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Power Capability Enhancement of a VSI/CSI Mode-Switching WPT System Utilizing CSI Boost
Characteristics Under Low Coupling

Shunsuke Hino, Keisuke Kusaka (Nagaoka University of Technology)

This paper proposes a wireless power transfer (WPT) system with topology-switching capability between a voltage-source inverter
(VSI) and a current-source inverter (CSI) to handle variations in the coupling coefficient. Conventional VSI systems require high-
voltage-gain designs for low coupling, forcing large phase-shift operations to suppress excessive output under nominal conditions.
This step-down operation generates severe circulating currents within the inverter bridge, degrading efficiency and imposing high
current stress. To overcome this dilemma, the proposed system adaptively switches to the CSI mode under low coupling to utilize
its inherent boost characteristics. The CSI mode enhances voltage gain via phase-shift control to maintain target power, eliminating
unnecessary circulating currents through a current-interruption mechanism during short-circuit periods. Experimental results
demonstrate that when the coupling coefficient drops from 0.3 to 0.2, the CSI mode maintains target power, achieving a significant
power increase compared to the VSI mode. Simulation results confirm that the proposed method suppresses both rms and peak
device currents. These results validate the system's efficacy in preventing overcurrent and reducing current stress, protecting

switching elements during power transfer.
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Fig. 1. Circuit configuration of the proposed WPT system.
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Fig. 2. Generalized theoretical output power characteristics.
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Table 1. Experimental and simulation parameters

Parameter Symbol Sim.value Exp.value
Resonance frequency f 85 kHz 85 kHz
Input voltage Vi 222V 111V
DC-link inductor Lpe 500 pH 530 pH
Capacitance of series resonant capacitors Cgj, Cg, 30.1 nF 29.9 nF
Capacitance of parallel resonant capacitors Cp,, Cp, 70.1 nF 69.9 nF
Inductance of resonant inductors Lg,Lgy 50pH 51 pH
Inductance of coils L,L, 166.6uH 167,164 pH
Capacitance of smoothing capacitor Cyn 66 uF 66 uF
Load Resistance R 333Q 333Q
Nominal value of Coupling coefficient k 03,02 03,02
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Fig. 3. Generalized theoretical output power characteristics
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Fig. 5. Simulated inverter waveforms in proposed CSI mode
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Fig. 6. Simulated inverter waveforms in conventional VSI mode

Table 2. Comparison of device current stress.

Specification B Specification A

Evaluation item Reduction rate

(Conventional VSI) (Proposed CSI)
8.06 A 491 A
RMS current Zsyy s (Normalized: 1.46) (Normalized: 0.9) 38.2%
16.25 A 739 A
Peak current 7 s pear (Normalized: 1.47) 54.5%

(Normalized: 0.67)

VST BEJEFIE & b, T30 2RBFTOEDEE 38.2%, B—
I % 545%E L TEFOERA PV RAEEMTELHT L
BHEFELTZ, 51%I1%, T— FBATRICE T 2BENR Y AT
LDISEEBEZ TS5 & &b, hRa Y-8 Bz Of|
M7y X602, G100 OBRBICEENRESND A A
v F L TP —=DOMERE T L TY X LOBMEEED D,

X ik

(1) A. Farghly, et al.,"A Comprehensive Review of Wireless Power Transfer

Techniques for Electric Vehicle Charging", IEEE Access, vol. 13, pp.
199683-199710 ,2025.

(2) B. Batkhishig, et al., "PWM Techniques for Two-Level Voltage Source
Inverters: A Comparative Study", IEEE Access, vol. 13, pp. 86235-86255,
2025.

(3) M. Budhia, et al., "Design and Optimization of Circular Magnetic Structures
for Lumped Inductive Power Transfer Systems", IEEE Trans. Power
Electron., vol. 26, no. 11, pp. 3096-3108, Nov. 2011.

(4) S. Li, etal, "A Double-Sided LCC Compensation Network and Its Tuning
Method for Wireless Power Transfer", IEEE Trans. Veh. Technol., vol. 64,
no. 6, pp. 2261-2273, June 2015.

(5) S. Samanta, et al., "A New Current-Fed CLC Transmitter and LC Receiver
Topology for Inductive Wireless Power Transfer Application: Analysis,
Design,and Experimental Results", IEEE Trans. Transport. Electrif., vol. 1,
no. 4, pp. 357-368, Dec. 2015.



