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Vibration testing and numerical simulation of energy storage
battery cabinets
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Abstract: As the energy storage industry rapidly expands, ensuring the safety of energy
storage systems during transportation has become a critical aspect of structural safety
evaluations. This study investigates the dynamic characteristics and mechanical response of a
specific energy storage battery cabinet under random vibration. Sinusoidal sweep vibration
tests determined the first-order frequencies and damping ratios: 7.485 Hz with a damping ratio
of 0.051 in the X-direction, and 8.431 Hz with a damping ratio of 0.070 in the Y-direction.
Vertical (Z-direction) random vibration tests, conducted using the ISTA(International Safe
Transit Association) 3E road spectrum, showed that the battery cabinet remained largely
intact. A refined finite element analysis (FEA) model was developed to simulate the cabinet,
with modal, sinusoidal sweep, and random vibration analyses performed. The modal analysis
simulation results deviated by less than 5% from experimental measurements, validating the
model's accuracy. Comparisons of acceleration responses from the sinusoidal sweep
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simulations, exemplified by sensor #9, showed strong agreement with experimental data.
Moreover, stress distribution maps from the random vibration simulations corresponded well
with wear-prone areas observed experimentally, further confirming the FEA model's reliability.
This research provides valuable guidance for evaluating the vibration performance and
optimizing the structural design of battery cabinets, offering a robust technical foundation for

future energy storage products.

Keywords: energy storage battery cabinet; shaker table test; sweep frequency vibration;
random vibration; finite element analysis
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Fig. 1 Test battery cabinets and instrumentation
(a) vibration table, (b) test battery cabinet
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Fig. 4 Sensor layout on battery cabinet (a) front
door, (b) rear door
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Fig. 5 Acceleration-frequency curve of vibration
table
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Fig. 8 Half-power bandwidth method for damping
ratio calculation
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Table 1 Damping ratios at multiple test points on y-
axis

[ f/Hz f,/Hz f,/Hz 4
7 8.447 8.123 9.412 0.07615
9* 8.447 8.119 9.395 0.07550
11* 8.432 8.119 9.361 0.07366
12% 8.432 8.119 9.344 0.07266
13* 8.432 8.104 9.277 0.06955
14* 8.432 8.104 9.261 0.06857
15* 8.432 8.090 9.277 0.07041
17* 8.402 8.017 9.063 0.06221
21* 8.432 8.104 9.178 0.06363
22% 8.417 8.003 9.194 0.07076

Fz2 xpHEFENSER
Table 2 Damping ratios at multiple test points on x-

axis
(LR ST f/Hz fHz f,/Hz ¢
7* 7.487 7.209 8.032 0.05497
9* 7.487 7.222 8.032 0.05411
11# 7.487 7.235 8.003 0.05131
12% 7.487 7.235 7.988 0.05034
13* 7.487 7.222 7.960 0.04929
14* 7.487 7.222 7.960 0.04929
15" 7.487 7.183 7.931 0.04998
17 7.473 7.196 7.917 0.04825
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Table 3 Resonance frequencies and damping ratios
on x- and y-Axes

(Al )& T.28) YOI T25%)
Bz e B Hz FHJE tb
7.485 0.05094 8.431 0.07031
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Fig. 9 Laboratory setup for random vibration test
on z-axis
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Fig. 11 Acceleration response curves from z-
direction random vibration test (first 1 hour)
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Fig. 12 Acceleration response curves from z-
direction random vibration test (last 1 hour)
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Fig. 13 Finite element model diagram (a) lateral

direction, (b) longitudinal direction
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Table 4 Material properties of structural components

AR TR
WE mmmmy TRy ORI
/MPa /MPa
AL
7.85E-09 210000 0.3 200
1(SPCC)
Q355 7.85E-09 210000 0.3 355
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FT7RN o

L b A 5 R 8 I 445 ) R 2 L P 15 B
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Fig. 14 Boundary conditions
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Mounting method of test fixture to battery
cabinet
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Table 5 The results of the finite element modal
analysis
X(H )5 12) y(m ) T 3)
(i1 HiFIHz o4 I Hz
1 6.473 1 6.782
2 7.727(+3.23%) 2 8.746(+3.74%)
3 10.930 3 10.659
4 13.496 4 13.638
5 13.661 5 13.659
6 15.548 6 15.490
7 16.241 7 16.715
8 17.401 8 17.435
9 18.231 9 17.974
10 18.733 10 18.780
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Fig. 16 Comparison of x-axis sweep vibration
simulation and test acceleration response
spectra
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Fig. 17 Comparison of y-axis sweep vibration
simulation and test acceleration response
spectra
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Fig. 18 Displacement contour plot of battery cabinet
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Fig. 19 Stress contour plot of loading device
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Fig. 20 Stress contour plot of battery cabinet
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