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Fig.1 Novel soft-switching bidirectional DC-DC
converter based on LLC resonance
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Fig.2 DC gain equivalent circuit of traditional
LLC converter
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Fig.3 DC gain equivalent circuit of improved converter
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Fig.4 Simulative waveforms when f, <f,

FH G IE T AT, 7 2 1 [ B8 F IS 1) TR T AR
YIS EE T — 0, T S Y RESE B ZVS, &
TANIF AT Y RESL P ZCS, TR Bs, 7 EL &5 SRl o R
FLBGHR L T X 2%
32 XWER

BAE T — 258 500 V-A G T P g fe
ARG LI FEL , R A ST B 3 F LLC iR
B BT A AR T W] DC-DC AS e g Fh , SR B b %
FN T AR IR BN AT AR . SCIRAEHIL AN S ]
A5 (a) FT7R , A0 46 22 ) R A % 48 o Hh 85 IR o oL I
FURFEHL B . B AR SCI0F & WP S P I AS (b) T
7R, AL FE IR L A B R U BRI PC AL

52 1) FL [ SR FH TT B9 TMS320F28062 1y 3 8¢
SR 5 A IR Bl 4as i (8] st T gk E 1 B SORE AR
KL R HRAE  EAHLIEAToh A R . RSl R
FH IR UCC21520 I 2546 S I re 3% 2 30 2 56 B g 3K

t:4 ps/div
(d) Vi, Ve, iwe

Ves:10 V/div
Vas:50 V/div
i5:20 A/div

t:4 ps/div
(€) Vs, Vag,iss

isi:2 A/div

Vs Vi : 250 V/div

t:4 ps/div
(f) VLml ) Vdsl ’ iSl

BES5 f<f BEWHEE

Fig.5 Experimental waveforms when f, <f,



26} L/ AR {7 G-

®39%

5 (a)—(c) by 1E [m] B R AL 2R 400 V i AR
[ <[ WISEESIE . K S(a) P IR HL I i), 7R IR B0
B )5 B H AR E 75 8 F — MRS . B’ S5(b)
HOEIRSN R Y, ER AT G LR Y, AT
30, SCF T P ZVS, RIS LI 5 (e)
Vo Fligy AT, FEAR AU A — 4 45 S TR i, 328 7
fRE] 0, BB T 48 v H KV, JF IR B TE, T 45
FEONAFAE IR T A8 P g ) L R S5 6 HEFE L, L
Wi 185 2 BA S, ELAE B H 2 T L e RS
WM X I UE T IR B S HT A
PEZE R IE M BEEBE £ > f B 5256 0% 8 an b
S A6(a)—(c) FiR .

B 5(d)—(f) 2 Jz o) FH BT 48 V 5 A BT
fo<f W ELEBREIEIE ., S, iERE R, [
FEAE 35 B 0EAE 5 20 B IR AR 5 % B — i iR s
o EIs(e)d, vV, AESRE MRV, BRATE £ TR
F 0, [FIAESEEL T H R ZVS, B S R
] 4 — B A5 O W AT T DG4S FLI g, B TR AR B 0, 1L
WF V., JFUE BT, e T S R v 118 L X
EHAR U i, [FIRE S B TR o S Il T AR
AT L > f BB T anp s h A6 (d)—(f) TR o

LR LGB 5 RN B s rp 1] A6 TR, el U AR 4
A I 1] A R 1) T AR 20 AR, 24 RE S B
LLC ¢, FFSC B M ZVS FnEE iy 2CS.

SEESAEHLES A T 2 B T LLC 3O SR R A
S RERS ST T A W BRTT 56, A B T A F i
FIVRE FF 6 L B R A T T e AR e, e — 2 4 i
AR ) TAES R Jal D w2 IR R, TRl il T
e AR A e e i =, kb 17 28 g I L, R
R T AE R AR IFE . (R, Bl G 25 H a8 T AR 2R Y 3
Jin, REVERS R R 2 AR R , DI REAIG T A8 $6e
ARERRCR . JESEAIFGE P aT DASE A [ 2 U i ol
Jr 2Ok HE— 21 E AR AR ) TAERICR .

