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Development of Battery Charger for Electric Vehicle using the LLC Resonant
Converter

Gyoung-Man KimT, Jong-Uk Yoo', Tae-Kwon Kim', Chan-Ho Kang', and Tae-won Chun®

Abstract - This paper deals with LLC resonant converter of on-board charger for electric vehicle charging.
Generally, the on-board charger must have a very widely charging voltage, higher efficiency, higher power
factor, lower volume and lower weight. For reducing the switching losses, voltage and current stress of the
device, the on-board charger is apply the half-bridge LLC resonant converter topology. To have a wide voltage
range, it is design the hardware parameters and determine the switching frequency range of the LLC resonant

converter. The experimental results show a wide charge voltage.
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EV(Electric Vehicle),

LLC resonant converter, half-bridge DC/DC

S ¥ T e 2P TE HESte], 198, 1E8E 59
SHAEARY AF FPA A7)H 5SS wer=E
aysh A, A7rAe vlsd 540 Al 8%
o w14, 1EE, aAEERe] gAY F47]
o] 54E& X A aFHaAHy aFs A9
ol o £A4S APsy] s XY A8
(resonant DC-DC converter) E& 24| & o]-&3 Gt

&

22913 7]%(Zero Voltage Switching)o] &gt}
i wF dgew ArAEAL whiHE F3
3 9l 33kWHE HAE 7] RS 9ske] LLC
338 ZAWE(LLC resonant converter)E 283}
219 F7 7AW E (series resonant converter)7} -5}
g =9 AgAEd )
M H
A

[
sTE

3, wEEzl
(parallel resonant converter)7} Z4-3FA] &2 0]
4 @21 FYAYY ¥WEE
LLC #x% 7AHE ¢
T HEHe7t oA Wi,
3} (resonant frequency)ﬂ ke
gxzo] AUk 23] 1-1%
g AoiHet E F
=l W aF dde
g A7 250 ~ 40V B dAgs =9



444 LLC 331 7A¥E S 2 A7) A g2 gl E 2

A e LLC 3% AME Aojst 44 35
FEW AR, AFF 5L A 29E 2ol
e s

Lﬂfﬂ 719 AA
*VE“ TRES L}E}LHJ« e 111 Al ACDC W3k
¢} DC/DC W2 -4 ¥ o] ‘»’lﬂr AC/DC W gk

ZeE AR 9 aiddel dErRAI= (Power
Factor Correction, PFC)& &3t A dAg A/
doz WMEHY, o= YA DC/DC HMEHE F3tof

HEZE SAAZ & de 483 dd" Frdde
2 A
PFC 32+ AFALEE=(Continuous Current Mode,

CCM)E 24 9akH o) (Two-—phase interleaved) PFC
BoostE &35t} Boost W42 PFC Aol Al
Sho] F-2l7F glom 7 19 DC/DC skt #7]4
o=z g&3717F 4ot dwkA <l PFC Boosteh= o2 A
2709 2lAE st el BEsly 180% 944AE Ut
A FwAste] HHEYES il oo we} o] A%

Aol dET FdH &%

- [71
Aze 4 g0l Aw & 29 & g
2% 91743 o] PFC Boost® ©d© PFC Boostell ]3]

- . _ -
omle] 2914 AR Qe A3 FAW xS o
o PN B o
S g Jdoeng FEaze FiE 122 &9 AR F
SEEs
AC/DC Converter DC/DC Converter
— et b H
IDAC AC 10 PFC LLC . DC DC
amey Bea 1 H| Resonant Full Bridge | | Output
nomV L e i Boost _'_ Converter Rectifier: 1) Weimer |
1 1 ] T

|lnput5ensin5 || PFC Control ‘ | LLC Control ‘

Output Sensing

I MAIN Control J

CAN BUS I

Fig. 1 Block Diagram of OBC

Vie

Fig. 2 LLC resonant converter

FH7) N

o 2y B o=EdA HEd  shrBeA(Half
Bridge) LLC %13 ZAWEHE o]&3g DC/DC HHHE
Uehflar ok stZEEA DC/DC AHEE EEEA
(Full Bridge) DC/DC ZIWElo] H|a] ¥-Fo] Zpo} =&
£Ao] A, AnE, ARY, 293 2E#H 2~ Az 7
@3t Ao] 59 o]HS 74 EV ¥ PHEV ®Ad S
719 H|Z A5 sl %] EZE Aot}

