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Abstract

The reliability of high-voltage power converters, which play a key role in driving electric vehicles, is becoming increasingly important
owing to the rapid popularization of electric vehicles. In particular, the DC-DC converter, which plays the most basic role among the
components of the power conversion system of an electric vehicle, uses a high-voltage battery as a source to propetly control and
provide the voltage specifications required by each electronic device, which significantly affects the electrical efficiency and performance
of the vehicle. In this electrical interaction process, reliability problems such as electromagnetic waves between electronic devices and
driver safety problems are crucial owing to the use of large batteries. High-voltage DC-DC converters applied to electric vehicles can
be designed using various topologies. The LLC resonant topology, which can be implemented with ZVS and ZCS to minimize electrical
losses in high-speed switching environments, is often used. Therefore, this study analyzes the characteristics of electromagnetic
EMI-conducted emission noise under the ZVS switching operation conditions of LLC converters and presents critical factors related
to the optimal design of noise reduction.

Key words: Electric Vehicle, LLC Resonant Converter, EMI, Conducted Emission Noise, ZVS

U 2V EE AYHEA A s,

S A E At A 8H3Hd 714 F2(EM Environment R&D Department, Korea Automotive Technology Institute)
*Jdi ety A 7])3 83 Department of Electrical Engineering, Yeungnam University)
- Manuscript received March 17, 2024 ; Revised March 22, 2024 ; Accepted April 1, 2024. (ID No. 20240317-025)
- Corresponding Author: Jun-Ho Cho (e-mail: jhcho@katech.re.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

443



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 6, June. 2024.

I.M &

A712ke] 37}t A WA DC-DC AW E & 7+&
TAL A %51—7‘}%]7]- 7<17];<]-,] & 2] _—IL/H QA" 7%
al

[¢]
AEE Uehdth §/8% S 20
7t 2, 979 A7) oﬂLi A& 2 W
glol T4 %, o7 7k Fee] A7)y A R
7] 918l AWE S} AWE § oF %
A7} JJOo}E}

rSL
ofN
S
do,

o2

AAE 2 o%a A 2
78 ol xm U4 2 H7] NEE ASHOR
W ol Tk E59 xj_w—g- W, o

AATE A% PR G2 A% gulo] GFS WA, 2
golu} Al g AT 4 7] Wl At 47
el A%, heF TAY ME A2HE AGHEL,
A B BAZ QA AL B 2 A2

ox
_V}i N rulrl ox L off

fo o kI 9 rlo

—_—

— DC Voltage

__ AC Voltage

/ o |
HV Battery
(800V) — v
. Lbc Battery
‘ = — 2y
3kW | |
soov aoov N
2 o SR —
Inverter

vvvvvvvv
10kW T60kW

Inverter
(Front)

A6kW

= D i P e ) i ke e
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Table 1. Specification of LLC resonant converter.

Parameter Value Unit

Input voltage 500 A
Output voltage 100~300 \%
Load 5 kW
Resonant frequency 90 kHz
Resonant inductance 56.6 uH
Resonant capacitance 383 nF
Magnetizing inductance 120.1 uH
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Table 2. Output voltage by switching frequency.

Frequency [kHz] Output voltage[V]
90 305.1
100 302.3
110 300.6
120 299.8
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Fig. 10. CE noise by frequency change.
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