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Temperature and Residual Stress Field of Flux Bands Constraining Arc Welding
THoint by FEA Based on Hybrid Welding Heat Source Model and Experimental
Investigation
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Acombined welding heat source model coupled by a flat gaussian and a cylindrical volume heat source was developed to analysis the evolution
of welding-induced temperature residual stress and distortion distribution during the processing of the flux band constraining arc ( FBCA)

welded T+oint of the |-core sandwich. The experiment statistics were obtained by the infrared thermal imager and the three-coordinate instru—
ment. By comparing the results between the experiment and simulation it is found that the weld cross section thermal cycle curves welding iso—
thermal curves and welding distortion are basically consistence between experiment and simulation which proves the validity and feasibility of the
combined welding heat source model on the analysis of this method. At the same time it is found that the residual stress generated during the
welding process is concentrated on the weld and its vicinity which is much lower than the yield stress of the material. And the residual deforma-
tion is acceptable that the maximum distortion happened on the edge of the panels according to the experimental measurements. This indicates
that the FBCA can effectively control the residual deformation of high-strength steel T-oints which improves the welding technology for the sand—
wich panels.
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Table 1 Chemical composition of BS960 high strength steel and ER120S weld wire
C Mn Si Ni P S Cu Nb Cr \ Ti Mo Fe
BS960 0. 08 1.24 0.20 — — — 0. 06 0.14 0.6 0. 002 0.15 0.29
ER1208 0.06 1.59 0.5 3.56 0. 005 0. 005 0.23 — — — — 0.78
2 BS960 ER120S

Table 2 Mechanical properties of BS960 high strength steel and ER120s
weld wire

MPa MPa % J
BS960 1 040 1100 11 75
ER120S 853 950 17 86
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Table 3 Materials properties of simulation
_— A(Wemt K™ C,/(Jeg" +K™") /(107 « K™ E/GPa
25 41.59 28.42 0.44 0.44 0 0 211.4 208. 56 0. 289 0.291
100 42.45 30. 27 0.47 0.47 1.28 1.43 208.0 204.78 0.292 0.294
200 42.50 32.04 0.51 0.51 1.31 1.47 202.1 198.56 0.296 0.298
400 39.46 32.89 0.61 0. 60 1.39 1.53 184.2 180. 82 0.304 0.30
600 34.56 31.15 0.80 0.91 1.46 1.60 158.9 156.85 0.312 0.315
1 000 29.00 27.73 0.63 0.62 1.3 1.52 106.7 108. 15 0.351 0.35
1200 31.44 30.25 0.65 0.65 1.51 1.69 85.95 87.95 0.36 0.374
1 600 35.15 34.72 0.825 0.818 2.76 2.89 0 0 0.50 0.499
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Fig.5 The schematic of solid surface contact conductance 3.1.1
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Fig.8 Temperature distribution in the face-plates measured by experiment
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Fig. 10 Residual stress distribution in different calculation regions: ( a) residual stress distribution in x direction along Line 1 2; ('b) residual stress distribu—

tion in y direction along Line 1 2; (¢) residual stress distribution in z direction along Line 1 2; (d) Von mises residual stress distribution along Line 1 2
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Fig. 11 Welding distortion: ( a) displacement of x direction; (b) displacement of y direction; ( ¢) displacement of z direction; ( d) vector sum displacement
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Fig. 12 Weld distortion measured by experiment: ( a) distortion in face plates; ('b) distortion in the cross section
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