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Fig.1 Slot electric potential diagram of different winding
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Fig.2 Cross section of permanent magnet machine with

different winding configurations
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Table 2 Comparison between back electromotive force
harmonic with different winding configurations
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Table 3 The amplitude of armature flux linkage with
different winding configurations
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Modular Winding Configuration Design in Fault-Tolerant Permanent Magnet
Machine for Electric Aircraft

Li Jie, Ji Jinghua, Sun Yuhua, Zhao Wenxiang
Jiangsu University,Zhenjiang 212013, China

Abstract: The permanent magnet machines can be treated as the core driving component of electric aircraft. The
high short-circuit current can cause overheated machines, broken winding isolation and permanent magnet
irreversible demagnetization. This further leads to the aircraft being out of control, posing a serious threat to the life
safety of the pilots. Therefore, a new modular winding configuration is proposed to reduce the negative impact of
short-circuit current on electric aircraft. Firstly, the modular winding configuration is obtained based on the slot electric
potential diagram. Secondly, the elimination law of magnetomotive force harmonic of multi-phase winding
configuration is elaborated according to winding function. Afterwards, the relationship between the short-circuit current
and self-inductance is revealed through theoretical deduction. Finally, through finite element simulation, it is verified
that the proposed modular winding configuration is beneficial for suppressing the short-circuit current and mutual
inductance, improving reliability, and almost not sacrificing torque. Consequently, the proposed modular winding
configuration can suppress the short-circuit current and enhance the fault-tolerant capability of permanent machines,
which is of great significant for the safe operation of the electric aircraft.

Key Words: permanent magnet machine; electric aircraft; modular winding configuration; short-circuit current; fault-
tolerant capability
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