FEaAe] A7lE Eol7] 8 =2 293 FIig
b 2FE A o2 Qe A4S A7sly] fls JAY
2$1%(Zero Voltage Switching, ZVS)7} 7}s3k LLC
XY AWy EEZA7F d9siaih

22 LLC 38 #Hu{E MA
stzH g LLC &% AvEs 3 o] HEw
2508 HdYs ddste =20
2Jo|t}, LLC #4138 ﬁﬂ%ﬂfﬂ ek wdol oisl g
o A 47 @ARh Z9 A A (first
harmonics approximation)< }*‘10}04 F SUISIRE
vehld 29 33 2o
WHG7le] A n=N/N, ¥ 225 FetAE R
o 19 39 %ﬂﬂioﬂfﬂ 2Z§ oA S 122
] 5]

A S B TS 2ol Erd 4 b
2
Rac - 8%]?0 (1)

L’Vl
Vo a2 "
Vi jw| 1+ L ! + L [ 1 -’ !
/ L Jrc| L \G ") R,
o] At 5L 74 ), Ra(‘,:gifzi AEE
&g AN 4 Aot
Z 22 1 wZ P
Q= ”:_2._.202 2";’ 3)
R, 8r* R, 8V
CT LI’
o—| LITR o)
vJ ng Rﬂ0§ VO
O O

Fig. 3 AC equivalent circuit of LLC resonant converter
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Fig. 4 DC characteristic of LLC resonant converter
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Table 1 Design parameter for half bridge LLC converter

Parameter Value Unit
Rated Power 16 /33 kW
Input Voltage 110 / 220 +10% Vrms
Output Voltage 250 - 450 Vde
Output Current 124 /13 Ade
Ripple Voltage < 10 Vpp

Switching Frequency 65 - 200 kHz
Resonant Inductance 10 uH
Resonant Capacitance 110 nF

T2 2 =ioA] Atd EZEAE AEAIR @
AAY 498 7N e 33kWHE HAE T4 RS
ebia Sl

a7 62 33kW dF-stell Al PFC Al &2 T WF4
A wFAHATIE A AE 1olA s2eks A
= BAFI Aot FH7] =9 gelA 1xn 2E
ditol A AAR ARAEY A AF AP B
o] =31 9lth.

ag 7S EEAY 20VeE we sIAFe 94
o, FHAFE HeEIh  3HF] S A o+
T &(-)9e el B2 AFUF dAA zEE
As d T U

Fig. 5 Prototype of OBC
ekirov)

| AC Input Voltage AC Input Current

Fig. 6 Charger input and output waveform

Charger Voltage Charger Current |



LLC %1% ZHH

He )
g4 LLC %{163
BHEYTH A2

e
T A Qhel

Fukgre] A

A
o
=

' 320v 1

10A

- A e

250V

Fig. 8 Output voltage waveform at fs = 150kiz

Fig. 9 Output voltage waveform at fs = 68kiz

Hua8

94.0%=
a3 1

E%
1}
1—4

soll A o
4 ot 29 o

oA
99.6% =

o o
&

23517}

2~3
T H

-5]—1:]-

g0 B/ Ul 29
F5he 1)1, = 19 2913 %ﬂ#}
@ tiolm, gol w7

Aatst T35 f/f.

50V ‘3-1 250V el A
el 3 &
, 9EO]

Al
7}

W o N xS
qp do 2 W =2 ol
ﬂmi“mbﬁ

=)

Efficiency

=80 =2500v]

——Vo=3301V]

—4—Vo=450[V]

4 5 6 7 8

Current

9 0 11 12 13

Fig. 10 Efficiency curve

Power Factor

—B—Vo=250V]

=—+=V0=330[V]
——Vo=450[V]

4 5 6 7 8
Current

9 10 11 12 13

Fig. 11 Power factor curve



The Transactions of the Korean Institute of Power Electronics, Vol. 18, No. 5, October 2013

(1]

(2]

(3]

(4]

(5]

(6]

[7]

6]

(7]

(8]

References

M. M. Morcos, C. R. Mersman, G. G. Sugavanam, and
N. G. Dillman, “Battery charger for electric vehicles,”
IEEE Power engineering Review; pp. 8-11, Nov. 2000.
I. A. Kahn, “DC-to-DC Converters for Electric and
Hydrid Vehicle,” Power Electronics in Transportation,
pp. 113-122, Oct. 20-22, 1994.

