W56t M @igﬂﬁ\ Vol.56 No.7
2026 47 H Electric Welding Machine Jul. 2026

DOI: 10.7512/j.issn.1001-2303.2026.07.05

S I S T S B 58

kORI EERFL I AL N R HER, RER KEE
L PEREHEREERMARAHEK KF 130113

2. PURIACHE R, Ui B 610031
 OE: AHE AT FANIELE N S T RITFE T Y BUAARE DA 6 AR RIRAE A TS A,
P B — Ak o By AN IR ST S T A EAYA TR AT ik, B 5 By IR an AL AR AL R i AT IR E ) ik S AL
A PRI A Bk oG ARG R A, MAEF AR R L EERE MM, FIT A TIRAF484609 0%
BEAEHREIL, ABESTHRRIAEFHEGRRALS R E R B SR TG R, d g 5 K AR
RAABMERBITNIRZH 5B, RALAFLRAR T Bnttsr s RBRAT B s TRAR T, AEEFH
MG LM A 3 F AT OE-MAG 268 T V7 A RN, & R A B3 - AR i Rk LR R
FRI,EWREQL%., A FRAABRT KA EMSE T REEMGHEL B ET G, il E 5 4
HE L ERARBET THEOIHT T L,
KER: BB, AFRUERL; REG A RIS ; SHiks] £
FESES: TG407 SCERFRIAED: A XEHS: 1001-2303(2026)07-0041-06

Research on Efficient Simulation and Correction Method for Welding
Deformation of High-Speed Train Sidewalls

SHEN Gang', WANG Yanan', GENG Ming',LIU Song', GUO Chuncheng', WU Yilin?, CHEN Jingqing®
1. CRRC Changchun Railway Vehicles Co., Ltd., Changchun 130113, China
2. Southwest Jiaotong University, Chengdu 610031, China

Abstract: To address the issues of low computational efficiency and rigid body displacement interference in numerical simu-
lations of multi-process welding deformation for high-speed train sidewall structures in the rail transit industry, this paper
proposes a finite element analysis method integrating local thermal cycle mapping and deformation correction. By establish-
ing a local refined weld seam model for transient temperature field simulation, the thermal cycle curve parameters of typical
joints are extracted to construct an equivalent heat source model, which is then mapped to the global structural mesh. This
achieves rapid calculation of welding stress and deformation based on sequentially coupled analysis. To resolve rigid body
displacement deviations caused by cumulative multi-process effects, a spatial deformation correction algorithm is proposed.
A reference coordinate system is established to decompose rigid body motion from simulation results, and coordinate trans-
formation is applied to eliminate translational and rotational components, thereby extracting pure deformation components
for statistical comparison. Taking a high-speed train sidewall structure as an example, the laser-MAG hybrid welding pro-
cess is simulated comprehensively. Results indicate that the local-global mapping strategy significantly improves computa-
tional efficiency, with deformation errors <20%. This method effectively resolves the conflict between accuracy and effi-
ciency in multi-process welding simulations for large-scale complex structures, providing a reliable analytical tool for opti-
mizing rail transit equipment manufacturing processes.
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Fig. 1 Local weld seam model
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Fig.2 Global structural model with boundary conditions
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Fig.3 Boundary conditions
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Fig. 6 Distribution of radial deformation on the side wall of EMU

after welding
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Fig. 7 Correction for deformation due to spatial stiffness
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Fig. 8 Schematic diagram of measurement locations for side wall

welding deformation
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Fig. 9 Deformation distribution after automatic welding of the side wall
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Fig. 10 Statistical analysis of radial deformation amount in side wall

profiles of EMU after welding (numerical simulation)
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Fig. 11 Statistical analysis of radial deformation in side wall profiles

of EMU post-welding (on-site measurement)
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