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Design and analysis of a novel interior permanent magnet
synchronous machine with wide speed region and

low torque ripple
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Abstract: Wide speed region and low torque ripple is always the key destination when designing a interior permanent
magnet machine for electric vehicle traction. A novel interior permanent magnet synchronous motor (IPMSM ) with roter
topology of W — type, is designed then winding structure optimization and performance analysis have been presented.
Using finite element analysis, the comparison and analysis of the initial design model, the optimization model and the
traditional IPMSM model have been carried out. Detailed comparative analysis of the machines’ parameters is made,
which includes the total mass of the used permanent magnet, d-q axis inductance, the capacity of flux-weakening, cog-
ging torque and ripple torque and so on. Finally, the design of the IPMSM with 36 — slot 8 - pole, and rotor topology of
W - type is selected. The machine has both a wide speed region and low torque ripple, while the torque and power of
the machine have been ensured.
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Tab.1 Parameters of Stator Windings
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Fig. 3  Distributions of the Stator Winding in 1/4
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Tab.2 Main Parameters of the W — type — 36 — slot
IPM Machine Model
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Tab.3 Magnet Mass and Dimensions of the
Three Machine Models
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Fig. 4 Comparison of d-axis and q-axis Induct-

ance of the Three Machine Models
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Fig. 5 Comparison of PM Torque and Reluctance
Torque of the Three Machine Models
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Tab.4 Saliency of the Three Machine Models
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Fig. 7 Comparison of Cogging Torque of 36 — slot and 48 -
slot W — type IPMSM
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Tab.5 Comparison of Torque Pulsation of 36 - slot and
48 - slot W - type Machine
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