stored energy
determined experimentally.
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