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Finite Element Analysis of Electron Beam Welding Performance of
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YIN Zhonghui', WANG Huichun', WANG Shaoqiu', MA Jianguo®, LIU Zhenfei’
(1.School of Mechanical Engineering, Anhui University of Science and Technology, Huainan 232001, Anhui, China;
2.Anhui Provincial Key Laboratory of Special Welding Technology, Institute of Plasma Physics, Chinese Academy of
Science, Huainan 232000, Anhui, China)

Abstract; For reducing energy consumption while ensuring weld joint quality, the welding process parameters for
electron beam welding of TU2 oxygen-free copper were optimized with SYSWELD simulation software, and a finite
element model with appropriate boundary conditions was established for a 30-mm-thick TU2 copper plate. A heat source
model was determined based on the actual situation of electron beam welding, and simulation analysis was made by
imputing varied energy consumption value in the welding process, with the obtained simulation results compared with
actual welding results. It is shown that with a double-ellipsoidal heat source input of 1260 J/mm and a 3D Gaussian heat
source input of 5000 J/mm, a full penetration weld with the lowest energy consumption can be achieved. The simulation
results show that the obtained morphology of molten pool is almost the same with that in the actual welding, proving that
the welding parameters set in the simulation analysis are feasible for TU2 welding. It is concluded that this study can
provide a reliable reference for optimizing the parameters in welding of TU2 oxygen-free copper.
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Fig.1 Schematic diagram of grid in simulation model
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Fig.2 Schematic diagram of boundary condition
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Fig.3 Composite heat source model
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Table 2 Three sets of heat inputs in oxygen-free copper

welding simulation
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Fig.4 Temperature fields in the middle stage of three sets

of welding simulation
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Fig.5 Local temperature fields in three sets of welding simulation

after cooling for 3 600 seconds

3 FHEDTEY S AU B

M1 T 3 U B 40 S0 B B AR AT
FRHEBRANN T LRI ST, AN ] IR 220 B4 R4 B ) = 4
WniE 6 s, HiE 6 AT, e=30 s B AREERR A ) &
BT AT AR SRR 28 0o DX IR BN X, R

300.000 00 300.000 00
280.000 00 280.000 00
260.000 00 260.000 00
240.000 00 240.000 00
220.000 00 220.000 00
200.000 00 200.000 00
180.000 00 180.000 00
160.000 00 160.000 00
140.000 00 140.000 00
120.000 00 120.000 00
100.000 00 100.000 00

80.00000 80.00000

60.00000 60.00000

40.00000 40.00000

20,000 00 20,000 00

0

0

435.000 00
06.00000 )
37700000
34800000
319.000 00
290.000 00
26100000
23200002
203,000 00
174.000 00
145.00000
116.00001

87.00000

58.00000
29.00000
0

(a) t=30s; (b) t=50s; (c¢) t=1700s
6 BHEERFEARMNZINEZENNZE
Fig.6  Stress distribution at different time in

group B welding simulation
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Fig.7 Residual stress distribution after welding

in three sets of simulation
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Fig.8 Transverse residual stress distribution after welding

in three sets of welding simulation
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Fig.9 Longitudinal residual stress distribution after welding

in three set of simulation
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Table 3 Welding simulation results
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C 8.7 5.9(F 4.0 mm Ab)  2.30( ¥ 30 mm 4b)
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Table 4  Actual welding test results
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Fig. 10  Comparison of morphology of molten pool

between actual and simulated welding
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