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Maximization of Efficiency of IPMSM by Quasi-Newton Method
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Abstract - In this paper, efficiency optimization design of 600W class IPMSM was performed by using Quasi-Newton method.
The output was limited to 600W to meet the same output as the basic model. The behavior of each variable as the design
progressed was judged on the efficiency, which is the target value through correlation analysis. The design variables were set
as the width of the stator, the position of the permanent magnet from the end of the rotor, the thickness of the permanent

magnet, and the width of the permanent magnet.
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Fig. 1 The process of Newton's iteration solution
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Fig. 2 Quasi-Newton algorithm flow chart
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Table 1 General guidelines for r-value analysis
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Fig. 4 The shape of the basic model
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Table 2 The value of the basic model

Item value

Pole / Slot 8/ 12
Rated Torque[Nm] 1.91
Rated Speed [rpm] 3,000
Rated Current [Arms] 24
Stator Diameter [mm] 836
Stack Length [mm] 45
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Table 3 Design variables and variable range
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Nominal value [mm] 4.3 1.66 4 124
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Fig. 7 Cost convergence result of optimization algorithm
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Table 4 Comparison between basic model and optimized model

JIEA | A9 | AR A+

ftem NE | 9x | 4| um

Basic Model [mm] 4.3 1.66 4 12.4
Optimized Model [mm] 4.88 1.71 3.73 12.04
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Table 5 The correlation coefficient and p-value for each
variable, torque and efficiency

A B © D =5
5 | 054 i i i i
0.000
c -0.573 -0.541
0.000 0.000
D -0.431 -0.432 0.469
0.004 0.004 0.002
0.226 -0.070 0.072 0.202
=3l
0.145 0.657 0.649 0.194
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Fig. 11 Correlation between torque and efficiency
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Table 6 Comparison of characteristics between basic model
and optimized model

Basic Optimized

Model Model
Resistance [ohm] 0.0235 0.0224
Coil Dia [mm]/Strended/Turn 0.8/6/7 0.8/6/7
Back emf [V] 8.79 8.81
Cogging torque [mNm] 503 251
Current [A] 24 24
Torque [Nm] 191 191
Copper loss [W] 40.61 38.87
Iron loss [W] 33.94 26.45
Mechanical loss [W] 17.15
Total loss [W] 91.7 8247
Output [W] 600 600
Efficiency [%] 86.7 8791
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