Y. C. Chiang, Y. L. Ke, H. S. Chuang, and H. K. Chen,
“Implementation and analysis of an  improved
series—loaded resonant dc-dc converter operating above
resonance for battery chargers,” [EEE Industrial and
Commercial Power Systems Technical Conterence(ICPS),
pp. 1-8, May 2008.

Chang-Yeol Oh, Jong-Soo Kim, and Byoung-Kuk Lee,

“Design  of Optimal Resonant Frequency  for
Series-Loaded Resonant DC-DC Converter in EVs
On-Board  Battery  Charger  Application,” The

Transactions of the KIPE, Vol. 17, No. 1, pp. 77-84,
Feb. 2012.

Hang-seok Choi, “Design consideration of half bridge
LLC resonant converter,” Journal of Power Electronics,
Vol. 7, No. 1, pp. 13-20, Jan. 2007.

Bong-Chul Kim, Ki-Bum Park, Chong-Eun Kim,
Byoung-Hee Lee, and Gun-Woo Moon, “LLC Resonant
Converter With Adaptive Link-Voltage Variation for a
High-Power-Density Adapter,” /EEE Trans. on Power
Electronics, Vol. 25, No. 9, Sept. 2010.

Wujong Lee, Ju-Kyoung Eom, Byung-Moon Han, and
Hanju Cha, “Design and Experiment of Three-phase
Interleaved DC-DC Converter for 5kW Lead-Acid
Battery Charger,” 7he Transactions of the KIPE, Vol.
16, No. 3, pp. 227-233. June 2011.

BL. Sheng E. Jansson A. Blomberg H-O Bjarme D.
Windmar, “A New Synthetic Test Circuit For the
Operational Tests of HVDC Thyristor Modules,” Paper
presented at IEEE PELS APEC2001 Confrence on
March  04-08, 2001, at Anaheim, USA. Conf.
Proceedings, pp. 1242-1246, Mar. 2001.

T. Bauer, HP. Lips, G. Thiele, T. Tylutki, M. Uder
“Operatonal Tests on HVDC Thyristor Modules in a
Synthetic Test Circuit for the Sylmar East Restoration
Project,” IEEE Transactions on Power Delivery, Vol.
12, No. 3, Jul. 1997.

ML. Woodhouse, T. Simanwe “A New Facility for
Testing HVDC and SVC Thyristor Valves,” B4-309,
CIGRE 2006.

447

HE (27 m)
3 19714 18 112, 1996 24 MY|=
7 stot Zel 19099 £ cistYl M7IZst
= So(AAD. 20029 S ChErY MYIHAYE
AAHT oD SASE, SR GOIXIERY
A SMATY BH BATBIHS MW

TS S(RE8)
198214 42 1624, 2007 ZH&lch H ofA
= el 20074 ~2010d @S0t
20104 ~ 813l FoIX ERHA

337}

ZEl 2 (& RHE)
196811 12 34, 1995 Bhe H
o B¢ 20134 sr M7|3S

. 19954 ~2008H FSotdHF

H. 2008 ~ &R FOIXERHA

P25 (ERm)
504 4% o}
stu £, 19964 EF i M7|s5=t
(A{A. 2008 SOJOLH(Y) MetF A2 3|

(=t8h, 19884 ~1989H LGHEE
: 2l 1989¢1 ~2008 SOl E A
20084 ~ 3 K| GIOIX|E 2 A CfEO|A}

aall
re mg m@ o

ol

MEf (2R E)

1950 12 302M. 1981 RAH M7=

st 2. 1983 M-S0 oistel MI|sst

} Z%(@‘ h. 19874 & oisdl M7|58

I EA(Z4EH. 19964 ~19974 Tennesseett

5F ghREwg 20054 ~2006E O1= Virginia
L BA S MYIMAIYEA| AR S SR W



