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Modal Analysis and Structure Optimization of Electric
Vehicle Power Battery Box

JI Xinsheng, LIU Ningning, YANG Chao,MA Xipei

(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract;In order to solve the problem of common vibration of a certain type of electric vehicle battery box during

driving, finite element modeling and modal analysis of the power battery box were carried out by the research group, and

the modal frequency and vibration mode of the power battery box were obtained. The accuracy of the finite element mode

simulation was verified by comparison between the solution results and the modal test results. In order to avoid the

resonance of the power battery box due to the unbalanced excitation of the wheel, three structural optimization schemes

were proposed. The simulation analysis shows that the scheme of changing the material of the bottom plate and increasing

the structure of the longitudinal beam can not only achieve the weight reduction of the structure ,but also avoid the

resonance of the power battery box due to the unevenness of the road surface. This research provides a reference for the

design and structural optimization of electric vehicle battery box structure.
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Figure 1  Three-dimensional model of

power battery box
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Table 1

Main parameters of battery box material

R R/ PR KB YUIEE
o, Ak
HFE (kg-m™?) #/GPa  B/GPa #/GPa
LERee 2 823 0.27 71.0 51.4 28.0

BEW 7 900 0.31 193.0 169.0 73.7
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Figure 2 Power grid box structure local

grid division
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Table 2  First three orders natural

frequency of power battery box

PRSI K W2/ Ha PRAIR A

1 13.00 R
2 24.77 R
3 43.83 WY sl

AR B /mm

7.906 3 Max

52713

2.6363

0.001 3 Min
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Figure 3  First three orders vibration
mode of power battery box B4 nXEk&EERE

Figure 4 Test device connection settings
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Table 3 Information of test equipment

B HFR filiik 24 VeSS
1 BT SR 1 LMS SCADASMobile WK 1 0. 2% ; 4344 55 by 40 kHz; 3 K SRAEZR A 204. 8 kHz; {Z1: 1 1
SCMO5 R R 55 KF 110 dB
2 SRS PCB 356A16 FRABE 100 mV/g3 T +490 m/s” PROK/RD Bl ) 5 3135 13
0.5 ~5000.0 Hz
3 fUliEwZ TS LMS Test. Lah 1
4 R HEV -200 B RPRIE A + 10 mm ; £ KSR 74 200 N; 52635 HI 4 0.0 ~2.0 kHz 1
5 IR TN HEV -200C |

TR I SR PR 25 9l ) O =2, U S 5 1k
BEBLAE = , I Hanning 77 LS/ IR 152 22 o X £ 41
SRR, TR HE AT 24 Ak 3 DA a2 I e g B AL
PR3 B AR 4 TR, [ 6 TR A
3 B IRAL,

R4 BRI 3 BB AR E

Table 4  First three orders natural frequency of

power battery box

RSB Wi 4/ Ha B EL/ % PR
3 e e . 1 13.45 0.66 LR
HS FHAebBEgEREMLE 5 2 79 )3 o

Figure 5 Power battery box sensor location 3 45.76 1. 64 Y Bl i
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Figure 6 First three orders vibration mode of

power battery box
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Table 5 Comparison of first three orders natural

frequency simulation and test results of power battery box

Wi/ He

R I[1RYN BRI/ %
Pirsas R BREE R

1 13.00 13.45 3.46

2 24.77 22.79 7.99

3 43.83 45.76 4.42
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Table 6  Structure optimization of power battery box
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Figure 7 Optimized model of power battery box
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Table 7  First three orders natural frequency of

power battery box after optimization

] AR H
BRI
L e Vel
1 17.61 14.01 18.93
2 33.75 28.81 38.13
3 65.01 37.58 52.31
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