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Research on random vibration fatigue of high-voltage electrical box
based on FKM standard

LI Zhenping, LI Hua
(Zhuzhou CRRC Times Electric Co., Ltd., Zhuzhou, Hunan 412001, China)

Abstract: The high voltage electrical boxes on metro vehicles are subjected to random load during operation. In order to ensure op-
eration safety, it is necessary to ensure that the fatigue strength of high voltage electrical box meets the design requirements. Aiming at
the problem of aluminum plate mounting bolts at the three-position switch of the high voltage electrical box become loose during the op-
eration of a metro vehicle, the fatigue strength of the high voltage electrical box is evaluated according to the standard load and FKM pro-
vided in GB/T 21563—2018 standard. The calculation results show that the fatigue strength utilization of aluminum plate is greater than
1, and the fatigue strength cannot meet the requirements of standard FKM. Through the impact test of the high voltage electrical box, in
the longitudinal random vibration, the aluminum plate cracked and the bolts become loose, which verified the accuracy of the longitudi-
nal random vibration simulation results. Based on the simulation and test results, the structure of the high voltage electrical box is im-
proved. After the improvement, the fatigue strength of the high voltage electrical box meets the design requirements.

Keywords: high-voltage electrical box; random vibration; FKM standard; fatigue utilization; structural improvement; urban rail

transit; metro vehicle
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Fig. 1 Finite element model of high-voltage electrical box
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Fig. 3 Nephogram of longitudinal random vibration stress
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Fig. 4 Nephogram of vertical random vibration stress
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Fig. 5 Nephogram of transverse random vibration stress
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Table 2 Summary table of fatigue utilization

of high voltage electrical box
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Fig. 6  Structure illustration of high voltage electrical box
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Fig. 7 Fatigue utilization of longitudinal random vibration
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Fig. 8 Fatigue utilization of vertical random vibration
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Fig. 9 Fatigue utilization of transverse random vibration
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Fig. 11 Diagram of sticking position of triaxial strain rosette
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Table 4 Comparison of stresses on measured point

of longitudinal impact MPa
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Fig. 12 Cracking of aluminum plate and loosening of bolts
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Fig. 13 Improvement of aluminum plate structure
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Table 6 Summary table of fatigue utilization

of high voltage electrical box
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Fig. 15 Nephogram of longitudinal random vibration stress
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Fig. 16 Nephogram of vertical random vibration stress
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Fig. 17 Nephogram of transverse random vibration stress
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Fig. 19 Fatigue utilization of vertical ramdom vibration
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Fig. 20 Fatigue utilization of transverse random vibration
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