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Equivalent Circuit Model Development of Busbar-Combined EMI Filter
Using PEEC Method
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Abstract

In an electric vehicle, the high-speed switching operation of the inverter becomes a major source of noise above the range of its
switching frequency. Since these conductive and radiative noises are transmitted to the power circuit of the vehicle and can cause
malfunctions and various accidents, they must be removed using an EMI filter. The motor drive circuit used in an electric vehicle is
designed to be a busbar because a current of ~100 A or more can flow through it, and a PCB filter is combined with the busbar.
Therefore, for predicting its performance and efficiently designing the EMI filter, an EM-circuit co-simulation, which combines the EM
simulation including the busbar structure and the circuit simulation of the PCB filter, is required. However, this requires a significant
computation time. Thus, in this paper, we have proposed a wideband equivalent circuit model that can accurately and efficiently predict
the performance of EMI filters combined with busbars. Equivalent circuits of all parasitic components, including the busbar structure,
have been presented using the partial element equivalent circuit (PEEC) method. Using the proposed equivalent circuits, the insertion
loss of the entire filter can be predicted by only a circuit simulation at the design stage. Finally, the insertion loss of the common mode
and the differential mode was calculated using the 4-port S parameter that has, in turn, been calculated using the equivalent circuit model.
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Table 2. Partial inductance and capacitance of split busbar
structure and ferrite choke.

P busbar N busbar
L4 (nH) 3.632 3.632
I, (H) P busbar 2.052 1.268
N busbar 1.268 2.052
Lo (H) P busbar 10.437 5.674
N busbar 5.674 9.24
Lierrite P busbar 13.28 13.278
(uH) N busbar 13.278 13.28

Cleorrire (PF) 2.113
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Table 3. Cable length and partial self-inductance for inter-
connection in the EMI filter.
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