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Research on numerical simulation and deformation control of

melt inert-gas welding in power battery enclosure

XU Jun, DENG Feng, SU Tian, LI Gangyan
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Abstract: In pure electric vehicle, power battery enclosure generally made of aluminum alloy profile and
is a key component of packaging and load bearing of the power battery system. Due to the large structure
size and the high thermal expansion coefficient of materials, welding residual stress is easily generated af-
ter the inert-gas welding process, which leads to serious shrinkage and deformation of the inner wall. A
certain type of power battery enclosure was taken as the research object. Firstly, the typical weld with
unique characteristics was extracted, and the optimal solution for welding sequence direction of each typi-
cal weld was obtained through numerical simulation of stress deformation by using SYSWELD. Then, the
candidate schemes of overall welding sequence direction were proposed based on the distribution charac-
teristics of typical weld and welding process principles, and the optimal scheme was selected based on
the principle of minimum mean value of equivalent deformation. Finally, the constraint conditions for
welding process in x, y and z directions were determined by adopting the method of rigidity immobility.
Field test results have shown that internal shrinkage deformation value of the power battery enclosure’ s
long and short sides is reduced by 52% and 25% than before, which are decreased to 1.2 mm and 0.9
mm respectively.
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Fig. 1  Extraction of typical welds
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Fig. 2 Double ellipsoid heat source model
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Fig. 3 Typical weld thermal cycle curves
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Table 1  Parameters of heat source model

2R W Kif ik
B AE R Q, /(W-mm™) 43.2 54 48
JEEhRes Q,/(W-mm™) 36 45 40
SIS H o/ mm 1.6 2 1.8
FHZ4b / mm 1.8 2.2 2
FZ e,/ mm 1.8 3 3
EiE % e, / mm 3 4.5 4.5
TEAE A /(0) 45 45 45
e V/(mms™") 5 15 15
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Fig. 5 Weld temperature field analysis diagram
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Fig. 7 Deformation of typical weld in scheme 1
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Table 2 Maximum deformation of typical weld

JREEZ TR ViES ik V) EX
R4/ mm 0.74 0.32 -
K PESE/ mm 3.18 3.60 3. 83
KRS/ mm 9.01 8.94 8.42
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Fig. 8 Original scheme of overall welding sequence
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Table 3  Candidate schemes for overall welding sequence

TR

L11—L12—L23—122—121—L31—L32—143—1L42—141
L11—L12—143—142—141—123—122—>121—131—L32
L43—142—141—123—122—121—1L31—L32—L11—L12
L21—122—123—131—L32—141—142—143—L11—L12
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Fig. 10 Minimum constraint of power battery enclosure
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Table 4 Numerical simulation results of measurement point
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Fig. 12 Deformation cloud chart in scheme 5
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Table 5 Comparison of the overall deformation between

scheme 5 and the original scheme mm
miH D, D, D, D
ES 0.9708 0.9833  3.4103  3.4437
FES 1.0859 0.9944  2.4390  2.6169
AL 0.1151 0.0111 -0.9713 -0.8268
A EY%  +11.9  +1.1 -28.5 -24.0

deformation in candidate schemes mm
ik D, D, D. D D
1 0.1057 0.3900 2.4755 2.5083 2.6174
2 0.0798 0.4044 2.4833 2.5173 2.6225
3 0.0788 0.4120 2.5502 2.5845 2.6714
4 0.1059 0.4247 2.5176 2.5554 2.6387
5 0.0831 0.4334 2.4440 2.4835 2.5994
6 0.1076 0.4209 2.4838 2.5215 2.6129
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