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Design Analysis of Sandwich-Type PCB Winding Permanent
Magnet Synchronous Machine

Gao Peng, Wang Zhe, LiRui
(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Traditional printed circuit board (PCB) machines are coreless machines with the problem of low inductance
and difficult control. To address this issue, a sandwich-type PCB machine was developed. The stator structure of this
machine consisted of concentrated winding and distributed winding stacked axially. A soft magnetic material was
placed at the center of the concentrated winding. To analyze the machine’s operating principle, a precise model was
built, and electromagnetic performance parameters, including magnetic field distribution, inductance characteris-
tics, and torque quality, were determined using finite element software. To further enhance the machine perform-
ance, a response surface model was constructed with the average torque and torque pulsation as the optimization ob-
jectives. Multi-objective optimization algorithms were combined to refine key parameters—such as winding dimen-
sions and soft magnetic material sizes—through a multi-parameter design process. The magnetic field distribution,
torque characteristics, and inductance of the sandwich-type PCB machine were compared with those of a traditional
PCB machine. The findings of this study indicated that the no-load back electromotive force of sandwich-type PCB
machines satisfied the superposition theorem, whereas the electromagnetic torque no longer complied. Moreover, by
rationally designing the geometric parameters of the concentrated windings and the core, the torque ripple was effec-
tively mitigated, achieving a 72.79% reduction after optimization. Furthermore, the inductance of the proposed
sandwich-type PCB machine was significantly enhanced, reaching 60 times that of the traditional PCB machine. This
was beneficial for precise control and stable machine operation.
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Tab.l1 Sandwich-type PCB machine parameters
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Fig.17 Comparison of air-gap magnetic field waveforms
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