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its parameter variation rule
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Tab.1 The rotating coupling mechanism parameters
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Tab.2 System parameters
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Fig.5 System constant voltage output conditions at
different Lt
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Tab.3 PSO algorithm parameters
Zz HoMH
[ULmins ULmax)/V [31, 33]
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Fig.10 Profile of optimization function with respect to

particle generation
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Tab.4 Experimental parameters

Zz H oAl
Lp/uH [48.1,71.0]
Rp/mQ [95, 135]
Ls/uH [50.7, 96.6]
Rg/mQ [132, 165]
M/uH [19.1, 73.3]
W R [0.39, 0.89]
Lr/uH 21.9
Cr/nF 115.4
Cp/nF 508.3
Cs/nF 60.8
Fon/MQ 39
Eos/uJ 40
Vop/V 650
In/A 20
Opp/pC 1.45
I p/A 12
VelV 0.42
Rp/mQ 42
f/kHz 100
Rt/mQ 68
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Fig.13  Output voltage and current waveforms of primary

inverter and secondary at different axial misalignment
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Fig.14 The measured values of system output voltage and

efficiency with axial misalignment
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Fig.16 The measured values of system output voltage and
efficiency with radial misalignment
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Fig.18 Output voltage and current waveforms of primary

and secondary side under axial misalignment switching
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Fig.19 Output voltage and current waveforms of primary

and secondary side under radial misalignment switching
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Anti-Misalignment Method of Detuned Wireless Power Transfer System
Considering Coil Parameters Variations
Jia Yahui Chen Fengwei Wang Zhihui  Su Yugang Li Yang
(School of Automation Chongqing University Chongqing 400044 China)

Abstract Wireless power transfer (WPT) technology provides an effective way to solve the problem of
stable power supply for rotating equipment. However, in practical applications, the relative misalignment
between the rotating side and the stationary side is inevitable. In the practical application of WPT system, due to
the presence of ferrite cores, the misalignment of the coupling mechanism will significantly affect the
self-inductance and mutual inductance parameters of the coils, resulting in output power fluctuations and
efficiency reduction. In order to enhance the anti-misalignment capability of WPT systems under changes in coil
parameters, this paper proposes a detuned WPT system anti-misalignment method that considers changes in coil
parameters. The detuned WPT system is constructed using changes in coil self-inductance to counteract the
output power fluctuations caused by changes in mutual inductance.

Firstly, using the finite element simulation software, the parameter variation laws of the rotary coupling
mechanism under axial and radial offsets were summarized. The study found that the self-inductance and mutual
inductance of the coupling mechanism have the same trend of change, and the degree of change is similar within
a certain offset range. And based on this, the idea of using self-inductance changes to dynamically adjust the
degree of system detuning to offset output fluctuations caused by mutual inductance changes was proposed.

Secondly, the influence of parameter changes on system operation was obtained through circuit analysis, and
the constant voltage output conditions for the degree of receiver detuning and mutual inductance changes were
derived, providing a theoretical basis for the coupling mechanism design and compensation parameters
optimization. The coupling mechanism design revolves around the number of turns on the secondary side, and the
compensation parameters optimization is based on the particle swarm optimization (PSO) algorithm. With the
goal of constant output and efficiency improvement, the compensation topology parameters of the

inductor-capacitor-capacitor-series (LCC-S) are comprehensively optimized to achieve good axial and radial
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anti-misalignment capabilities of the rotary WPT system.

Finally, a 170 W experimental setup was constructed to validate the effectiveness of the proposed method.
The experimental results show that within the range of axial offset £30 mm and radial offset +5 mm, the
maximum mutual inductance change of the rotary coupling mechanism is 74%, the self-inductance change is 48%,
and the coupling coefficient is 0.39 to 0.89. The maximum output voltage fluctuation is only 9.5% (axial) and
2.8% (radial), and the maximum efficiency of the system is 93%. This method utilizes the equilibrium
characteristic of the parameter changes for the coupling mechanism itself. Its significant advantages lie in simple
and effective structure, no DC-DC converter, no communication and closed-loop control, and a more stable and
reliable system. It is particularly suitable for WPT system in harsh environments such as high temperature, high
voltage, and high-frequency vibration underground, reducing the failure rate of the system and improving power
supply reliability.

Keywords: Wireless power transfer (WPT), parameters variations, anti-misalignment, detuning, particle

swarm optimization (PSO) algorithm
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