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Numerical Simulation and Analysis of Welding Deformation of Alumi-
num Alloy Profiles for Rail Vehicle Bodies
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Abstract: To optimize the welding deformation control process for aluminum alloy bodies in rail vehicles, this paper pro-
poses a wide-section profile design. The design involves replacing four profiles with two for the side wall, five with three for
the floor, and five with three for the roof. A numerical simulation analysis was conducted to compare the welding deforma-
tion trends and magnitudes between the wide-section profiles and the conventional narrow-section (existing) profiles. Re-
sults indicate that both wide- and narrow-section profiles exhibit consistent deformation trends: weld zones show downward
concavity, surrounding base metal warps upward, and free edges experience greater deformation. However, the wide-section
profiles demonstrate significantly reduced deformation. Specific data reveal that the maximum deformation of the side wall
decreases from 24.2 mm to 14.0 mm (a reduction of 42.2%), the floor from 140 mm to 57.4 mm (a reduction of 59%), and
the roof from 178.2 mm to 46.4 mm (a reduction of 74%). From a process perspective, wide-section profiles exhibit smaller
welding deformation, improved dimensional accuracy, higher manufacturing efficiency, and a more rational structure. This
study provides theoretical support for lightweight design and process optimization of aluminum alloy vehicle bodies.
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Fig. 1 Schematic diagram of profile structure
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Fig.2 Schematic diagram of wide section profile grid
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Fig.3 Welding sequence diagram
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Fig. 4 Schematic diagram of constraint conditions

Xt 6 A FRSASR BEA T AL T 1

2 IREERS

PGS BT = R AR 5 K 6 B, 4527
71N LM SR KRR AR A R A — B, B AR SRR A
[ T [ S RIS A A ) bt o Ry T AR 4%
AEERE Z IR, [ SME R, AR 7 BT7R o 32 B
o6 JEE P 52 T 4 Ak iy 30 R A B A AR B RE AN —
B, SR AR AL BRI 00 AR R 52 B T A AR R B Y R
il , 52 F e 7, AR AR AR g P A S —
52 s VT 55 — M SRR 7, I B 2% Wk A
PN 1) L5t ARG AR R M

[ A 22 A0 355 S 30 Ay v 1] 1 52 3 7 1] T
P00 i) TE 2 5 T e o 3K T e R AR 48 T
P BR R IR AR TR I H RS AR o Jo] il £
B3 WL AE T SRR, Je A2 R A 4 vh T L]
Bt B 2R AT R R T WA E , AR g %)
HOg AT s 32 21 1 R A B e R AR £ 1Y
SEEZ NNIE iRl S PN N e P S S
FRA5 77 LR AR TR /N St B ) 8 s (R R4 T
e R RT LR IR a2 BBk, 3%
TIGACRERF /D 01 SR D T FRLRE RS 0 LY
LA AL EAR T A AR 7 A iR
S

Hi T 5 P 6 n] U Y, 57 W im0 55 742 72
BRI — S B AR R % 1.3k2
PR X Y Z = A7 0] SRR E RIS

B
Es5 EEENETE=E

Fig. 5 Cloud diagram of wide section side wall calculation
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Fig. 6 Cloud diagram of narrow section side wall calculation
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Fig. 7 Schematic diagram of deformation mechanisms of two types of

structures
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Table 2 Narrow side wall welding displacement

e Y Z ik

-24.2 -9.36 -5.24 0
-20.4 -6.89 -4.30 3.02
-16.6 -4.42 225 6.04
-12.8 -1.95 3.37 9.06
-9.06 -0.515 5.85 12.1
-5.28 2.98 6.59 15.6
2.50 5.45 8.43 18.3
-~ S 227 7.92 9.67 21.5
IREECERIRE, TERRIPERAE , 2940k 6.05 104 11.8 242
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Fig. 8 Impact diagram of welding sequence e
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Table 1 Wide side wall welding displacement

X Y VA EEIEN
-11.9 -1.08 -0.362 0
-9.57 -0.835 -0.683 1.75
-7.29 -0.591 1.73 351
-5.00 -0.347 2.77 5.26
272 -0.103 3.82 7.01
-0.43 0.141 4.86 8.77

1.86 0.385 5.91 10.5
4.14 0.629 6.95 123
6.43 0.873 8.00 14.0
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Fig. 9 Cloud diagram of wide section floor calculation
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Fig. 10 Cloud diagram of narrow section floor calculation
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Fig. 11 Cloud diagram of wide section roof calculation
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Fig. 12 Cloud diagram of narrow section roof calculation
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Table 3 Wide floor welding displacement

X Y z AR
-32.0 -19.1 —4.54 0
-22.9 ~11.4 -3.48 7.18
-13.8 -3.8 243 14.4
-4.73 3.83 -137 215
438 115 -0.309 28.7
135 19.1 0.75 35.9
226 26.7 1.81 43.1
31.7 34.4 2.87 50.3
408 420 3.92 57.4
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Table 4 Narrow floor wall welding displacement

X Y z He
-633 -96.3 -13.8 0
-42.8 -69.5 -10.7 17.6
222 —42.7 -7.58 35.1
-6.51 11.0 -4.49 52.7

18.9 19.5 ~1.40 70.2
39.4 37.8 1.69 87.8
60.0 64.6 4.78 105
80.5 91.4 7.87 123

101 118 11.0 140

x5 BIRETEEAMAHLE (nm)

Table 5 Wide roof welding displacement

X Y z EEZLS
-7.16 -38.7 -6.40 0
-3.26 -31.0 -4.49 5.80
0.638 -233 -2.59 11.6
4.54 -15.6 -0.684 17.4

8.44 -7.95 1.22 232
123 -0.255 3.13 29.0
162 7.44 5.03 34.8
20.1 15.1 6.94 40.6
24.0 22.8 8.84 46.4

F6 FIRETUEEAMHLE (nm)

Table 6 Narrow roof welding displacement

X Y z LN
-78.1 -96.5 -9.70 0
-53.7 -55.5 -11.2 17.6

5.24 -39.6 -9.45 223

17.5 -30.1 -6.49 33.1

21.9 -229 10.6 44.0
27.1 ~7.90 8.97 61.2
42.8 17.4 14.7 89.4
85.8 35.2 21.2 106.9
101 40.5 385 178.2
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Fig. 13 Schematic diagram of deformation comparison
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