Pl 6 Ry A% 46 2% 7E 1E [ B R R I o) T A X
B TAERCR . FENLAS e 25 55 AH OC Rl M 8 10 3 40
500 W IR it I A DV R . B R
TAERF, B A KL R 400 V, & R 50 V, FE TR N
492 W B SRR KM 95.5 % 5 I 1) Tt T AERT,
B AL TR Ry 48 Vit R 380V, 7E T3 Ol 509 W
BRI N 96.5 % o X AL — 25 B0IE T 3T a3k
P e SRR

98 T i e A X

R

N S 1) T+ AR

Er 90

£

82 : : : : ;
100 200 300 400 500 600

/W

Elo HMBEHL
Fig.6 Prototype efficiency curve

4 g

ASCEE XS PGB BE R G S bR SR AR T —Fb
FEF LLC (938 B AL DC-DC 28 #e g8 4h 40 . 4041 1
TR 25 1E 1] % S 1) T TARREAS 45 T
BT S BLAAE: , RIS 3 T — 30500 V- A (Y5256
FENLIGAIE T AR W g iR . X iR e 45 A 15 %
LLC BRI R A2t AL 58 PWM 4 H i A% TR
M H 6 B o5, 7 1 1) R0 B2 1) T AR R 2y g sz ot
FERAE ) A SRETT 5, TR i R s ik — 25 B AR AR TR 3
[ O B s iR . R, T4 1 A A e 2 AR
T P A e 2 48 P Rt e 9 DC-DC % 4 1
Yty  ERRAR 2R G0 A 14 Ta] st B0 A 0 voi O e B o o

P Sk LR F) W 25 58 (http : / www.epae.cn)
S ELHK:

[ 1] SEVERNS R P. Topologies for three-element resonant con-
verters[J]. IEEE Transactions on Power Electronics, 2002, 17
(1):89-98.

[ 2] BATARSEH 1. Resonant converter topologies with three and

[—

four energy storage elements[J]. IEEE Transactions on Power
Electronics,1994,9(1) : 64-73.

[3] YANG B,LEE F C,ZHANG A J,et al. LLC resonant con-
verter for front end DC /DC conversion [C] /IEEE Applied
Power Electronics Conference and Exposition. Dallas, TX,USA:
IEEE,2002: 1108-1112.

[4] LEE 1 O,MOON G W. Analysis and design of a three-level
LLC series resonant converter for high- and wide-input-
voltage applications[J]. IEEE Transactions on Power Elec-
tronics,2012,27(6) :2966-2979.

[ 5] JEONG Y,KIM J K,LEE J B,et al. An asymmetric half-
bridge resonant converter having a reduced conduction loss
for DC/ DC power applications with a wide range of low
input voltage[J]. IEEE Transactions on Power Electronics,
2017,32(10) :7795-7804.

[6] CHO T H,KIM Y D,MOON G W. A half-bridge LLC reso-
nant converter adopting boost PWM control scheme for hold-
up state operation[J]. IEEE Transactions on Power Elec-
tronics,2014,29(2) : 841-850.

[7] LI Z,WANG H. Design of a secondary side regulated LLC
based integrated PEV onboard charger with full ZVS range
[C] //IEEE Applied Power Electronics Conference and Ex-
position. Tampa, FL,USA:1EEE,2017:1394-1400.

[ 8] i, VO, B A W], 55 . R 80AY LLC IR AL e B A X s )
demk[1]. F I A B EBEF,2015,35(1):71-78.

PAN Haiyan, HE Chao, JIANG Youming, et al. Efficient va-
rant mode control of LLC resonant converter[]J]. Electric Po-
wer Automation Equipment,2015, 35(1):71-78.

(9] BIE,BUMR, 70, 55 . 75 MOSFET Wit #iY LLC 22 £

BE I I ) e T Bt (0], o A ki 4, 2017, 37(3)
175-183.
LU Zheng, YAN Xiangwu,SUN Lei,et al. Selection and calcu-
lation of LLC converter dead-time considering turn-off tran-
sient of MOSEFT[J]. Electric Power Automation Equipment,
2017,37(1):175-183.

[10] Dhifh AR . — R LLC A5 HeRi il 4 I 46 S 8027 ik
[J]. i L BL T #2740, 2008, 28(33) :6-11.

MA Hao, QI Feng. An improved design method for resonant



F 128

5y RS 4 T LLC SR A H T X X1 DC-DC AR 2 27]

tank parameters of LLC resonant converter[J]. Proceedings of
the CSEE,2008,28(33):6-11.

[11] FANG Z,CAI T,DUAN S,et al. Optimal design methodology
for LLC resonant converter in battery charging applications
based on time-weighted average efficiency[J]. IEEE Tran-
sactions on Power Electronics,2015,30(10):5469-5483.

[12] WU X,HUA G,ZHANG J,et al. A new current-driven synch-
ronous rectifier for series-parallel resonant (LLC) DC-DC con-
verterJ]. IEEE Transactions on Industrial Electronics,2011,58
(1):289-297.

