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Design of 3-phase interleaved LLC Resonant Converter for ultra-fast
charging of Electric Vehicles with a wide output voltage range

Jae—Won Kim, Su-Seong Park, Rae-Young Kim
Hanyang University

ABSTRACT EV Charging System
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Fig. 1 Configuration of ultra-fast charging system for EV

LLC 73 743%151” PSIM Al% Jolds S8 A 2. 34 QE2lBE |IC B3E #HHH

o = [ ]

21 LLC 33 d AHAHEH EEEX HMH
Auld o F& ZA7|E 19 13} go] dE AE AdS
ol A5F #¢to g WasE= AC/DC AHE Y A7 A5=; vl
Elge] wHHshe &9 Mo WEs= DC/DC HWER T
A

.M &2

A AARR AT st 8ogr] e sor A AT
#4 Wsks qAsy] A A& Thed wA, AAA oA

e

Q 29 = s A= DC/DC AWEE A Fal 2A4dA4 142 ZVS 2 23}
Al 9 e F ]a Oii 7 &E3t A7 18 TLO]jm 70S BAS Ea A GO o] sty A
= T e o 213 =3 o Ea = =
aFAE 2472 AR 98 1874 s ARER e gJo] 7hs%k LLC ZAWE 7t B

o, i ANAER F80 Frheke FAlolT. A ArAE o A 254 33

A AzAHEE S Aol o7 Al dAls iadsr] fle)

=

?_]_

H] 22L& %] E o o 4
718 400VE e ol ¥ =2 A 800V HiH 71;%&;5;014 ;mrﬂf » =R A= 1 Zro) f‘} =y
G Agslel FAADE PR WIAEAE FNID A e ggstel Har-bridge LLC AW B BES U8
B ol ek HE AARERA AL 5 UEF WE T L) masn wusgon 2 el £a qeslat 4
A% WA o gl Mol apda slenl S A g aaay wae 2% 24 30 F A9 SaPe 48
€93 we FE Fol et W B SN qB A o T L a e T e das
S22 AW 9 QT ARER Gk A% FH AR 0 ST S 40 Fulltrice 75
}\]—}—\—Fiil E’%’% —ob})]'_‘g- '}I: 9;1]\}1:“ %Ao]' LLC '30171(_]85] Z__]H']E']7 \1—:%]_ H\f‘x% ] IL}E} Z_]'/tgpé jTLii 7}%@,2;;}1\1 53% %aj‘ ;ﬁﬂl H\:"x
of Ag¥ L vk AT 9 LLC ZHE 9] A5 ndE A Qo] A E2o] Thshth
2gel M AR gEe] F7hk W Ay e FEel e
Aol ek ol W Ao B QHHE LIC 00 AlAH EX mC
HE S AR SR el Jrostel ASW AR U 4 ms 1o 29 A9 a0V ol 75 2904 PelolE E
Fygol Assn wddRepl ARl A2 we BUS W o o0t aaohag o e e e
Lol B Rk W EH Ad WAL 20 WAL ) ) olean, woz 29 A 50V o5 75 24
% AEUE WA S W VAR FE B0 0 g% eus qne o el olssel Eadse
§ 3% AHHEE LLC 19 AWy Al dis) tEtt

-96-



c, 1, ™ _ %% T Y ow
S, S| S F""“i:hné:I:r x T .
1mf dmf 1 {i—lir i J. [
% X %X T v
Colo| ™5 F 1
Vo — 453 S,B ' m_:g”éjf % [
i N ﬁ_1_1: %]
_IE} S Y Y Y T
C, L, TR3 Y S ¥ J_
—_;__nLWﬁLiE”é:I:r F 3 T
Tt Ei—L“ %]
% % T

J8 2 34 elHE|EE LIC 37 7HE EEEX]|
Fig. 2 Topology of three-phase interleaved LLC converter
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Table 1 Design specification of three-phase interleaved LLC
conver ter for for ultra-fast charging of Electric Vehicles

Parameter Value Unit

e Ay (Vin) 650-820 VDC

=9 Ast (Vout) 150-1000 VDC

=9 A4Y (Pout) 30 kW

% F3k (Fr) 200 kHz

=913 Tk W9 (Fs) 150-300 kHz
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Fig. 3 (a) Equivalent circuit of operation mode 1, 2 (b)Equivalent
circuit of Full-bridge mode

34 QIE{E| B E Lic HHE] Gain §M
——K_100%_load
K_80% load
K_60% load
——K_40% load

OP_Gain

Gain (M)
SEE5 mmmm MNEN wwee SRR n

ONBORRNRNONNBNOWNRORSNRONN

L]

2

01 03 05 07 09 11 13 15 17 19 21 23 25 27 29 31 33 35 3.7 39

ZE Fats ofs] 2218 Fub IS (R

O 4 2™ 2ZE 19| LIC 7 M 0|5 M
Fig. 4 The voltage gain curve of operation mode 1
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Fig. 5 The voltage gain curve of operation mode 2
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Fig. 6 The voltage gain curve of Full-bridge mode
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Table 2 Resonant network parameters of three-phase inter leaved
LLC conver ter

Parameter Value Unit

78 9E 2 (Lm) 40 pH
57 Y™~ (L) 135 uH
=X AGAE 2 (Cr) 47 nF
WHe7] ©-1 (N) 1.09 -
Zhst 4 3 9" 2 H](h) 39 -
=4 A+ Q) 0.35 -
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Fig. 7 Voltage and current waveforms in Operation Mode 1
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Fig. 8 Voltage and current waveforms in Operation Mode 1
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Fig. 9 Voltage and current waveforms in Operation Mode 2
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