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Data-driven safety prediction of battery pack under side pole collision

MA Chenghao, ZHUANG Ziao, SHIN Jonghyeon, XING Bobin, XIA Yong, ZHOU Qing
(National Key Laboratory of Intelligent Green Vehicles and Transportation, Tsinghua University, Beijing 100084, China)

Abstract: The battery pack of electric vehicles is highly susceptible to failure under side pole collision. To accurately and
quickly evaluate the safety of battery packs under such conditions, this paper introduces a local region refined battery pack
model that can effectively characterize the deformation and mechanical response of the jellyroll of battery. Simulation analyses
were conducted under varying impact velocity, angles, positions, and vehicle loading configuration, with the latter achieved by
uniformly applying mass compensation to the side wall of the battery pack. A simulation matrix was designed using an
optimized Latin hypercube sampling (LHS) strategy, and a dataset was generated through image recognition methods. This
dataset includes parameters such as the maximum intrusion depth, intrusion location, intrusion width of the battery pack side
wall, and the deformation of the jellyroll of battery. New features, including collision energy and velocity components in the x
and y directions, were derived and selected as input features for model training through correlation analysis. Support vector
machine (SVM), random forest (RF), and back propagation neural networks (BPNN) were employed to build a data-driven
predictive model. The SVM model demonstrated superior performance, achieving an average R* of 0.96 across prediction
parameters. The prediction of the maximum intrusion depth of the battery pack side wall was particularly accurate, with an R
exceeding 0.95 for all three models. Additionally, the robustness of the models was tested by introducing Gaussian noise,
where the BP neural network exhibited better robustness. Even with the addition of Gaussian noise with a standard deviation of
0.5, the BP model maintained an average R of 0.91 for the prediction parameters. The established data-driven model can
effectively predict mechanical response of battery packs under side pole collisions and provide a reliable tool for evaluating
battery pack safety.
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Fig.3 Sample distribution of simulation matrix generated by optimized Latin hypercube sampling
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Fig. 4 Simulation result of battery pack side pole collision
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Fig. 5 Schematic diagram of post-processing of battery pack simulation results
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Fig. 6 Pearson correlation coefficient analysis heat map
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Table 2 Accuracy analysis of ML models
Bliear e 2 big MSE RMSE MAE MAPE
KNinax 0.9312 92.47 9.616 7.352 1.009
1, 0.9569 33.02 5.747 4.594 5.043
FEHLARAR
w 0.9440 589.6 24.28 17.63 4312
I 0.9540 3.954 1.989 1.338 130.5
X, 0.9640 48.38 6.955 5.195 0.7235
A 0.9839 12.33 3.512 2.556 2.946
SCRp AL
w 0.9373 659.8 25.69 18.73 4.656
I, 0.9636 3.127 1.768 1.416 306.4
KNinax 0.9678 43.27 6.578 5233 0.7151
I, 0.9694 23.46 4.843 3.826 4.110
BPHIZ M 4%
w 0.9483 544.4 23.33 18.55 4.424
I, 0.8849 9.898 3.146 2.573 591.2

R — 20 S A 4 1) N BE 1, X 3 FEERLTT R 7B R AT o 38 O IR AR R ALY

{HN 0, A —EARHEZE o B BEHLELE o e i M P B SRS S B A b i B A TR 22 ML 9 (B A T
WE2E o ]9 0.5 W7 i A 2L~ ST R TN AR AN 55 3 Frw, mT LUK BRI ASCRATS A8 R4, 3R 9 3 FhiA
ERABOS E RN . EBIPREZE o 2 0.5 (YT R e, BPNIN A2 G F0 A0 R i e, P00 25000 R
FEAIRE IR E] 0.91, B RAL T HABTE o 18 11 o 1 BRGNS [F) AR o 22 4 i S e 75 5, 3 R LA
R B T ROR

*3 ARMBINGEERIERNERS(0=0.5) 5 &£ 382 I RB TR

Table 3 Accuracy analysis of ML models after adding Gaussian noise (0=0.5) to all training data
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Table 3 (Continued)
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/4 0.8989 1063.2993 32.6083 24.4519 5.935
1, 0.8638 11.7067 34215 2.8056 732.7073
X 0.9308 92.951 9.6411 7.9584 1.0837
A 0.9415 44,8129 6.6942 5.524 6.1102
w 0.9084 964.28 31.0529 24.8844 5.8305
1, 0.8673 11.4063 3.3773 2.8312 575.6947
I Normal [ Noise-0.01 M Noise-0.1 [l Noise-0.5
1.0
0.8}
0.6 |
&
04t
02F
0
1, w I, 1, w I,
(a) Random forest (b) SVM
1.0
0.8
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&
04+
02
0
1, w 1,
(c) BPNN
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Fig. 11
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Machine learning model prediction after adding Gaussian noise
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