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Abstract: To address the issues of large mass, fragility under vibration, and resulting transmission
efficiency loss of magnetic cores in wireless power transfer systems, a tri-objective optimization
framework combining the non-dominated sorting genetic algorithm ]I with finite element
method, along with a hybrid ferrite-soft magnetic composite (SMC) double-layer magnetic core
structure, was proposed. The high permeability and low-loss characteristics of both materials
were [ully exploited. First, a magnetic loss calculation model was established using the Steinmetz
equation to define the optimization objectives under maximum transmission efficiency and electromagnetic

safety constraints. Second, the magnetic core thickness was determined via parametric scanning,
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followed by discretized mesh generation and numbering preprocessing; a quarter-model was
adopted to improve optimization efficiency. Finally, global optimization was performed with
coupling coefficient, mean leakage flux, and core loss as objectives, while the volume fractions of
SMC and air gap are used as constraints. The simulation results demonstrate that the proposed
hybrid core structure reduces ferrite volume by 43.13%, increases the coupling coefficient by
0.26% . and decreases leakage flux, core loss, total mass, and total cost by 2.51%, 40.60%,
24.37%, and 10.71%, respectively. The experimental results show that output power and
efficiency are improved by 5.93% and 0.19% compared with conventional designs, along with

strong wide-range power adaptability, which verifies the feasibility of the proposed framework

and structure.

This study provides a theoretical reference for the geometric optimization of

magnetic materials in wireless power transfer applications.

Keywords: wireless power transfer; joint simulation; multi-material double-layer magnetic core

structure; discretized mesh division
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Fig. 1 Schematic diagram of the magnetic coupling resonant wireless charging SS-type compensation topology circuit
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Fig. 2 Schematic diagram of the electromagnetic safety

test area for magnetic Coupling structure
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model with double-layer magnetic core
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core on the coupling coefficient and iron loss
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cores in each layer of the magnetic coupling structure
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leakage flux test area before and after optimization
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and receiver coils under different cases
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