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Abstract: The double-sided LCC compensated inductive power transfer (IPT) system with constant-voltage (CV) output
suffers from the problem of low efficiency under light load. To solve this problem, based on the idea of approximate optimal
solution, a parameter design method for double-sided LCC compensation topology was proposed. The zero phase angle
condition in CV output mode and the loss of a loosely coupled coil were analyzed, and a 6.6 kW prototype was built to verify
the proposed method. Experimental results show that the system efficiency can be improved with the proposed compensation
parameter design method, especially in the case of light load. The system efficiency can reach 95% under full load of 6.6 kW
and 93% under light load of 1.32 kW.
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Tab. 2 Double-sided LCC compensation parameters
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Fig. 7 Voltage gain and phase of input impedance under

changes in frequency and load

4 SLIRISHIE

BT 1 5861 LCC#MER) 6.6 kW T4k AL RES
SAERL, NIEl 8 iz, —IRMERHI AR #E, 10
AT A MOSFET & C3M0030090K , MOSFET
UK Bhe i UCC21520 5 YRR FH 4T R it FRL 6

R WSk DSEI20-06A, {#if] TMS320F
28335 Lt bR M AR T E ] . SRAME ST
RIS 20 ) —dAMEES L, (AR 2R | 3%
ARSI IR EA TC0, %) EE 2 FORRI S E ik
BHIAGA LCC *METCEAL RE RGEMIRHE

8 ET il LCC #MERT IPT REELIHEA
Fig. 8 Prototype of double-sided LCC compensated

IPT system

41 BEEDHETHRER

SR FSCHR18] 7 B A% 5e J5 vk B He s Hh M
S8, DRSS 1.32 kW, 4.50 kW il 6.60 kW
B4 SEBIE AN &l 9 7R o SR AR SCse ik it
AMESEL, MRS SER I anE 10 s, vy,
AR AR L, i, AR AR L

HI1E 9 FT I, SRHMEGAMES BRI T iE Nt ,
TER B E AR, ¢ A IR E AR ARAE
o, H1 24.6°0/NE 6.2°0 5 10 XAl L, KA
AR CFERAMES BT i, TER AR E O R
T, RGRESHAFHSEIE ZVS, i R R E A
M, @, M 73.8°W/NE 39.6°,

S, R R, AT
5 B — A N R A2 e R, i (B /DN, 2 el 4t
FET/IN, JUHAERRENT, RABCRI R . [RIEE, R
ARSI AMES BT I IERT i Fli Z [ AH
PEATER, RAEFTSCoT, AP S e,
IPT RGRCF T

UEAh, e R, R AAS SCRME S L
B IPT R4 R E, Fth i
JEAE 400 V (9+3%LANES, G 11 Bk,



202 I - 5523 %
T ~ v,\l! ! [ -
s =] N e NN I I
1ALV 1SR SN
Sol = L S5 I g o N
-4 s NS i B
<2 /AT =2 N
Loy ii\\ i = §Q&§7KQ&Z::
T T TesHE ] T e300
1/(4 ps/t&) /(4 ps/t)
(a) 1.32 kW (c) 6.60 kW
_ -T Vi l ‘ | [- E 10 AREGAHNERRARGIHTHFENIRER
%Q S : l \i } 4 Fig. 10 Experimental results obtained using proposed
55 L_‘ L : \ ’ design method at different values of load power
=g i 500
T, =163° E 400 [sazeam
= 390
(4 ps/tE) &
(b) 4.50 kW 300 L L L L L
20 40 60 80 100 120

i, /(20 A/H)
)

V(250 V/

[

Ly

B9 ARGHINZERRARRZITHENLBRER

[}
Ly

no1p,=6.2°

A o RN
L& JS/ITT )

(c) 6.60 kW

Fig. 9 Experimental results obtained using conventional

design method at different values of load power

»

i i, 0,120 AVKR)
V(250 V)

i, /(20 A/K%)

v,/(250 V/H&)

i, 1,

! ! ¢,=73.8°
1/(4 us/k)
(a) 1.32 kW
W~ ~J
| A

‘ Mzvs |

J T

" T

153 ! 1
I
1
1

—

iL

0,=47.1°

(4 ps/tk)
(b) 4.50 kW

FARFLIE Q
B 1l £HHEENEHEE
Fig. 11 Output voltage in full load range
N T IKRGE S SRS, W DIRAE 6.6 kW
5 5.0 kW Z [k A SC B B antsl 12 s,
HHERARISRE, RGEAA RUFHSh SR

v,,/(250 V/A%)

