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Research on cable strong electromagnetic pulse coupling and protection
simulation of vehicle engine mangement system

Zhu Ting, Fu Huafang, Yang Guochao, Yu Zunian
(Dongfeng Off-road Vehicle Co., Ltd, Wuhan 430056, China)

Abstract:  Strong electromagnetic pulse can be coupled into vehicle engine management system (EMS) through
external cables, causing interference and even damage to EMS equipment. Electromagnetic protection components can
provide support for vehicle EMS protection design. This article takes vehicle EMS as the research object,
comprehensively considers EMS equipment and its external connecting cables, establishes an electromagnetic
simulation model of EMS equipment, and conducts simulation research on the port coupling characteristics of cables
of different lengths and the induced current on the surface of EMS metal shell. Based on protective circuit simulation,
an electromagnetic protection component applied to vehicle EMS equipment was designed. The simulation results
show that the protection component can limit the 5 kV electromagnetic pulse to the maximum peak amplitude of 18 V,
and the protection efficiency reaches 48 dB. Adding the protection component to the EMS cable interface can
effectively improve the reliability in strong electromagnetic environment, which has certain reference significance for
the electromagnetic protection design of the vehicle platform control system.

Key words:  electromagnetic pulse, vehicle, protection device, electromagnetic protection, cable coupling
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(a) schematic diagram of cable routing (b) cable L1 (c) cable L2

Fig. 1 Wire harness routing diagram and simplified model
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Fig. 4 Coupling voltage waveforms of cable port when excited by modulated Gaussian pulse signal
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Fig. 6 Coupling voltage waveform of the cable port when the starting end of cable L1 increases in the z-direction
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Fig. 7 Surface current distribution at a frequency of 1.5 GHz
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Fig. 8 Schematic diagram of EMS overall circuit
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Fig. 10 Electromagnetic pulse transient simulation results
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