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mechanical abuse conditions

LI Jie', YUAN Boxing’, ZHANG Yunlong®, HE Yongquan®, ZHU Wei’

(1. School of Energy and Electrical Engineering, Chang’an University, Xi’an 710064, China;
2. School of Electronics and Control Engineering, Chang’an University, Xi’an 710064, China;
3. Shaanxi Institute of Metrology Science, Xi'an 710199, China)

Abstract; To study the safety and reliability of electric vehicle battery packs under mechanical abuse conditions,
and prevent a series of safety accidents such as short circuits, thermal runaway, even fires and explosions that may
occur when battery packs are subjected to collisions, this paper builds a mechanical abuse conditions of lithium
battery thermal safety testing experimental system. Then safety experiments on lithium-ion batteries were designed
and implemented under 4 mechanical abuse conditions: flat plate compression, cylindrical compression, spherical
compression, and nail penetration test. A lithium battery monomer homogenization model was built through
extensive data from mechanical abuse experiments. A complete lithium battery pack data set was established
combined with the experimental data and lithium battery monomer homogenization model. Building on this
foundation, a fusion mathematical model comprising support vector machine (SVM ), sparrow search algorithm
(SSA), and back propagation ( BP) neural network was designed to predict the failure states of lithium battery
packs under different parameter conditions, as well as the displacement and maximum load following failure under
various parameter conditions. The experimental results show that SVM-SSA-BP can accurately predict the failure
state, failure displacement and maximum load of the battery pack system. A comparative validation was conducted
against four other competing models, and the generalization ability of SVM-SSA-BP model was evaluated by adding
20% Gaussian noise to the dataset. The results show that the predictive performance of the SVM-SSA-BP fusion
mathematical model is superior to four other competing models, and it demonstrates good accuracy and stability.
The model proposed in this article can accurately predict the safety performance of lithium battery packs under
mechanical abuse conditions.
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Fig. 1 Lithium battery structure and inner core homogenization model
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Fig.2  Experimental equipment and connections
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Fig.4 Flat plate extrusion curves of battery inner core
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Tab.2 Parameters of experimental design
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Tab.3 Experimental design matrix for data-driven modeling
e ShSEIERE/ BRI, BRI/ R RE/ U A TR BT/ p— REiRE/
mm (°) (mm - min~") (°) MPa kN mm
1 0.16 0 2 90 900 0.308 0
2 0.16 0 10 90 900 3.977 1 9.047
3 0.37 0 10 90 1100 6.255 1 6.688
4 0.37 20 2 120 1 100 2.437 0
5 0.16 0 10 180 1300 5.269 1 11.624
6 0.37 20 2 90 1300 2.236 0
7 0.16 20 2 120 1 300 0.438 0
300 0.37 20 14 90 900 7.057 1 6.436
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Tab.4 Regression model prediction results

S ANTRES BHRME/ PR/ HeBURE, B KNS/ mm R/ KN
184 mm ) (mm - min~") ) MPa HYH B HIHE B
#1 0.37 60 6 180 1 300 8.482 8.643 4.344 4.399
#® 0.37 60 10 180 1 300 8.635 8.561 5.523 5.458
#3 0.37 60 14 180 1300 8.688 8.475 5.552 5.493
# 0.23 0 10 180 900 11.024 10. 521 5.625 5.575
#5 0.23 0 14 180 900 10.871 10. 882 5.720 5.750
#6 0.30 0 10 180 900 10.573 10. 142 6.253 6.254
#7 0.30 0 14 180 900 10.628 10. 441 6.283 6.392
# 0.37 0 10 180 900 10.259 9.789 6.831 6.884
# 0.37 0 14 180 900 10.243 9.927 6.944 6.958
#10 0.16 20 10 90 900 9.128 8.925 4.094 3.648
#20 0.37 20 14 90 900 6.436 6.527 7.057 7.122
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Fig. 10  Distribution of true values of finite element simulation model and predicted results of regression model
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Tab.5 Comparison of prediction evaluation indexes of different

models
BT R? Mg M ypi/ % Ry
RBF 0.951 0.254 3.1 0.313
BP 0.931 0.318 4.1 0.371
RF 0.912 0.372 4.6 0.416
SVR 0.954 0.224 2.9 0.311
SSA-BP 0.981 0.163 1.7 0.229
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Tab.6  Predicted results between noisy and noiseless neural
network models
. o .
—— KRR TR
R My, My/% Ryse R My Mype/% Rysg

TJoMER 0.981 0.163 1.7 0.229 0.982 0.139 2.7 0.169
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