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Optimum Design on Reduction of Torque Ripple for a Synchronous
Reluctance Motor with Concentrated Winding
using Response Surface Methodology

A
(Seong-June Park - Jung-Ho Lee)

Abstract - This paper deals with the optimum design solution on reduction of torque ripple for a Synchronous
Reluctance Motor with concentrated winding using response surface methodology. The coupled Finite Elements Analysis
(FEA) & Preisach model have been used to evaluate the nonlinear solution. Comparisons are givén with characteristics
of a SynRM according to the stator winding, slot number, open width of slot, slot depth, teeth width variation in
concentrated winding SynRM, respectively. This paper presents an optimization procedure using Response Surface
Methodology (RSM) to determine design parameters for reducing torque ripple. RSM has been achieved to use the
experimental design method in combination with Finite Element Method (FEM) and well adapted to make analytical
model for a complex problem considering a lot of interaction of design variables. Moreover, Sequential Quadratic Problem
(SQP) method is used to solve the resulting of constrained nonlinear optimization problem.
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Table 1 Specification of the analysis model
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1: % ou%
X1:e® 225 1518 2 | 3 | 4 |4es1
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2 S 16
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(mm) .
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Objective function : F(z) = Trppe(z) (21)
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(mm) | (mm) | (mm) (Nm) (Nm) | (%)
3 11 30 135 | 145 0.2168 0.1951 [111.09
z 214681 135 ‘14.5 0:2217 0.1992 ‘ }11.31~
2 3 1.30: 135 [15341 1402211 . .].0.2013 '} 109.80
; 4| 30 135 13659 0.2237 0.1889 {11842
“ 151 40 13.0 | 14.0 0.2186 0.1933 [113.05
376 20 30 | 150 0.2197 0.1940 |113.23
6 17| 20 140 | 140 | 02313 | 0.1868 |123.82
% | 8| 30 |14.341] 145 0.2164 0.1951 [11091
219 ] 30 J12659) 145 0.2169 0.1952 | 111.10
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13| 2.0 13.0 | 14.0 0.2305 0.1862 |123.78
R 141 20 140 | 150 0.2208 0.1947 1113.45
M 5] 40 140 | 14.0 0.2197 0.1939 1113.28
24 slot| 2.3 ]13.699| 3.77 0.105 0218 | 48.17
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torque, T ippie © Tpeak-peak/Taverage (%)
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Table 5 Estimated coefficient of the analysis model ’
e +38 A9A% I et
Zﬂj" T eak— peak T average T ripple 1
N ?Nms . (Nm)g (°/ZI)J r WISy l
%
Bo 2.3045 1.0359 13.2851 r PUE T l
=3
B -0.1409E+01 0.0127E+02 ~0.8138E+01 1
[égggillgg(ccm] ]'"——
By 0.0083E+03 0.0573E+02 0.0083E+03 T
Bs | -02644E+01 | -0.1774E+01 | -14521 e ozE aoe o3 | YT
1 Ha s
fu 0.0047E+03 | -0.0014E+03 | 0.0309E+02 L wSEe oWy J [:——4
o) -1.6283E-05 | -0.0024E+03 0.0008E+04 No
Lz 0.0084E+03 0.006E+03 0.0447E+02 Yes
I X3S l
i -0.0002E+04 0.0002E+04 ~0.0001E+04 |
Lrs 0.0077E+03 ~0.0002E+04 0.0415E+02
a8 5 4A ool st BES
b ~0.0005E+04 0.0005E+04 ~0.002E+03 Fig. 5 The flow chart of design procedure
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Fig. 7 Analysis results of Torque ripple
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Fig. 8 d,g flux distribution of initial and optimum model
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