[13] 30 B E . — Rl IR Rt 46 o a2 e [0 ], W A
Ffki % ,2012,32(10) : 83-87.

YUAN Yisheng, GONG Changwei. Resonant push-pull DC-DC
converter[J]. Electric Power Automation Equipment, 2012, 32
(10):83-87.

[14] CHEN W,LU Z,ZHANG X,et al. A novel ZVS step-up push-
pull type isolated LLC series resonant DC-DC converter for
UPS systems and its topology variations[C] /IEEE Applied
Power Electronics Conference and Exposition. Austin, TX,USA:
IEEE,2008:1073-1078.

[15] BRBG, BAET. HOaHOT AR LLC IR AL i i M HAR HMNESH

[J]. BITLRS5A4R (L) , 2010, 44(8) : 1540-1547.
CHEN Wei, LU Zhengyu. Novel soft-switching push-pull type
LLC resonant converter and its topology investigation[J]. Jour-
nal of Zhejiang University (Engineering Science),2010,44(8):
1540-1547.

[16] LU Y,WU Q,WANG Q,et al. Analysis of a novel zero-
voltage-switching bidirectional DC / DC converter for energy
storage system[J]. IEEE Transactions on Power Electronics,
2018,33(4):3169-3179.

[17] Th, B S, XI5 . —Fhogn 8 X ] #0F-5C DC / DC AR 4%
BHBTFRAAELT ] oL THAR R, 2006,21(7) £ 15-19.

MA Gang, QU Wenlong, LIU Yuanyuan. A novel soft swit-
ching bidirectional DC-DC converter and its ZVS condition
[J]. Transactions of China Electrotechnical Society,2006,21
(7):15-19.

[18] CHEN W,RONG P,LU Z. Snubberless bidirectional DC-DC
converter with new CLLC resonant tank featuring minimized
switching loss[J]. IEEE Transactions on Industrial Electro-
nics,2010,57(9) :3075-3086.

[19] KIM E S,PARK J H,JOO J S,et al. Bidirectional DC-DC
converter using secondary LLC resonant tank[C| /IEEE Ap-
plied Power Electronics Conference and Exposition. Charlotte,
NC,USA:IEEE,2015:2104-2108.

[20] JIANG T,ZHANG J, WU X, et al. A bidirectional LLC re-
sonant converter with automatic forward and backward mode
transition[J]. IEEE Transactions on Power Electronics, 2015,

30(2):757-770.

EE BT

HFZ(1966—), %, #dT I A, K
B FEHRAEAFIT L, LT T @A
LR A w5 AR MM (E-mail: ylzwyh@
xtu.edu.cn) ;

FHFU91—), 5, #@m B aA M
AR A, TR R I @A K& DC-DC &
# 2% (E-mail: liqingping2017@163.com) ;
=3 I P(1974—), 5, K BEA, B

BIARNF W, TR T @A ST K

%

ptl

R
% F(1962—), % , A& HEA, HE IR, M, £
BHR T 6 A IR B Z AL KA K
(%% F4)

Novel soft-switching bidirectional DC-DC converter based on LLC resonance
YI Lingzhi',LI Qingping',HU Yanshen®, LONG Xin’
(1. Hunan Province Engineering Research Center for Multi-energy Collaborative Control Technology,
Xiangtan University, Xiangtan 411105, China;
2. Shenzhen MOSO Electric Co., Ltd.,Shenzhen 518000, China;
3. XEMC Wind Power Co.,Ltd., Xiangtan 411100, China)

Abstract:In order to further improve the power density and efficiency of the battery-side bidirectional DC-
DC converter in the household energy storage system,a novel soft-switching bidirectional DC-DC converter
based on LLC resonance is proposed. The converter effectively reduces the transformer turns ratio and im-
proves the conversion efficiency. The converter can realize the bidirectional LLC characteristic in the asym-
metric half-bridge topology, and all the switches in the converter can realize soft switching. At the same
time, the converter has a simple structure and can apply synchronous rectification technology, thereby ha-
ving the advantages of high efficiency and low cost. The realization process of the soft switch of the conver-
ter is described,and then the resonance characteristics,the related parameters and the realization conditions
of the soft switch are analyzed. Finally,a 500 V+A experimental prototype with a high voltage side of 350~
400 V and a low voltage side of 45~50 V is fabricated,which verifies the effectiveness and practicability of
the proposed converter.
Key words: household energy storage; bidirectional DC-DC converter; LLC resonance; soft switch; push-pull
half bridge ; double-pressure half bridge
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