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Residual stress analysis of TIG welded joints of SMA490BW weathering steel

Ma Long
(CRRC Qingdao Sifang Co., Ltd., Qingdao 266111, Shandong, China)

Abstract: [Objective] The purpose was to evaluate fatigue life of TIG welded joints of SMA490BW weathering steel. [Methods] Three
methods, namely blind hole method, X-ray method and finite element analysis, were used to analyze welding residual stress of TIG welded
joints of SMA490BW weathering steel, and changes of residual stress caused by cutting small specimens were analyzed. [Results] The results
showed that longitudinal residual stress of SMA490BW weathering steel approached yield strength of material at the peak tensile stress in weld,
and rapidly decreased and further transformed into compressive stress away from the center of weld. This distribution pattern was a typical
characteristic of longitudinal residual stress distribution. Full size small specimens were cut by wire cutting on the overall test panel for fatigue
testing. The peak value of longitudinal residual stress on small specimens was close to 230 MPa, which was about 70% of yield strength.
Transverse distribution pattern of longitudinal residual stress remained unchanged. [Conclusion] Analysis results of this finite element model
established in this section were in good agreement with test data, it was confirmed that the heat source model and mechanical boundary

conditions of the model were close to actual process. Accuracy and correctness with this calculation model could be guaranteed.
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Tab. 1 Chemical composition of SMA490BW base metal and CHW-55CNH welding wire (wt. %)
R C Si Mn P Cu Cr Ni
SMA490BW <0.18 0.15~0.65 <l4 <0.035 <0.035 0.30 ~0.50 0.45~0.75 0.05~0.30
CHW-55CNH <0.10 <0.60 1.20 ~ 1.60 <0.020 <0.025 0.20 ~ 0.60 0.30 ~0.90 0.20 ~ 0.60
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Fig. 1 Layout of measuring points
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Fig. 2 Schematic diagram of X-ray test
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Fig. 3 Welding finite element model of butt test plate. (a) finite element analysis model; (b) weld unit and groove
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Tab. 2 Thermal and mechanical nonlinear parameters of SMA490BW material

M A LIk R AL Jeb IR SR By HEL/N = A
T/C E/10° MPa a/10° ¢ R/ MPa W/ (m-C) p/(kg'm™) y c/(JkgtC™h
20 2.07 18.6 355 57 78 0.33 450
150 1.75 18.6 321 50 78 0.33 521
300 1.67 18.6 295 45 78 0.33 825
600 1.25 18.6 157 39 78 0.33 967
800 0.77 18.6 65 35 78 0.33 1152
1 000 0.15 18.6 10 40 78 0.33 1152
1500 0.10 18.6 5 50 78 0.33 1152
3000 0.01 18.6 5 55 78 0.33 1152
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Fig. 5 X-ray residual stress test results of plate sample
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Fig. 6 Temperature field cloud map of welding process. (a) =5 064 s; (b) =5 084 s; (c) =5 097 s
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Fig. 7 Cloud map of welding longitudinal residual stress. (a) cloud map; (b) top view
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