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ABSTRACT

This study presents a multiphysics analysis integrating electromagnetic, structural, and acoustic sim-
ulations to reduce noise and vibration in an interior permanent magnet synchronous motor (IPMSM)
for air conditioners. Cogging torque was analyzed through electromagnetic simulations as the primary
source of motor noise. The motor was designed to reduce variation in magnetic reluctance to reduce
cogging torque while minimizing the output degradation associated with a decrease in magnetic flux
density. To that end, four design variables related to the stator geometry were defined, and an elec-
tromagnetic-based optimization was performed to derive an optimal stator shape with reduced cogging
torque. The results of the electromagnetic analysis showed that the cogging torque was reduced by
approximately 73.5 % compared with the baseline model. Accordingly, the radiated noise predicted by
acoustic analysis achieved a maximum reduction of 3.25 dB(A) compared to the baseline motor under
a measurement condition of 1 m in the axial (Z) direction. These results indicate that the proposed
multiphysics analysis contributes to the development of low-noise motors while enhancing the com-

fort of the user and their satisfaction with the product.
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Fig. 1 Original of the IPMSM

Table 1 Original of the IPMSM

Parameter Value [mm]
Notch depth (d,)) 0.65
Notch length (7,) 1.3

Air shoe length (/,) 0.97
Stator shoe length (/) 16.37
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Fig. 2 Settings for electromagnetic analysis
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Fig. 3 Original and optimized stator notch geometry
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Table 2 Range and interval of stator design variables

[unit: mm]
Parameter Range Interval
Notch depth (d,,) 0.5~0.7 0.05
Notch length (/) 0.65~1.3 0.05
Air shoe length (/,) 05~1.2 0.05
Stator shoe length (/) |16.37, 16.5~17.0 0.1
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Table 3 Optimized stator design parameters compared with the original model
[unit: mm]
Parameter Original Optimized
Notch depth (d,,) 0.65 0.65
Notch length (/,) 1.3 1.0
Air shoe length (/,) 0.97 0.97
Stator shoe length (/) 16.37 16.5
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(a) Time history of air gap flux density

(b) Reluctance variation rate

Fig. 6 Air gap flux density and reluctance variation rate of original and optimized motors
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