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A vehicle collision surrogate model based on numerical
simulation and machine learning
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Abstract: By building a three-dimensional finite element model of a pickup truck, the dynamic processes of
a truck colliding against a rigid wall and the collision between two trucks are numerically simulated, and
the corresponding collision force-displacement curves of the truck with different initial speeds are
obtained. Taking the initial speed of the truck as the input and the collision force-displacement curve as the
output, the BP neural network machine learning algorithm is used to establish the vehicle collision
surrogate model in the full speed domain. The numerical simulation samples are divided into a training set
and a test set. The surrogate model is trained with the training set and its accuracy is verified by the test set
samples. The model can be used to predict the force-displacement curve of a vehicle at an arbitrary collision
speed quickly, providing an instruction for its safety design.
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Fig. 1 Analytical model of a pickup truck
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Table 1  Material parameters of a pickup truck

MEARR SRR/ MPa HERIAREA W/ (te mm ) JEARE S/ MPa Jet Bl 2 A
EP1 2.1X10° 0.300 7.89X10° 449 0.262
EP2 2.1X10° 0.300 7.89X10°° 504 0.262
EP3 2.8X10° 0.300 1.20X10° 45 0.041
Tire 2.46<10° 0.323 8.05X10"* -
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Fig. 2 Collision model of a truck colliding against a rigid wall
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(a)v=54 km/h, 1=0.0163 s (b)»=90 km/h, ¢=0.0145s
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Fig. 3 Deformation of the pickup truck colliding against a rigid wall with different initial velocities at typical time
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Fig. 4 Collision force-displacement curves of the pickup truck colliding against a rigid wall

1.3 W EHEEAHE S EEU
PP R 1) A 488 2 i A () 9 90 4 AR/ AR T L 77 1) A S 9 90 e o 52 O A T 1T RIE 43, B R0 AN 1] 5 B s

5 WEMEMmME

Fig. 5 Collision between two trucks
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Fig. 6 Deformation of trucks during collision with two different initial velocities at typical time
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Fig. 7 Collision force-displacement curves during collision between two trucks with different initial velocities
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Fig. 8  BP neural network structure
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Fig. 9 Training convergence of BP neural network models
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Fig. 10  Prediction by the surrogate model and its errors for collisions of a truck against a rigid wall and

between two trucks at an initial velocity of 72km/h

ML 10 H iz 22 il 2l LU 1) o B 5 0 46 s R R 488 2o 8 rP R 25 /0N A6 i 488 122 0 45 SR B0 s B B iR 22 K
MR e i vt 9 A B2 32 5% SR 48 I 00 IO 5 R A W0 4 B B X T I TR W 1 /N B BEJE AR S i . YRR
ikl ) 00 -5 LA g — 157 WD T 24 v TR A i DR L ) R X R 25 20 301 R 7,49 D0 11 9.6 06 5 P A4S A [l
8 (1) 1~ (57 B i 1o pih 2 v, S5 KW (B (0 A X 1R 25 00 2,74 %6, AT DL, 57 A8 R S 95 4 4 BB AR 1 o 0 ) -
2 B W I p £, LA AR v B RO A B8 O RS JE

(EAT— 4R 1R L 70 S 2 A RIS R I, AL % I R AR (1) 2 0 % 2 T 900 B T MV ) ML T B X
TR B P B R A VG K A i AR 0 ) O R S A 36~ 108 ke /b I N BT LB T R % 08 S [
PSS T (14 SIS

3 4

FIH ABAQUS A FRICH A i 57 58 Bz K A A7 BR TR L A5 DU AN [R] 990 465 T B2 9/ 24 0 I AP 355 A 43 12 B 74
TR ) B AR ) B AS AL AR B TR AL R A BP M gk Sk AR ERBE A 15 B IR 458

1) S7 B 4l 48 A BR TS IR, L K i °F il 4 ) 2 o R A 0L A% 81 A1) 0 — 57 A% i 1oy 285 SR 3 3L

2) B X VR AP 55 T 5 4 A A ) 4 1 A T RSB DL S SR AN BP o 2 9 495 Bk ot 5 ) AR R Y
G,

3015 B (14 AR FEASE AU 7 45 5 1) 900 f 48 0 S [ 36 ~108 km/h N HLA RS A UG B . AR, H A
Y I 19 ) 0 T A 190 ) 2 A B9IZ A RE 0 o DR AN R DR I I 15 0] 4 T 7 32 R S L 22 S A TR JEE

