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Abstract: In response to the prevalent challenges of the wide frequency ranges and complexity of
electromagnetic interference (EMI) sources during the design process of electric vehicle onboard
chargers, a method based on port impedance testing for equivalent circuit modeling and system-
level collaborative simulation is introduced. Initially, impedance testing and three-dimensional
electromagnetic simulations are performed on various components of the on-board charger system
to develop models for passive devices, port filters, and high-voltage shielded cables, extracting

high-frequency parasitic parameters from key printed circuit board. Subsequently, simulation program
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with integrated circuit equivalent models for active devices are established and validated for accuracy
through double pulse experiments. To address the challenge of synchronizing simulation and modeling in
the power factor correction circuit’s control loop, a co-modeling approach is employed to build the
equivalent circuit model of the entire system. Finally, the individual component models are
integrated to develop a comprehensive conducted EMI prediction model for the on-board charger
system. Simulations and experiments are performed in accordance with relevant testing
standards. The results reveal that within the 150 kHz to 30 MHz frequency range, the prediction
accuracy deviates by less than 9 dB from the actual results, indicating strong consistency. This
suggests that the model can accurately predict the conducted interference levels at the high-voltage AC
side of the on-board charger system, thereby offering valuable insights for electromagnetic
compatibility design.

Keywords: on-board charger; port impedance testing, electromagnetic interference; co-simulation
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Fig. 3 Differential and common mode interference propagation paths in OBC systems
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Table 1 Other parasitic parameters of capacitors

HL A R AR AE/ nF L./nH C/nF R./Q
22 6.4 22.1 0.102 2

4. 7X10° 12.2  4.52X10° 0.1583
100 0.32 116.73 0.018 5
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Table 2 Parasitic parameter table for other inductors

AR PR/ H L/uH C,/pF R/Q
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Table 3 Parasitic parameters of high-frequency transformers

E 2 HME E 2 ME
L,/uH 0. 89 C./pF 6.10
L./uH 0.67 C,./pF 96. 25
L,,/pH 71. 89 R,/Q 0.358
L../pH 135. 76 R./Q 0. 664
C,/pF 12.53
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Table 4 Parasitic parameters of shielded cable model
R.;/mQ 0.16 C,/pF 445. 56
R, /mQ 2. 80 C,/pF 9.76
L. /nH 439.98 C;/pF 6.48
L.,/nH 401. 14 C,/pF 6. 64




o513 AN,

<R B T BEL DT X A 7 TS L WL A% S T D B R AT Y 179

2.6 PCBEHAESHIRN
I PCB #4250 2 242 L PCB I 4%
Joes PFE B RLC 2850, B % A= o 8 35 4F 8 BH AN
A A o A AR R A AT AR LB O PCB AEZR A
B B, A A B R N A L A B R X B B RO
B G0 R R
¥ PCB AR = 4B R S A 2 = 4k ’a ik 37 $C1F
oL X PCB H i 45 J2 RO R4 7 R M i L 4G
LR A LR RS L [ I PCB LA 45 8 K1] 43 A k4
¥ I BT S8 WG TS 5 L U7 EL00 8
. IR S IBAT LR O LR L RV RT B IRUAS [R) 45 R
T PCBELAFESH.
T+ PCB kit 2 AURRE 3 hxHE STk

ZEHAR | LISN SERLI SEURIEBE A

L, R L, R L R
if*kzmég()

i%#ﬁ@ﬁﬁ%ﬁwc

ST S T i R T A 2 [l I B A S N3k 5 TR L B
i P P i 3 PCB AR A MR A 122 b 5 22 [ 0 A 2
B, AR SR SR B b i A8 gl 17 BiR.
Hor, ABS Sy s XHE PT hy H A5 F0 R 2 42

A5 ZEWMBHFTERKEK

Table 5 Parasitic parameters of the main circuit

] C/pF R/mQ L/nH
Q8S-CT5 0.8134 2.0336 10.2192
CT5-PGNDI1 2.457 5 1.0504 15.027 2
PGND1-Q6S 3.1399 1.4244  30.9401
Q5D-PUdc 2.574 4 1.4601 31.0081
Q7S-Q10D 2.2325 1.0244 11.1794
PUdc-Q7D 4,649 4 2.0118 53.7012
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Fig. 17 On-board charger system model
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