Vap s

i, /(20 A/K%), i,,/(10 A/F%)

feyr .‘ | ZVS [ £ ALY [
S L =S SN B [ e
£3 ™ °F o
t— :5 > [ \j :3 i
1l(4 ps/H%) t(4 ps/tk)
(b) Bl (D Rk (c) F(@)@JmiBik kK

B 12 SEBRsRR
Fig. 12 Waveforms when load is changed
42 REME
13 SRRl DRI, ARGt ik fiA
S IE BT IPT RGEMRCE AETE )RR,
RSB I AR B TGk R h 3



52 1)

BEJgiE, SF . XA LCC MR BN fL RE L i RSB BETr 1% 203

6.6 kW B, ASCEIT I IESCRE N 95.0%, WIS
PARE T 1.5%; 18 20%%0 & ki, A Scikitor
RN 93.1%, HAEG AR T 9.2%.

98
95.6 95.0
94

../././.—.—I—I—I—H;:

ARG %
g

86 - AR
N e W R
83.9
82 L L 1 1 1
1 2 3 4 5 6 7
i T kW
E 13 AR AEREIT

Fig. 13 Comparison of system efficiency between different

design methods

5 4%k

ARSCRERGH LCC AMERIZE IR R 3 A T
ML, i T I CV it ZPA 4%
o S NS LB T B A, THEZE
A DR ST TIE, S AR T,
— AN R A BT FRL D =2 (B A AR 7 ff R T 90°,
RGBSR LS FEMEERE L, SRR
PR AR, BT 1 FXGH LOC #MESE T
Jrids, ISR LI TIE . SRR, A
SCAFBRESH T T LA OV B IPT RGeEAR 1
FNEOL T, BIREORREE RO . S G AL,
6.60 kKW ICRIZE T 1.5%, 1.32 kW IPRCRIE R
9.2%, SEELT WM LCC AMEMLZE IPT REe1E K5
MRCR AL

SEH:

(1] Zhll, AR, IR, 5 ETRAPR S BERmG

LA BB BRI T IVIR S HERERAD]. H T HARR,
2023, 38(20): 5369-5384.
Rong Cancan, Yan Lihui, Lu Conghui, et al. Overview on
research status and progress of wireless power transfer
technology based on metamaterials and metasurfaces [J].
Transactions of China Electrotechnical Society, 2023,
38(20): 5369-5384. (in Chinesc)

(2]

WU, TR, HAERE, A5 TR SR
Bt FETE[I]. ARER, 2010, 11(7): 1-6.

Dai Weili, Fei Juntao, Xiao Jiankang, et al. An overview
and application prospect of wireless power transmission
technology [J]. Electrical Engineering, 2010, 11(7): 1-6.
(in Chinese)

FEP, BRI, M2, % RIS LR TR
P BEOZ AL BT[] FIRAAAR, 2023, 21(6):
144-151.

Li Zhuoyue, Wang Chunfang, Wei Zhihao, et al.
Optimization and design of shielding layer in magnetic
coupler for wireless charging of electric vehicles [J].
Journal of Power Supply, 2023, 21(6): 144-151. (in
Chinese)

FERRIL, RIGER, Rbel, 5. T e ARG Uk
WS A BB SRR BEDTAR[T]. W TR,
2024, 39(7): 1932-1942.

Cheng Zhiyuan, Song Xiaoyi, Wu Xiaoting, et al. Loss
calculation and hot spot temperature research of rotary
electromagnetic coupler in wireless charging system[J].
Transactions of China Electrotechnical Society, 2024,
39(7): 1932-1942. (in Chinese)

BN, Frel, b, A LT HL A AR R Y R A
T2 W R g et 558l ). IR, 2023,
21(3): 170-182.

Hui Jie, Qiao Kai, Zhao Yang, et al. Design and
realization of open-circuit fault diagnosis system for
rectifier based on current sistortion characteristics [J].
Journal of Power Supply, 2023, 21(3): 170-182. (in
Chinese)

Ahmad A, Alam M S, Chabaan R. A comprehensive
review of wireless charging technologies for electric
vehicles [J].
Electrification, 2018, 4(1): 38-63.

BEAERI, s B0, i ). RGN U TC LR L R AL
ARG RACRIALBCE D], H T HARS R, 2021,
36(S1): 46-53.

Yin Zhenggang, Shi Liming, Fan Manyi. Optimal setting

IEEE Transactions on Transportation

of primary coil current for efficiency in electromagnetic
inductive wireless power transfer system [J]. Transactions
of China Electrotechnical Society, 2021, 36(S1): 46-53. (in
Chinese)

Qu Xiaohui, Han Hongdou, Wong S C, et al. Hybrid IPT

topologies with constant current or constant voltage output



204 H, b

iy

2

Eid 5503 %

(9]

[10]

(1]

[13]

[14]

[15]

[16]

for battery charging applications [J]. IEEE Transactions on
Power Electronics, 2015, 30(11): 6329-6337.

