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Abstract : In this study, electromagnetic compatibility(EMC) is incorporated into the development of power control system
boards at each stage, starting from the initial phases to mass production. Overlooking the EMC factors during the early stages
can result in delays in manpower for debugging and disruptions to development schedules over time, thereby causing
difficulties in product development. Therefore, it is essential to address EMC from the initial design phase. The proposed
method introduces a simulation technique using a partial element equivalent circuit to obtain more efficient and accurate
results when designing a battery equalizer, which is a power conversion device. To obtain accurate results, the relationship
between the power cable and the measurement table was included, and the EMI filter, combined with the parasitic component
of the PCB and the bus bar, was modeled as a partial element equivalent circuit. This method enables a faster and more
accurate conduction noise analysis compared to the existing FEM and MoM. In addition, noise sources generated by major
switching devices were identified through debugging analysis and compared with the experimental results. Simulation was
then used to identify the factors affecting conduction noise. The simulation results from the EMI conducted noise analysis
model applied to power distribution units in this study demonstrate a good correlation between the simulation results and the
experimental results across all conducted emission(CE) bands.

Key words : Battery equalizer(HjE]2] o]&z2}o|A)), Printed circuit board(Q14 3]2 7|3, Conducted emission(H =4 BF
%), EMC(Electro-magnetic compatibility), Partial element equivalent circuit(F-+94 5713 2)

Nomenclature DUT : device under test

PEEC : partial element equivalent circuit EMC : electromagnetic compatibility

FEM : finite element method

MoM : method of moments

EMI  : electromagnetic interference
ESL  :equivalent series inductance
™ . time domain ESR  :equivalent serial resistance
ECU : electronic control unit

GND : ground

FD : frequency domain
CM : common mode .
DM  : differential mode L : inductance
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LISN : line impedance stabilization network
PCB  : printed circuit board

PI : proportional-integral

R : resistance

VNA : vector network analyzers

RBW :resolution bandwidth

FFT  : fast fourier transform
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Table 1 Main features of the most common EM simulation

techniques
Method FEM MoM PEEC
Formulation | Differential Integral Integral
Soluti
© .u on Field Circuit Circuit
variables
Solution
K TD or FD TD or FD TD and FD
domain
Cell
. Nonorthogonal | Nonorthogonal | Nonorthogonal
geometries
Cell flexibility Same TD/FD
Advantages Complex Cell flexibility | model combine
materials circuit & EM
To solve a large | Computationally | Computationally
Drawbacks .
linear system heavy heavy
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Analysis Method of EMI Conducted Noise for Automotive Battery Equal

Reflecting Test Envir t Using

Partial Element Equivalent Circuit Extraction Technique
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Analysis Method of EMI Conducted Noise for Automotive Battery Equal

Reflecting Test Envir t Using

Partial Element Equivalent Circuit Extraction Technique
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