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Computer Simulation of High-temperature Deformation Behavior of
Austenitic Stainless Steel

Tomoyuki TAKEUCHI, Yoshio MONMA and Masao SAKAMOTO

Synopsis :

A computer simulation system which calculates the high-temperature tensile deformation of austenitic
stainless steel has been developed on the basis of a dislocation modeling. Plastic deformation by the
external force is expressed by the flow of dislocations, and the load-deformation curves are
computed as the reaction of material to a tensile testing machine. The formation of internal stress by
work hardening and its recovery is represented by a cell structure model in which the framework is
constructed by edge dislocation dipoles. The model also accounts for the temperature dependence of the
effective stress by three types of dislocation motion; free, pinning and dragging. The simulation system
outputs computed curves of load-elongation and creep strain-time relation for the conventional tensile
and creep tests. By selectiong suitable parameters in the model, the system is designed to allow us to
predict the stress-strain and creep-rupture behavior of austenitic stainless steel. The model is so
flexible that we can obtain good curve fitting to the experimental data of NRIM Creep Data Sheet.
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Fig. 1. Fundamental concept of computer simula-
tion for deformation behavior of metals and alloys.
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Fig. 3. Temperature dependence of ultimate
tensile strength for SUS304H steel®. The strain
rate is 6 X102 m/s.
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Fig. 4. Temperature  dependence of  work

hardening coefficients for a constant crosshead
speed test, for the initial stage (k) and the later
stage (hy) work hardening. Dashed curve shows
h expected from the behavior in Fig. 3, and solid
curve is an approximation adopted in the model.
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Creep Tension
F Ax: displacement unit D
<force control > [K: machine stiffness {<displacement control >
fa: applied force |L: specimen length Ax/At = cross-head speed
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Fig. 5. Flow chart of computer simulation procedure for deformation curves of

the model material.
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-
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g"- 10}+ 56 4 Free motion of dislocation
o Yield shear stress at 0K 7 200 MPa
—_ 43 Activation volume Ve 3X10%8 g3
L 5 32 Dragging motion of dislocation o ‘
] Activation energy Ep 3X107 ' J/atom
Activation volume Vp 5X10728 pd
Pinning by solute atoms 2
0 b= 1 L L Activation energy Ep  9X107°% J/atom
4 8 0 12 Annihilation of edge dislocation dipole
1 02 10 1 06 10 10 10 Activation energy U 4X10719 J/atom
Time ( s ) Attraction energy Us 2X1071° J/atom

Fig. 7. Computed creep curves at 600°C for the
model material. The cusps indicate the onset of
tertiary creep.
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Fig. 8. Creep curves of the model
material in normalized time scale.

Fig. 9. Stress versus time to rupture
for the model material. Dashed curves
are corresponding experi-mental data
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