Patil D, McDonough M K, Miller ] M, et al. Wireless
power transfer for vehicular applications: Overview and
challenges [J]. IEEE Transactions on Transportation
Electrification, 2018, 4(1): 3-37.

Qu Xiaohui, Yao Yunchang, Wang Dule, et al. A family
of hybrid IPT topologies with near load-independent
output and high tolerance to pad misalignment [J]. IEEE
Transactions on Power Electronics, 2020, 35(7): 6867-
6877.

W, #9080 LCC-S BJoLk i R f& i R gLk
EFFHERTTEL]. hTHRER, 2019, 34(18): 3723-
3731.

Guo Yugang, Cui Naxin. Research on optimal configura-
tion and characteristics based on LCC-S type wireless power
transfer system [J]. Transactions of China Electrotechnical
Society, 2019, 34(18): 3723-3731. (in Chinese)

Wang Xiaoqiang, Xu Jianping, Ma Hongbo, et al. A high
efficiency LCC-S compensated WPT system with dual

decoupled receive coils and cascaded PWM regulator [J].

IEEE Transactions on Circuits and Systems II: Express
Briefs, 2020, 67(12): 3142-3146.

Mai Ruikun, Chen Yang, Zhang Youyuan, et al.
Optimization of the passive components for an S-LCC
topology-based WPT system for charging massive
electric bicycles [J]. IEEE Transactions on Industrial
Electronics, 2018, 65(7): 5497-5508.

Shi Guangyao, Guo Weifeng, Liu Xiaosheng, et al. A
double-T-type compensation network and its tuning
method for IPT system [C]/ 2016 IEEE International
Conference on Power Electronics, Drives and Energy
Systems (PEDES). Trivandrum, India, 2016: 1-5.

BEHE, RIETE, WIKEE, SE XGH LCC AT
2L HLREAL i AR G I RSE T T SRR BT I].
THARR, 2020, 35(S2): 355-362.

Cai Jin, Wu Xusheng, Hu Fengge, et al. Stability
analysis and efficiency optimization design of bilateral
LCC inductively coupled power transmission system [J].
Transactions of China Electrotechnical Society, 2020,
35(S2): 355-362. (in Chinese)

Li Siqi, Li Weihan, Deng Junjun, et al. A double-sided
LCC compensation network and its tuning method for

wireless power transfer [J]. IEEE Transactions on

[17]

[19]

[20]

(21]

Vehicular Technology, 2015, 64(6): 2261-2273.

Vu V B, Tran D H, Choi W. Implementation of the
constant current and constant voltage charge of inductive
power transfer systems with the double-sided LCC
compensation topology for electric vehicle battery
charge applications [J]. IEEE Transactions on Power
Electronics, 2018, 33(9): 7398-7410.

Qu Xiaohui, Chu Haijun, Wong S C, et al. An IPT
battery charger with near unity power factor and
load-independent constant output combating design
constraints of input voltage and transformer parameters
[J]. IEEE Transactions on Power Electronics, 2019,
34(8): 7719-77217.

ERH, 2T, PR, S FETRUN LCC AT
LR e 5 S I AT e M R L[] TRy
2, 2021, 36(23): 4981-4991.

Wang Peiyue, Zuo Zhiping, Sun Yue, et al. Full-duplex
simultaneous wireless power and data transfer system
based on double-sided LCC topology [J]. Transactions
of China Electrotechnical Society, 2021, 36(23): 4981-
4991. (in Chinese)

Zhang Wei, Mi C C. Compensation topologies of high-
power wireless power transfer systems [J]. IEEE
Transactions on Vehicular Technology, 2016, 65(6):
4768-4778.

Li Siqi, Mi C C. Wireless power transfer for electric
vehicle applications [J]. IEEE Journal of Emerging and
Selected Topics in Power Electronics, 2015, 3(1): 4-17.

{EE &I

B F(1998— ), 5, MRS
Ao WEFETT ). TRk REAL i o E-mail :
fanlh work@]163.com,

VFEEF(1963— ), 5, hIEH
Foxo by, BEEE, WL, B B
FEIT I FF AR AR A A | T
B IEBA . E-mail : jpxu-swjtu@
163.com,

TEMEQ997— ), B, A
WHFEJ7 1) : ToLk HL BB A% - E-mail : rensh
eng@my.swjtu.edu.cn,

fEHE(1996— ), 5, @
Ao BFFE DT T HLREAS i o E-mail:
Shuze he@163.com,

(GEAESAE 1K)



