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Its Computer Simulation
Synopsis :

Koji SHIBATA and Toshio Fuiita

Computer simulation of serrated plastic flow at very low temperatures has been investigated by compar-
ing it with the deformation curves of Fe-Ni binary alloys obtained in some coolants such as liquid helium.
Simulation was carried out by dividing a specimen into small elements and calculating repeatedly some
equations concerning the amount of deformation and the temperature change of each element during a short
period of time. The equations were derived basically from the thermally activated dislocation motion and
from the heat balance among heats converted from mechanical work, conducted in a specimen and exchanged
with the coolant. It was concluded that the behavior of the serration and the accompanied phenomena could
be reproduced fairly well by the simulation which did not have unreasonable assumption, whereas details of
dislocation motion at cryogenic temperatures has not been clarified. The effects of some factors on the

serration were discussed by using the simulation.

Key words: plastic deformation; mechanical testing; computer; simulation; high alloy steel; low tem-
perature ; helium; serration; stress-strain curve ; tensile testing.
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Table 1. Chemical composition in wt%.

Alloys Ni C N Al Fe
A 41.7 0.001 0.0007 0.052 Balance
B 39.5 0.001 0.0007 0.051 Balance
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(2) and (b) show elements of the specimen before and after the de-
formation during At, respectively. (b-1) : Without considering
the constraint, (b-2) : After considering the constraint, (b-3) :
After deforming the element geometry for computation conveni-
ence.

Fig. 1. Schematic diagrams showing simulation process of

considering deformation constraint.
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xRS E, BOBOBIZF 1.3X107% 1.6X1074
cal/ (g'K) TH%.
2-3 FHBEICAVENTA—2—ND

A EDEEIZBWTHWL T A—F—DfER T &
% T Table 2 IZ/RT. 0o DfHIZ AE4 350 MPa, B&
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Table 2. Typical values of parameters used in the simulations.

Parameters Values
Eg 0.3X10° (MPa)
Sro 0.032X (z/4) (m2)
Lgo 0.5 (m)

E 1.42X10° (MPa)
S ' 0.0052X (/4) (m2)
Lo 0.01 (m)

v=AY/AL 1.0X107* (ms™1) *
o 101! (m-2)

a 1011 (m_Z)

w 1.5%10-° (MPa-m2)
Ag 2.12%10"7 (m2s!)
Uy 3.6X10* (J-mol?)

*Strain rate in elastic range=3X10-3s
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Fig. 2. Stress-elongation curves of alloys A and B.
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Fig. 3. Temperature dependence of 0.2% proof stress of
alloys A and B. '
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Fig. 4. Stress-elongation curves of alloy A with different
diameter.
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(a) is for alloy A and (b) for alloy B.
Fig. 5. Stress-elongation and temperature-elongation
curves obtained by the simulation.
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Fig. 6. Simulated profiles of diameter and temperature in
the axial direction of the specimen of alloy B at the instant
of elongating by 3% in liquid helium.
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Fig. 7. Simulated stress-elongation curves of specimens
with different diameter.
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Fig. 8. Simulated stress-elongation curves showing the
effects of strength level and specific heat. In the calcula-
tion, input of the values of parameters concerning strength
level were performed independently from Ni content which
was treated to affect only specific heat.
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actuator.
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