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Welding Deformation Trend Prediction for
Aluminum Alloy Carbody Sidewalls of City
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Abstract [ Objective] Welding deformation in aluminum
alloy carbodies remains a significant issue in the manufacturing
process of city railway EMU. Conventional methods for pre-
dicting and controlling deformation often rely on past experi-
ence and actual vehicle trial-and-error, which have shown lim-

ited effectiveness. Therefore, it is necessary to use numerical
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simulation methods to predict the welding deformation trends of
aluminum alloy carbody sidewalls of city railway EMU.
[ Method ] The experimental materials are briefly introduced,
followed by an explanation of the numerical simulation method
for calculating sidewall welding deformation based on thermal
elastoplastic theory and ABAQUS finite element analysis soft-
ware. A real vehicle sidewall welding test is conducted simul-
taneously under conditions ensuring the same tooling distribu-
tion, pressure load, and boundary conditions as in the calcula-
tion. The simulated and measured deformation amounts of the
sidewall are compared for the inverted welding and upright
welding stages respectively. Four counter-deformation values
(8 mm, 10 mm, 12 mm, 15 mm) are selected, and the maxi-
mum simulated and measured deformations of the vehicle side-
wall after upright welding are compared under different count-
er-deformation values. [ Result & Conclusion] The simulation
calculation results are found to be numerically close to the actu-
al measurements, with deviation between the two less than
30% . The maximum simulated deformation of carbody side-
wall after inverted welding is 16. 31 mm, while the maximum
measured deformation is 17. 00 mm. After upright welding,
the maximum simulated deformation is 4. 10 mm, and the
maximum measured deformation is 5. 50 mm. The optimal
counter-deformation value for carbody sidewall is 12 mm, re-
sulting in the minimal welding deformation of carbody side-
wall.

Key words city railway EMU; carbody sidewall; welding

deformation; numerical simulation

TEBUIE S U, G 3ER 5 a 4 PATl a ™ A
ARSI — B AT ML N IO £ AR SR IR 3L
A 7 0 2 T 2 0 R0 L A1, i 2 RS v
PEFNTR ULYE , DR, )T RCIE 7 B AR 20 A S 0
IR FEARIE 17 %, S AT WA e i o AR SCUAR
B T 3 6 8 4 AL A R 0 4 2 A 35 DA AT
FER G, e AT BB 5 BT 5, SR AT AR



$£25H

L A LR, P UL A5 2R 5 50 A 4 R ok
ARSI, ADCAR 22 PO 35 ) LA T 25 e S e I

UE
1 R

T IERAK % 2l 4 2 A B 4 A B4 0 355 BB T 4
B LB, R M B AR R B0 25 m, 76K BT 1)
BSR4 AT R E R S B
TURAPRIR I, AR EE LB 20 4V (RIRH V B 4%
Sk JEETREDY 4 mm)

a) 57

4V 4V 4V 4V

M?ﬂ/ WAN4 u; AUVAVAVIN) 4
4v 4V 4V 4v '\%/

b) AW &
P TIOR3l A 2L B G A8 S T D A e T
A

Fig.1 Diagram of the elevation and cross-section of city rail-

way EMU aluminum alloy carbody sidewall
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Fig.2 Diagram of load distribution on carboy sidewall
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Fig.6 Nephogram of deformation simulation calculation

results after inverted welding of carbody sidewall
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Fig.7 Diagram of measurement method for actual vehicle

carbody sidewall deformation
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Fig.8 Comparison of simulated and measured carbody

sidewall deformations after inverted welding
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calculation results after upright welding
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measured deformations after upright welding
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