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Abstract

In  this paper, the constitutive equation is developed to analyze the
characteristics of strain—induced plasticity in the range of low temperature of 316
stainless steel. The practical usefulness of the developed equations is evaluated
by the comparison between experimental and numerical results. For 316 stainless
steel, constitutive equations, which represent the characteristics of nonlinear
material behavior under the cryogenic temperature environment, are developed
using the Bodner's plasticity model. In order to predict the material behaviour such
as damage accumulation, Bodner—Chan's damage model is implemented to the
developed constitutive equations. Based on the developed constitutive equations,
3-D finite element analysis program is developed, and verified using experimental

results.
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Fig. 1 A Schematic of stress—strain relationship of
316 stainless steel under cryogenic environment
and comparison of constitutive models
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IHE NS HSE2AHS 98 2COFE 2428 N

Table 1 Experimental results of 316 stainless steel tensile test

Ultimate Young's Modulus
T t K Yield st MP
smperature (K) leld stress (MPa) tensile stress (MPa) (GPa)
223 399.6 851.2 218.5
173 434.8 1041.1 200.5
143 470.0 1160.5 199.5
113 486.6 - 206.6
Table 2 Material parameters for plastic constitutive equation
Tem‘zigawre R, R ZMPa)  Z'MPa)  Z(MPa)  €.(%)  €.,(%)
223 1.5 1.2 900 1500 1850 0.57 0.12
173 1.6 1.5 1000 1500 2450 0.49 0.1
143 2.0 2.1 1250 1600 2530 0.38 0.10
113 2.5 2.3 1250 1600 2800 0.33 0.10
Table 3 Material parameters for damage evolution equation
Temperature (K) F H v o 8
223 1 2.0 x10%° 5.15 0 0.75
173 1 2.0 10%° 4.94 0 0.75
143 1 2.0 x10%° 4.92 0 0.75
113 1 2.0 x10%° 4.88 0 0.75
§ 1000 i % i . ﬂ.} o X
; w00 | WW\ :» 800 —| r \
g 1 J & ] A
A eon | M \\ 1 R /"ﬂ/
7/‘/ o | At 173K
o Aok | — Cohn
a | T T T 1 T T T T T T ° T T [ T I T I T I T [ T I T |
o 01 0z 0.3 StraUlAn,S s 06 o7 s Strain)g
Fig. 4 Comparison of  stress-strain Fig. 5 Comparison of  stress-strain

relationship between numerical simulation

and experimental results at 223K

relationship between numerical simulation

and experimental results at 173K
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