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Stress distribution on austenitic stainless steel during plastic deformation

Fu Dianyu', Jiang Peng', Sun Yong', Ling Yunhan', Sun Weiling', Deng Xiaoting”
(1. Beijing Mechanical and Electrical Research Institute Co. , Ltd. CAM, Beijing 100083, China;
2. Material Science and Engineering, Shenyang Ligong University, Shenyang 110168, China)

Abstract: In order to study the stress distribution laws of austenitic stainless steel after deformation and the relationship with martensitic
transformation behavior, the residual stress of deformed austenitic stainless steel plate was measured and analyzed, and the microstructure
was observed in the corresponding deformation area. During the test, the uniaxial tensile test of austenitic stainless steel plate was carried
out, and the stress values under different deformation conditions were analyzed by non-destructive testing method of X-ray diffraction
(XRD). Finally, the verification analysis was carried out by finite element simulation, and the stress distribution laws under different de-
formation conditions were obtained. The results show that the deformation degree, deformation temperature, microstructure phase transition
and other factors have certain influence on the stress distribution laws after deformation. Furthermore, with the increasing of tensile load,
the deformation complexity increases, the unevenness of residual stress distribution increases, and the measured stress value increases. In
addition, with the increasing of temperature, the microstructure of the material itself changes, and the stress value decreases.
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Table 1 Chemical compositions of 304 stainless steel

( %, mass fraction)

C Mn P Cu S Si Ni Cr Fe

0.05 1.12 0.034 0.112 0.001 0.47 8.08 18.3 #AHE
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Fig. 1  Dimensions of tensile specimen
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Fig.2  Stress-strain curve of 304 stainless steel
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Fig. 3 Principle diagram of X-ray diffraction
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Fig. 4 Positions and directions for residual stress test of specimen
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Table 2 Stress values of specimens measured at room

temperature

I 5 N 71{E/MPa
1-1-1 160
1-1-2 97
1-1-3 80
1-2-1 140
1-2-2 94
1-2-3 71
1-3-1 220
1-3-2 210
1-3-3 176
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Fig. 5 Metallographic structure after tension under load of 250 MPa
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Fig. 6 Metallographic structure after tension under load of 350 MPa
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Fig. 7 Metallographic structure after tension under load of 450 MPa
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Fig. 8 Relationship between residual stress and true strain under

different deformation temperatures at strain rate of 0. 001 s~
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Fig. 9 Variation of residual stress distribution under different deformation degrees

(a) Deformation degree of 55%
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Fig. 10 Residual stress distribution after unloading
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(b) Deformation degree of 60%
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Fig. 11 Comparison between simulated residual stress distribution and

test measurement values
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Fig. 12 Comparison between residual stress test values and

simulated values under different deformation conditions
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