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Research on crosstalk simulation of high and low voltage wiring
harnesses in ground equipment power conversion system

Xiong Ying, LiXiaojian, Wang Biao, Zhang Ying, Du Xiaolin,  Nie Xiuli, =~ Wang Tiannan
(EMC Laboratory, China North Vehicle Research Institute, Beijing 100072, China)

Abstract: The high-speed switching of power devices such as MOSFETs and IGBT switches in power
conversion systems will generate high amplitude and broadband electromagnetic interference (EMI), which is the most
common and unavoidable EMI for electric vehicles. At the same time, interconnecting cables are the carrier of signals
and energy transmitted by electrical devices, the antenna effect of cables is the main pathway for EMI radiation
propagation, and is one of the main sources of system electromagnetic compatibility (EMC) problems. To analyze the
electromagnetic coupling between the high-voltage power conversion system and the low-voltage control system, this
paper takes the pulse width modulation (PWM ) wave generated by the IGBT as the EMI source, and uses the actual
cable as the analysis object to construct a high and low voltage harness crosstalk model. The simulation analysis
analyzes the near-end crosstalk voltage of multiple types of low voltage cable under different conditions of cable
spacing and ground distance, obtains the anti-interference performance of low-voltage cables, thus provides guidance
for the wiring of the system cable harness.
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Fig. 1 Common mode voltage simulation waveforms
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(a) harness 1/harness 2 (b) harness 3

Fig.2 Electromagnetic structure model of signal cables
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Fig. 3 Near end crosstalk coupling voltage on different types of signal cables
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Fig. 4 Near end crosstalk coupling voltage of shielded cables with different cable spacing
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Fig. 5 Near end crosstalk coupling voltage of shielded cables under different cable to ground distances
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Fig. 6 Topology of a high voltage power supply
transformation system
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Fig. 7 Signal cable layout and its electromagnetic model
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Table 2 Electromagnetic model parameters of signal cables

No. cable name start port end port length/mm cable type
1 VCU-ECU N1 NI1-1 50.00 single cable
2 ECU-DC/AC NI1-1 N1-2 70.71 single cable
3 DC/AC-motor signal cable NI1-2 N1-3 950.00 twisted pair cable
4 VCU-controller 3 N2 N2-1 60.00 twisted pair cable
5 controller 3-monitor N2-1 N2-2 84.85 twisted pair cable
6 monitor-controller 2 N2-2 N2-3 480.00 single cable
7 controller 2-controller 1 N2-3 N2-4 141.42 twisted pair cable
8 controller 1-DC/DC converter N2-4 N2-5 400.00 twisted pair cable
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Fig. 8 Near field coupling voltage of signal cable between ECU and DC/AC
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Fig. 9 Near field coupling voltage of signal cable between ECU and VCU
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Fig. 10 Near field coupling voltage of signal cables between VCU and controller 3
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Fig. 11 Near field coupling voltage of signal cables between controller 1 and DC/DC
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