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Hybrid Electric Vehicles (HEVs) are developed to be operated with two kinds of power source
(Diesel Engine and Electric Motor with Rechargeable High Voltage Battery Pack). HEVs for
military vehicle require high reliability to provide stable powers under serious environment such
as vibration and shock. To ensure normal operation of battery pack under serious environment
such as vibration and shock, the high voltage battery pack needs to have appropriate dynamic
characteristics. This paper presents a design procedure for high voltage battery pack with such
characteristics. An isolator design is proposed to reduce vibration and shock. Associated random
vibration and shock response of the high voltage battery pack are simulated under conditions
suggested by MIL specifications. Its dynamic characteristics and vibration and shock responses

are validated with experiments.
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Fig. 5 Response of the vibration of the battery module
by MIL-STD 810G at Z axis
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Fig. 6 Response of the shock of the battery pack by
MIL-STD 810G at Z axis
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Fig. 8 Characteristics of isolator(NC-2060)
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Table 1 Modal effective masses for battery pack without
isolator

Freq. Modal effective mass (%)
(Hz) X Y Z RX | RY | RZ
1 |56.78| 0.03 | 0.00 |52.81| 0.00 |34.00| 0.00
12 | 143.0 | 19.12| 0.00 | 2.88 | 0.00 | 13.49| 0.00
14 | 1573 17.60| 1.26 | 1.17 | 1.54 | 0.11 | 0.31
15]163.7 | 2.14 [20.64| 0.17 [25.94| 0.09 | 4.61
19| 181.4 | 4.08 | 1.30 | 15.49| 1.72 | 4.59 | 0.46
22 1205.2 | 0.08 | 16.83| 0.01 |22.61| 0.00 |20.83
52 1396.0 | 0.00 [24.71| 0.02 | 1.95 | 0.00 |20.52
Total 88.50|92.34 | 92.54 | 82.49 | 91.35 | 80.76
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Mode 1 . Mode 2 o Mode 3

Fig. 11 Mode shapes for the HEV battery pack with
isolators

Table 2 Modal effective masses for battery pack with

isolator

4 Freq. Modal Effective Mass (%)
(Hz) X Y Z RX | RY | RZ
1] 22.03 |83.76| 0.16 | 0.20 | 0.25 | 14.84 | 0.27
2| 23.08 | 0.26 [92.16| 2.60 |53.70 | 2.26 | 60.42
312387 | 0.14 | 2.57 |96.31| 0.74 |69.65| 1.72
43697 |15.54| 0.06 | 0.01 | 0.31 [12.54| 0.72
5] 38.84 | 0.24 | 0.00 | 0.00 | 0.01 | 0.10 |33.40
6 | 4831 | 0.03 | 498 | 0.00 |44.10| 0.03 | 3.41
7 | 80.66 | 0.00 | 0.00 | 0.83 | 0.01 | 0.52 | 0.00
Total 99.98199.94 1 99.96 | 99.12 |1 99.93 | 99.95
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Fig. 12 Total effective mass results for the HEV battery
pack with isolators
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Table 3 Comparison of measured and simulated
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