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Based on LCC Resonant Converter
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Abstract

This study proposes a design method that minimizes a conduction loss of LCC resonant converter under

rated condition. Through a simplified analysis of the waveform of the resonant current, the power transfer

section and RMS value of the resonant current was analyzed mathematically and graphically. Based on this
analysis, the design method that minimizes the RMS value of the resonant current is proposed. To demonstrate
this method, this study designed a 7.5 kW (100 V, 75 A) capacitor charger based on LCC resonant converter
and the design parameters were chosen according to the process of the design method. Then, the capacitor

charger was implemented. An experiment was conducted to measure efficiency while satisfying design
specifications under rated conditions. This design method was verified to be effective by achieving 97.7%
maximum efficiency and design specifications under rated conditions.

Key words: Capacitor charger, Conduction loss, High efficiency, LCC resonant converter

.M B
A7) B2 AdE s T8 8 9 sy

2 qyA A AxEE ldg 9 AfAIEZE Tk

HEE duA AY aAE AMSs B4 opening

switch® T2& &

Aol A uk thA

ARAEE YA

switchE o] &3l A Z niEg 28 H9 T9 A
o]

o7} golstehs 44

o AquA AY st o

=]
22 e A% At w
A%

oy

Paper number: TKPE-2022-27-4-7
Print ISSN: 1229-2214  Online ISSN: 2283-6281

T Corresponding author: hjryoo@cau.ac.kr, Dept. of Energy
Systems Engineering, Chung-Ang University, Korea
Tel: +82-2-820-5178 Fax: +82-2-3280-5367

! Compressor & Business Team, Samsung Electronics Co.,
Ltd.

% Smart Electrical & Signaling Division, Korea Railroad
Research Institute (KRRI), Korea

3 Dept. of Energy Systems Engineering, Chung-Ang
University, Korea
Manuscript received Jan. 10, 2022; revised Jan. 20, 2022;
accepted Mar. 8, 2022
— =2 =22 20214 FHstsn 3
— 2 =22 20214 FAstat 3

Arke wao] ek ANAE S §3E 8 ok w
% aTHE B8 AR, B2 F3) ge B2 ALY
doz 34 A

o o8 AA x| fMWEiE A
oeer Mo Aghs Hal AYE Y #
Al AR A mAbso] aFHCh

g AN T2 AL o, 3 5 ok
& Eof MLEM oA e FHARE =2 &
7 101] ﬂ% ATF7F R = Qe

A7) A et 7 AE Ty A
?ﬂﬂEb 37 Foprel A9
A R=DCM)S A4 =4
RE(CCM)e EZZA7F th %ZJ S e et

g
FuprRTh 28 o) F Ag wds =3 EES THA
W AXE A9)Ho] bty Edh & ARY 548
AN Aest @20l hdrie 30 Q08 A8
o 29 A HY A Eda we 20 4R
g =4 Edo] At COME 293 F3571 &
A Fubg ol Gt ofsf g FEEr DOMe
W) Aede] Aths el qltk 2914 Fuag
TR FIE olgtol A & = REE AL EE
2A% 294 dael 93e B9 28S Aol



326 LCC 5% dug 7|wke] 1

2 Al BERAE 2909 Fu5 hig B4 A
olgtr] AXE ~gHo] shgetrt Pl e 44 7
Ay AWEE At WE I AYAEE Fhe
LCC 3278 AME7t At An’ LcC 3418 A
Hi Wl 7184ee RAR 28 sbes,
X A7 dHE AT ER st 331 A7
A5 v 2AEAS 22U 5 dve Aol dth
AN A E8 Al =2 290H FIg FEo=
Al 29 EHo] FrketE gHds R 2=
2 AR ol T He AUAE SHVIY AR
A FE FA7)0 Ay es Hgw i

2 =2 LCC 31319 AWy 7wk 188 A9 AIE
7] AAZIel gs) ek LCC 3313 7AH Y 3
Mg 7o FX AHF RMS e FA2 oz B8
Atk ol & wiEo 2 EAEHES HAiglehe AAVIHE
AlFstt}, o] Z PSPICE AlEdloldy} A8S Fal A7
7199 58S AT

