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Multi-magnetization optimization design and vibration-noise reduction
of consequent-pole hybrid magnetic circuit memory motor

ZHANG Zhenghao', GAO Fengyang', YUE Wenhan', GAO Jianning®, CHEN Zhanjiang'

(1. School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
2. School of Electrical Engineering, Southeast University, Nanjing 210000, China)

Abstract; To address the challenges of electromagnetic characteristics regulation and vibration-noise suppression in
memory motors, this paper proposes a novel composite topology structure. This design incorporates auxiliary slots in
both the stator and rotor, utilizes NdFeB-AINiCo hybrid permanent magnets to construct a dynamically
reconfigurable magnetic circuit, and employs a segmented Halbach magnetization configuration. First, an
equivalent magnetic circuit analytical model and a transient electromagnetic-mechanical coupled finite element
model are established for the memory motor, enabling the derivation of analytical expressions for vibration and
noise. Second, accounting for diverse performance requirements under multiple magnetization states, a hierarchical
optimization strategy based on parametric sensitivity weighting is developed for extreme operating conditions. Using
this method, the structural parameters of the proposed topology are optimized. Finally, multiphysics co-simulation
integrating electromagnetic, structural, and acoustic domains is performed. Electromagnetic validation results
demonstrate that the optimized motor maintains stable torque output characteristics across a wide flux-regulation
range. Comparative studies reveal that compared to the baseline motor, the proposed design significantly enhances
electromagnetic performance under multiple magnetization states while effectively suppressing peak vibration
acceleration in stator teeth, reducing sound pressure levels, and achieving superior resonance frequency avoidance
characteristics. This approach comprehensively optimizes the motor’s vibroacoustic behavior.
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Fig. 1 Motor model schematic
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Fig.2 Simplified hysteresis model of LCF permanent magnet
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Fig.3 Stator current vector trajectories
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Fig.7 Parameter sensitivity analysis
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Tab.3 Initial-stage design variables and corresponding ranges
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Fig.8 First stage Torque characteristics
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Tab.4 Mid-stage design variables and corresponding ranges
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Tab.5 Final-stage design variables and corresponding ranges
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Fig. 11 Third stage radial electromagnetic force
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Fig. 12 Third stage torque characteristics
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Fig. 13 Four-stages motor topology
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Tab.6  -100% MS optimization results
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Tab.7 0% MS optimization results
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Tab.8 100% MS optimization results
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Fig. 18  Electro-magnetic-structural-acoustic multi-physical field coupling
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Tab. 10  Stator assembly inherent frequency of each order
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Fig. 19  Stator vibration amplitude
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Fig. 20  Fourier decomposition of radial electromagnetic force
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Fig.21  Vibration acceleration of motor casing
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Fig.22  Comparison of sound pressure level
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