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Research on optimization methods for coupling coils
in multi-load MCR-WPT systems

Jiang Bing Wang Zibo Liu Xiang Tao Kai

(School of Automation, Nanjing University of Posts and Telecommunications, Nanjing 210046, China)

Abstract: To address the common issue in traditional multi-load MCR-WPT systems, where misalignment or improper placement of
charging equipment often leads to a decrease in charging efficiency, a parameter optimization method for MCR-WPT systems based on an
adaptive genetic algorithm is proposed. Firstly, the impact of load radial offset, load quantity, transmission distance, and load resistance
on system transmission efficiency in multi-load MCR-WPT systems is analyzed, and the results are verified using a combined simulation
with Maxwell and Simplorer. Subsequently, an adaptive genetic algorithm is employed to find the optimal solution for key parameters
affecting system efficiency, such as load radial offset, load resistance, and transmission distance, thereby achieving the best transmission
efficiency for the system. The simulation results indicate that the overall transmission efficiency of the optimized system reaches 83. 2%,
a 7. 7% improvement compared to the efficiency before optimization. Finally, an experimental platform for the multi-load MCR-WPT
system is established for validation, and the experimental results show that the overall transmission efficiency of the optimized system
reaches 81. 6%, an 8.2% enhancement over the pre-optimization figures. Both simulation and experimental results confirm the
effectiveness of the proposed adaptive genetic algorithm-based parameter optimization method for multi-load MCR-WPT systems.
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Table 1 The total transmission efficiency of a

12.5 x 0.43=5.38 W, BBRNn=-"""=72.6%, &

system in an axisymmetric state

T RBER/cm 6 7 8 9 10 11 12
KEINR/W 44,46 44.38 43.69 43.19 42.55 42.03 39.72
PRI R /W 5.38 5.13 4.76 4.27 3.81 3.14 2.39
BAEERE/%  72.6 69.3 65.4 59.3 53.7 44.8 36.1
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Table 2 Total Transmission efficiency of the system

in non-axisymmetric states
7 A% EE B/ cm 6 7 8 9 10 11 12

REIHE/W 45.73 45.3444.8343.4943.7142.87 41.06

UL ERIEIEhR/W  5.81 5.76 5.72 5.64 5.49 5.23 4.92

Qe A ARIEINIIR /W 5.57  5.32 5.05 4.76 4.26 3.57 2.70
BAERECR % 73.6 71.4 69.1 66.2 61.3 53.8 44.9
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Table 4 Comparison of GA and AGA simulation results

GA AGA

F5  RRE EREcE e FE IR fRHEeE/ %
1 19 0.59 1 27 0. 66
2 25 0.67 2 30 0.68
3 31 0.71 3 34 0.76
4 38 0.78 4 39 0.79
5 44 0.78 5 42 0.81
6 55 0.79 6 45 0.83
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Table 5 Parameter optimization results

By BRMES/om REREE/Q AR/ cm
GA 8.16 16.73 6.12
AGA 8.07 15.50 6.03
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Table 6 Relationship between radial offset

distance and system transmission efficiency

R iEs, bR, LT EmEeR, LR REeR/

cm cm % %

6 8 73.6 81.6
7 8 71.7 78.5
8 8 69.3 74.6
9 8 66. 5 71.5
10 8 61.8 65.8
11 8 54.9 59.1
12 8 45.6 48.9
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Fig. 14  Relationship between radial offset distance and

transmission efficiency before and after optimization
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Table 7 Relationship between transmission distance

and system transmission efficiency

L4 e/ i wE AL %4 MALSE 14
cm PR B/ cm eV eV
5 6 67.5 76.1
6 6 69.5 78.3
7 6 70.6 80.0
8 6 73.6 81.6
9 6 71.9 79.2
10 6 71.5 77.8
11 6 70.3 75.8
12 6 67.2 72.9
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transmission efficiency before and after optimization
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