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Constant voltage and constant current self-switching output wireless
power transmission system based on hybrid topology

Yang Yi,Li Guiyu,Zhang Lu,Li Haixiao,Guo Ke
(School of Electrical and Electronic Engineering, Chongqing University of Technology, Chongqing 400054, China)

Abstract;: To address the demand for adaptive switching between constant current output ( CCO) and constant voltage output ( CVO)
during the battery charging process in medium-and low-power wireless charging applications, as well as the power and efficiency
degradation caused by magnetic coupling misalignment, this paper proposes a hybrid-topology wireless power transfer ( WPT) system
with self-switching capability. The system employs a single-switch hybrid compensation topology, enabling automatic switching between
CCO and CVO modes according to load variations, without requiring additional control strategies or hardware circuits, thereby simplifying
the system architecture. Both the transmitter and receiver adopt grid-type flat spiral ( GFSP) coils, which not only achieve natural
decoupling of same-side coils but also significantly improve the system’ s misalignment tolerance. The proposed topology is validated by
MATLAB/Simulink simulations under different load conditions, demonstrating smooth transitions between CCO and CVO modes with
efficient and stable output. Furthermore, a 36 V/6 A experimental prototype was developed for verification. Experimental results show
that the system can reliably achieves CCO and CVO self-switching under X- or Y-axis offsets of 30 and 60 mm, as well as Z-axis offsets
of 10 and 20 mm, while maintaining a peak system efficiency of 90. 6% under various operating conditions. These findings confirm the
effectiveness of the proposed hybrid topology in improving WPT system output performance, enhancing misalignment tolerance, and
simplifying control strategies, offering new design insights and technical support for medium- and low-power wireless charging systems,
especially those based on single-switch inverters.
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(a) LCC-S and S-S compensation topologies

connected in series on the transmitter side
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Fig. 1  Circuit topology of the hybrid-compenstated
single-switch WPT system
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(a) 3DILARE
(a) 3D schematic

(b) HIRRR
(b) Mutual inductance diagram

K2 GFSP #HAHLIY
Fig.2  GFSP magnetic coupling mechanism
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Table 1 Size parameters to be optimized, optimiztion
ranges and optimal values
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Fig.3 Influence of parameters to be optimized on
the coupling coefficient
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(a) Variation in mutual inductance and effective coupling
coefficient under X-axis misalignment
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(b) Variation in mutual inductance and effective coupling
coefficient under Y-axis misalignment
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Fig. 4 Variation of mutual inductance and effective

coupling coefficient under different misalignments
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Fig.5 Equivalent circuit model of the hybrid-compensated
single-switch WPT system
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Fig. 6 Equivalent circuit model of the system operating modes
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Table 2 Circuit parameters of the simulation model

28 Hufe 28 HufH ZH Hd
Ve 48.0V Ly, 24.06 pH Cpy 46.90 nF
f 200. 0 kHz Ly, 24.39 pH Cry 45.80 nF
Ly, 5.0 uH Ly, 24.19 pH Cp, 26. 17 nF
Ciov 65.0 nF Ly, 24.26 pH Cro 26. 06 nF
Cy 60.0 pF Mgy 6.30 pH Mypa 6.60 pH
Cy 220.0 pF Vit 36.00 V Iy 6.00 A

&7 5 BRI ZVS TAEPIE . WilE 7(a)
FER, 4Ry, N3 QI BB TAET CCO R, T 8 8T
TRHLRIEAE Vo R 183.0 V, 7EFF S48 FF i il e VR A% FL R
Vs CFER 0, SEPLITF 48 ZVS TRl i 7(b) s, 24
Ry, 430 Q B, A TR f R I Vo b 182.6 V, [H]
FESEIUFOCAS ZVS JFil, B IIER G TE CCO B FI
CVO ﬁiﬁﬁﬂ%ﬂ‘%ﬁﬁ%;‘éﬁ@ﬁwﬁﬁﬁ

K8 Jyfif B 45 % i S A B R B R B,
E 8(a) /R, X R, 79 3 QW BB TAET cco Bk,
i1 530 2 Y EE AT A LR R 36. 69 VLA

SCH 3,45 F13.43 AR HGEFAR, 40 TIE IR IR

E

> 200 _ Vl183.0V]

i} 18] /s
(a) Ry, =3 QEFHHER

(a) R, =3 Q constant current mode

I [ /s
(b) R, =3 QIEEHR
(b) R, =3 € constant voltage mode
Bl 7 JFRAE ZVS TAEE

Fig.7 ZVS operating waveforms of the switching device
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Fig.9 Dynamic waveforms during load switching
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Table 3 Circuit parameters of the experimental prototype

e HfH 2 e 2 i¢IEd
VD(,/V 48 LTI/M’H 24. 06 CTI/IIF 45. 34
f/kHz 200 Ly,/pH 24.37 Crp/nF 44. 46

Ly, /pH 478 Ly, /uH 24.19 Cpi/nF 2589
Cy,/nF 66. 24 Lyg,/pH 24.26 Cry/nF 26. 04
Cyp/nF 62. 65 Mpp/pH 6,31 Mppe/WH - 6.58
Co/1WF 272 Viu/V 36 I /A 6
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Fig. 11 ZVS waveforms of the switch under CCO mode
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Input voltage and current waveforms of the

rectifier under CCO mode
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Fig. 17 Output voltage and current variation curves

under aligned condition
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Fig. 18 Output voltage and current variation curves

under X-axis misalignment
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Fig. 19 Output voltage and current variation curves

under Y-axis misalignment
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Fig.20  Output voltage and current variation curves

under Z-axis misalignment
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Fig.21 Measured output power and efficiency curves

under aligned condition
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