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Application of Taguchi Method in Structure Optimization
of Permanent Magnet Synchronous Motor

WEN Jia-bin YU Lan
( School of Electric and Engineering Harbin University of Science and Technology Harbin 150080 China)

Abstract: Aiming at the issue of the traditional local optimization method of permanent magnet motor can not
achieve multi-objective optimization an optimization method based on Taguchi method is proposed. By using
Taguchi method air gap length pole arc coefficient permanent magnet thickness stator tooth width and slot width
of the fractional-slot concentrated winding permanent magnet synchronous motor are optimized which makes
performances including efficiency cogging torque torque produced by unit mass permanent magnet of the motor
optimum. The orthogonal matrix is established according to the Taguchi orthogonal experiment. Combining with
statistics  the influences of each optimization variable on the optimization objective are analyzed and the optimal
combination of multiple optimization factors are obtained at finally. Two-dimensional transient field of the optimized
motor is analyzed by using the finite element method the magnetic field distribution and relevant characteristics of
the motor under load conditions are obtained. Experimental data and related analysis show that the Taguchi method
is suitable for the optimal design of fractional-slot concentrated winding permanent magnet synchronous motor and
can effectively suppress the cogging torque of the motor.

Keywords: fractional groove concentrated winding; permanent magnet synchronous motor; taguchi method,;

finite element analysis; optimization design; cogging torque
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Fig. 1 Taguchi method optimization process
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A vk
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4 16 ° /mm 0.7 /mm 30.2
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2.2.1 Tab.4 Orthogonal table and finite element results
uN Tes rd 5 mm b B0 1m/% Tc/Nem Td/Nem
a)
° A /mm ! /mm /mm /mm
N 1 1 1 1 1 1 87.16 1.15 35.32
hm Q- bt Bs0
L 2 1 2 2 2 2 90.08 0.30 30. 14
5 o
3 1 3 3 3 3 88.93 1.70 23.69
2.2.2
4 1 4 4 4 4 87.96 1.25 20. 88
RMxprt
2 5 2 1 2 3 4 90.15 1.35 31.05
4 6 2 2 1 4 3 89.48 1.33 33.88
1.2.3.4 7 2 3 4 1 2 89.99 1.80 22.06
3 . 8 2 4 3 2 1 88.88 0.31 22.97
2 9 3 1 3 4 2 88.76 2.42 27.34
Tab.2 Optimization factor preferred range 10 3 2 4 3 I 8871 054 23.53
11 3 3 1 2 4 90.27 0.15 32. 64
Jmm 0.5-0.8 12 3 4 2 1 3 90.69 0.46 26.52
0. 674 ~0. 833 13 4 1 4 2 3 90.49 1.75 24.75
Jmm 35.5 14 4 2 3 1 4 90.86 1.80 26. 15
Jnm 5.3 15 4 3 2 4 1 88.05 0.56 27.82
Jmm [ -4 16 4 4 1 3 2 89.46 1.60 31. 66
3 5
Tab.3 Optimization factor level Tab.5 Average values of motor performance indicators
] N 3 4 at different levels of each parameter
/mm 0.5 0.6 0.7 0.8 n/% Te/N+m Td/N+m
0.674 0.727 0.780 0. 833 1 88.53 1. 10 27.51
S 35 4 45 5 5 2 89. 63 1.20 27.49
, s 6 g 3 89. 61 0. 89 27.51
mm 7
4 89.72 1.43 217.60
/mm ! 2 3 4 1 89. 14 1.67 29.62
2 89.78 0.99 28.43
a,
2.2.3 ! 3 89. 31 1.05 26.55
5
3 Lis(47) 4 89.25 0.91 25.51
16 1 89. 09 1.06 33.38
4 ° A 2 89.74 0.67 28. 88
m
2.2.4 3 89. 36 1.56 25.04
. 4 89.29 1.34 22. 81
( 1) 4 1 89. 68 1.30 27.51
2 89.93 0.63 27.63
5 o ( 2) N bt
( 3) 5 3 89. 31 1.30 27.48
6 4 88. 56 1.39 27.48
° 1 88. 20 0. 64 27. 41
Bs0 n S~ hm- bt
20 2 89.57 1.53 27. 80
N St
Bs0 Te X alj\hm\bt 3 39,90 31 27 21
Td ° 4 89. 81 1.14 27. 68




68 24
6 3.1
Tab. 6 Variance and specific gravity of each optimization 7
factor under different performance indexes ] . 8
n Te rd 0.31%
30%
1% /% 1%
50. 02% 0
8 0.24 21.82 0.04 9.09 0.0018 0.0096
a, 0. 060 5.45 0.091  20.68 2.55 13.61 8
hm 0.055  5.00 0.11 25.00 16.13 86.07 Tab.8 Comparison of performance before
b 0.27 2455 0.093 21.14 0.0039  0.021 and after optimization
Bs0 0. 47 42.73 0.11 25.00 0.053 0.28 n/mm Te/Nem Td/N+m
1. 10 100 0.44 100 18.74 100 89. 93 2.50 20. 87
90. 21 1.75 31.31
5 AY
> 3.2
8(4) «,(2) hm(2) bi(2) BO(3) 5(3) a,(4)
him(2) b(2) BO(1) 8(4) a,(1) hm(1) bi(2) BO(2) .
8~ bt BsO 4. 5 6
a, hm 5. 6
8(4) a(4) hm(1) bt(2) BsO(3) o 3 77 ]

Tab.7 Best optimization plan

& 4 0.8
a, 4 0.833
hm 1 3.5
bt 2 6
BsO 3 3
3
N o 2

Fig.3 Motor model
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Fig. 4 Optimized cogging torque comparison chart
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Fig. 5 Optimize the speed before and after
the comparison chart
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Fig. 6 Optimize the comparison of front
and rear torque
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