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Numerical Simulation and Welding Sequence Optimization of Friction
Stir Welding for Power Battery Enclosure’s Bottom Plate

XU Jun, MENG Xinwei, HE Guoqging, LI Gangyan

(School of Mechanical and Electronic Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: In order to make the bottom plate of power battery enclosure meet the welding process
specification requirements, the welding sequence is optimized through numerical simulation. A
certain type of power battery enclosure’s bottom plate was taken as the research object.
According to the existing welding sequence scheme, its numerical simulation model of friction stir
welding was established by adopting the sequential thermal-mechanical coupling method. The
simulation results showed that the values of welding residual stress and strain were consistent
with the actual ones, and the value of deformation deflection exceeded the specification
requirements. As the method of adjusting welding sequence to control residual deformation is
simple, feasible and low-cost, it was adopted to propose five candidate schemes for welding
sequence. The optimal scheme was selected based on the principle of achieving minimum residual
deformation and deflection. Field test results showed that the error between numerical simulation
results and actual ones was small, which shows that the established model is satisfactory. By
adopting the proposed optimal welding sequence scheme, the maximum residual deflection of the

bottom plate was reduced by 33% ., decreasing from 4.92 mm to 3.31 mm, which meets the
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requirements in the welding process specification.

Keywords: power battery enclosure; friction stir welding; numerical simulation; welding

sequence optimization
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Fig. 1 Structure of 918 power battery enclosure
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Fig. 2 Finite element models of power battery enclosure’s

[ 2

bottom plate
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Fig. 3 Thermophysical performance parameters of 6005A

aluminum alloy

TR o B v A 5 ] B B 5 A7 T 2 S 4 P R
Xt e AT AR 7 TR g 0 AL v 2 B A
1075 JERAL T G . B A A X 4 T A B R 48
PRSP S R 5 T 2 T ) [ A T Ak
T A TG BGR R R AT T P G 2 M 1 Ak BN
PR AR Zh 7 H Tt R VA B0 R R B B A S
Bk 1 s,

A1 BHEERBERMAENSHK
Table 1 Numerical simulation parameters of friction stir
welding
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Fig. 4 Schematic diagram of lower pressure loading
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Fig. 5 Schematic diagram of working torque
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Fig. 7 Welding residual stress of bottom plate
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Fig. 9 Extracted path of welding residual deformation
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Table 2 Welding sequence candidate schemes
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Table 3 Welding deflection of five welding sequence

candidate schemes

K% s/MPa U.,/mm U,/mm U./mm U/mm

1 194.5 0.5154 0.1681  3.696 3.721
2 191.3  0.5193 0.1883  3.929 3. 955
3 193.7 0.5309 0.1795 5.711 5.731
4 192.1  0.4869 0.1811 3.095 3.110
5 197.1  0.514 3 0.1874  4.948 4.968
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Fig. 13 Test site of friction stir welding
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