A PR S Al AR L A e S SR QLA TR R A% g 5D St TN 9 4 AR S A ) — 00 % e Nl 2L O
VARl A 22 VBT SR AR 4R

A
(1] ZE®RiE, P ER S L 2R ERDT . IR ER RS C/ WA r L. 58+ —Jm b AR L8 1538 3¢
SERHER B —J  E AR HEfL IS iR, 2014,



%28 oA F AT RMAREMAINE F I A EREREER 93

Li J F. Discussion on Chinese passive safety standard for automobiles-brief talk on cylindrical collision test of automobiles
[C]// Market Fulfilling Standardizaiton: Proceedings of the 11" China Standardization Forum. Chengdu: The 11th China
Standardization Forum, 2014. (in Chinese)

[2] £ REEGFRESWICE LB I CHRIRID]. . RERS, 2012
Wang T. Study on efficiency of joint ventures in automotive industry and related factors [ D]. Shanghai: Donghua
University, 2012. (in Chinese)

[3] 7= FRMEELESEMIFZ 2R REMOIH[D]. B, EMlACE KR, 2008,

Deng Z B. Research and development of a safety test system for vehicle body structure[ D]. Shanghai: Shanghai Jiao Tong
University, 2008. (in Chinese)

(4] sk, JETUE. ARSEARE, R4 "R 10 42 B[ ). VR4 WLER L 2012(7) : 94-99.

Zhang J, Luan Y Z. In those years, colliding car remains in bottom place[J]. Automotive Observer, 2012(7): 94-99. (in
Chinese)

[ 5] Euk. K438 R R % 2k Ko U 05 43 BT [D]. YeBH . ARk k2, 2010.

Wang Q. Simulation analysis of automobile crash at the rear end and safety of passengers[ D]. Shenyang: Northeastern
Universitys 2010. (in Chinese)

[ 6] AAT35 . vh He BB 1720 X0 855 45 4 17l 48 1 B 19 5% i A 58 [ DL WA RV« IR JR I AR K 4%, 2013,

Zan Z Q. Influence of forming result on crash behavior of car door[D]. Harbin: Harbin Engineering University, 2013. (in
Chinese)

(7] B4k BOUEDE. 4 By Bl 48 01 FCH AR AE L0 0T 4 4 5 I R iy LD 0% TR . 1998..20(5) :257-261, 301,

Huang ] L, Jia H B. Application of numerical simulation techniques in car body design process of “HONGQI”[]].
Automotive Engineering., 1998,20(5):257-261,301. (in Chinese)

[ 8] HuY M, Chen W, Deng Z X. Frontal crash-worthiness simulation of the Changan S6350 using the explicit finite element
method[ CJ // The 11th International Pacific Conference on Automotive Engineering (IPC-11), November 6-9, 2001,
Shanghai, China. 2001:9.

[ 9] 3kBE . T4 BROTEE AR 48 0 2% HOR B9V Rl 4 2 S BT T, LB TR 2241, 2007, 43(3): 143-147, 153.

Zhang X Y. Vehicle crash accident reconstruction based on FEM and neural networks[ J]. Chinese Journal of Mechanical
Engineering, 2007, 43(3): 143-147, 153. (in Chinese)

[107] Feba . B9k iy £ @5 ) 22 8 5 05 HAF 5[ D], i . 78 g 2238 K%, 2016.

Nie Y Y. Data-driven dynamics modelling and simulation research for railway vehicles[ D]. Chengdu: Southwest Jiaotong
University, 2016. (in Chinese)

[11] Tang Z, Zhu Y, Nie Y, et al. Data-driven train set crash dynamics simulation[J]. Vehicle System Dynamics, 2017,
55(2): 149-167.

[12] Chen Y J, Tyan T, Farugue O. Dynamic testing and CAE modeling of engine mounts for application in vehicle crash
analysis[ C/OL] // SAE 2003 Warld Congress &. Exhibition. USA: SAE International, 2003 (2003-03-03) [2019-11-
257. https: // doilorg/10.4271/2003-01-0257.

[13] Mohri M, Rostamizadeh A, Talwalkar A. Foundations of Machine Learning[ M]. The MIT Press, 2012.

[14] Lanzi L, Bisagni C, Ricci S. Neural networks systems to reproduce crash behavior of structural components[ ] ].
Computers & Structures, 2004, 82(1): 93-108.

[15] 5K R %, Python 4570 #7542 48 LM M. dE AT HLAR T i piAt, 2017,

Zhang L J. Python practice of data analysis and mining[ M]. Beijing: China Machine Press, 2017. (in Chinese)

[16] Rodolfo B. Building machine learning projects with tensorflow[ M]. UK: Packet Pulishing, 2016.

(% # 3



