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Fig. 1 Schematic diagram of the principle of FSW
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Table 1 Relationship between welding process parameters and

the mechanical strength of welded parts

o) ﬁﬁ%ﬁﬁfl @%ﬁ@? AR/ A/
(remin™") (mm-min™") mm MPa
1 1200 250 0.70 22.98
2 1200 350 0.70 53.18
3 1200 450 0.70 25.69
4 1500 250 0.70 67. 60
5 1500 350 0.70 72.56
6 1500 450 0.70 71. 66
7 1800 250 0.70 45.07
8 1800 350 0.70 54.53
9 1800 450 0.70 64. 90
10 2100 250 0.70 96. 45
11 2100 350 0.70 72. 11
12 2100 450 0.70 112. 67
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Fig.2 Schematic diagram of the explicit dynamic solution

based on time series prediction
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Fig.3 Schematic diagram of friction stir welding parameter optimization based on crash time-series prediction framework
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Table 2 Parameters of whole vehicle crash condition
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Table 3 Results obtained by the traditional finite element method

Yoo /mm B A /mm K J)/MPa SR st ) P
0. 030 8.76 x 107 283 177
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0. 003 6.80 x 107 366 14457
P 0 6.83 x 107 360 T

D)z A i th A I e B0 7 36 0635 1 80T RSR g Il

4.3 AR EH M

P17 7 Sk 8 38l 7 2 s ik 4 R 5 B e T A
TIGE SRR e o W0 A 15 000 A5 2 5 TR,
NI 2 347 T2 5 AREFRAL . AR 7 4558, ATl
B[] 2550 0~75 B R 1 ik 3Bl 1 2 ARl A T oR At
LT R 45 TR AR, Ff o= e/ M T 5
25 FEEHE] A RR 75 B QORS00 32 224K T 45 22 1
(B, VI At SO AR A A ToR A . X AR RT AT
50% MK AR TE] , AR R R RCR

W 3235/ mm

_1_ 1 1 1

1 | 1 ]
0 20 40 60 80 100 120 140 160
RN =

K7 RSl 7 T A5 SR

Fig. 7 Comparison of prediction results of collision dynamics
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Time Series Prediction of Vehicle Crash Based on Process Parameters
Analysis of Friction Stir Welding

XIE Zhengchao' LIU Jincan' LI Shuang' LI Wenfeng® ZHAO Jing’

(1. School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, Guangdong,
China; 2. School of Mechanical Engineering and Automation, Northeastern University, Shenyang 110819, Liaoning, China)

Abstract: Under the demands for vehicle lightweighting and high safety, friction stir welding has become the core
technology for the manufacturing of key vehicle body structures, and it is crucial for the enhancement of collision
energy absorption capacity. However, when the traditional explicit dynamic model is used to optimize the process pa-
rameters of friction stir welding, a large number of repeated finite element calculations are required, thus leading to
such problems as long calculation time and high resource consumption, which restricts the design efficiency. To
solve these problems, this paper proposes a time series prediction method of vehicle crash based on the process pa-
rameters analysis of friction stir welding, which balances the optimization efficiency and crash safety. During the in-
vestigation, first, the mapping relationships between rotational speed, welding speed and the elastic modulus of
welded parts are summarized, and a parameter set is constructed. Next, by taking a body-in-white as the object, the
set of body-in-white components with mixed shell elements is discretized and the frontal crash condition is set to es-
tablish a vehicle explicit dynamic model. Then, a time series prediction surrogate model is designed, and is trained
with explicit dynamic response data, with the combination of a high-dimension data decoupler and a penalty func-
tion, thus finally forming a surrogate model update process toward the goal of minimizing the deformation and strain
of observation points. After iteration, the root mean square error and loss of the surrogate model ’s prediction results
approach zero, which means that the model accuracy is reliable. In addition, compared with the traditional method,
the proposed method saves 50% of the calculation time. This method achieves the collaborative optimization of
lightweighting and high safety of vehicles, provides an efficient technical means for vehicle body design and the
iteration of friction stir welding process parameters, and has engineering value for shortening the research and deve-
lopment cycle and improving the safety performance of vehicles.

Key words: vehicle body design; vehicle impact safety; friction stir welding; process optimization; surrogate

network model; finite element method





