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Rotor & Stator Design on Torque Ripple Reduction for a Synchronous Reluctance
Motor with Concentrated Winding using Response Surface Methodology
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Abstract - This paper deals with optimum design criteria to minimize the torque ripple of a concentrated winding
Synchronous Reluctance Motor (SynRM) using Response Surface Methodology (RSM).

The feasibility of using RSM with the finite element method (FEM) in practical engineering problem is investigated
with computational examples and comparison between the fitted response and the results obtained from an analytical
solution according to the design variables of stator and rotor in concentrated winding SynRM (6slot).
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Fig. 1 The design variables of the concentrated winding
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Fig. 2 The point variables and variation direction of the rotor.
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Fig. 3 The point variables and variation direction of the stator.
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Fig. 5 The flow chart of design procedure
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Table 2 The Level of design variables
N A W) w9
AA M > ) 0 1 5
X1mm] 1318 | 2000 | 3.000 | 4000 | 4682
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X3[mm] 13659 | 14.000 | 14.500 | 15.000 | 15.341
L1[mm] 3451 | 3480 | 3522 | 3564 | 3592
L2{mm] 1448 ) 1653 | 1953 | 2253 | 2457
L3[mm] 1448 | 1653 | 1953 | 2253 | 2457
L4[mm] 3006 | 3033 | 3.072 | 3111 | 3.137
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Table 3 Experimental Results Using central composite design

X1 | X2 | X3 )11 12| L3 L4 | Trippe
1 13000 135 | 145 |3.522|1.953|1.953 | 3.137 | 61.79
2 |3000] 135 | 145 (3592|1953 |1.953 | 3.072 | 62.34
3 |3.000| 135 | 145 |3522)1.953 | 1.448 | 3.072 | 60.91
20 {3.000| 13.5 | 145 {3522|1.953|1.953 | 3.072 | 67.95
4.000 78.83
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Table 4 Analysis of variance
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Fig. 6 Configurations of optimized and initial design model
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Fig. 8 Configurations of optimized and initial design model
for stator & rotor design
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