BoE=Rd bdfs 185s8 A9AE F47]= LCC
A8 AvE 7o g AlFEdoew a7 19 LCC
g 7AWE EEZZAE YRStk LCC 318 A
= AHEE, FHHYA, ¥yY], AFEE F4E
= 29 (sw, ~ SW4) %ﬂtﬂ‘“ﬁ KMOEQ} EatE)
ANAEH(C,, ~ C,)

snd

H

R z%%}oi umo}#
&

e

REER

AN, %
=
=

N
—
(@)
(@)
Ok
2]
09k
o,
=
o
oln
ik
o
u

o
=
fru
:\l]:
_>L
o
o
fu
=%
Hop
DA
b
i
o
Ui
Ir
-
L
[\
=,

S T 1004 B2 FAA(= 7, )
Fo(f, 0 2A AA Hojo

AAEss) HE 22 ARAEsR
=2 A4at, Atele dhe 23
A AFE Sdd 4E 20 AN
e 79 29 o] YEn

(]
L
ol
ol
£ojmr
L R
du o
=)
gmﬁ
oX oH
o =

[
o

d

=1 o M N X i

& 7|9AH 2

z{ 7] Pl 71]7]&1

Csn1 Conz Cp I_ - II'.-!'I
. J I 5, %
sle ssz c TLS' T %0, By
5 5
TR
Va e 3 I+
+ + Vs VC, v 5::V0ut
-"-_1"’1';1 VB _‘ ™ (S
N1:N2 o

l
=]~
=

Conz Cona |— T %
A ek R

Fig. 1. LCC Resonant converter topology.
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Fig. 2. Resonant current and parallel resonant capacitor
voltage waveform of LCC Resonant converter.
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Fig. 5. Graph of the current ratio(7 ., /I,) according to the

frequency ratio(f,,/ f,).

TABLE 1
SPECIFICATION OF CAPACITOR CHARGER
Parameter Value
Input voltage (Vi) 510 [v,]
Rated load output power (P,) 75 [kW]
Rated output voltage (Vi) 100 [V]
Rated output current (L) 75 [A]
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TABLE I
SPECIFICATION OF CORE AND WINDINGS
Parameter Value
Core EC120+101%30

Core material PC40
Effective cross sectional area (A4,) 773 [mm?]
Effective magnetic path length (1) 255 [mm]
Saturation magnetic flux (at 100C) 380 [m7]
First winding 0.07/1800
L 0.07/1800
Secondary winding 4 parallel

Turns ratio 0.22
Leakage inductance 245 [pH]
Primary Side

Secondary Side (1)
Secondary Side (2)
Secondary Side (3)
Secondary Sdie (4)

Fig. 6. Design of the transformer.
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TABLE I
DESIGN PARAMETERS OF LCC RESONANT
CONVERTER

Parameter Value
Switching frequency (f;) 100 [kHz]
Parallel resonance frequency (f,,) 385 [kHz]
Series resonant inductance (L) 245 [pH]
Parallel resonant capacitance (C,) 6.98 [nF]
Series resonant capacitance (C) 1.0 [pF]
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Fig. 7. PSPICE simulation under rated condition.

Fig. 8. Photograph of the implemented capacitor charger.

TABLE IV
IMPLEMENTED PARAMETERS OF CHARGER
Parameter Value
VS-QAZ50FA20
Rectifier diode(D;~Dy)
(200V, 250A)
Inverter Switch(SW;~SW,) CIMOZ80090D
(1200V, 100A)
Parallel resonant capacitance at
secondary side of transformer(C,) 141 [nF]
Capacitor Bank(Cgorage) 120 [mF]
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Fig. 9. Experimental result with load resistor.
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Fig. 10. Experimental result with capacitor bank.
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Fig. 11. Efficiency of the implemented capacitor charger
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