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Optimization Design of Halbach Interior Permanent Magnet

Synchronous Motor Based on Parameter Sensitivity Stratification
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Abstract: To solve vibration and noise problems caused by large cogging torque and torque ripple
of an interior permanent magnet synchronous motor, a Halbach interior permanent magnet
synchronous motor with rotor auxiliary slots is proposed. First, the analytic functions of the
motor’s electromagnetic torque, air-gap flux density, and cogging torque are calculated, and the
motor simulation model is established. Secondly, motor structure parameters are optimized
hierarchically using the analysis method combining parameter sensitivity and central composite
design response surface, and both layers are optimized by using the MAX-MIN ant system and
parameter sweep respectively. Finally, the electromagnetic performance of the optimized
structure is compared with that of ordinary V-type, inverted-triangular and inverted-triangular
slotted motors with the same permanent magnet volume. The results show that the proposed
motor can greatly reduce the cogging torque, suppress the torque ripple, and improve the air-gap
flux density, sine back EMF, and the electromagnetic performance of the motor without loss of

electromagnetic torque.
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Fig. 1 Schematic diagram of interior Halbach motor structure
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Fig. 4 Motor phasor diagram
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Fig. 10 Parameter sensitivity analysis
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Table 6 Performance comparison of the four structures

P il 5 = =41  Halbach

vV # ff1 FEHER FFAR
Tuwe/(mN e m) 186.8  722.1 376.1 28. 3
T./(N+m) 150.5  179.9 178.1 161.9
R./% 9.1 13.7 7.8 9.8
Egue/V 379.4  400.9 395. 6 348.3
Erun/ % 22.5 14.5 13.5 12.8
Arin/ % 35.9 26. 1 25.5 22.9
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