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Single Phase Switched Reluctance Motor Optimum Design
Using Response Surface Methodology and Finite Element Method

TARK B2 e -mesE-z2 5
(Seung-Bin Lim - Jae~Hak Choi + Jae-Bum Park - Yeoung-Gvu Son * Ju Lee)

Abstract - This paper presents Single Phase Switched Reluctance Motor (SPSRM) optimum design for vacuum cleaners
using Response Surface Methodology (RSM) to determine geometric parameters, and the 2-D Finite Element Method
(FEM) has been coupled with the circuit equations of the driving converter. Additionally, an optimum process for
SPSRM has been proposed and performed with geometric and electric parameters thereby influencing the inductance
variation and effective torque generation as design variables.

SPSRM performances have also been analyzed to determine an optimal desxgn model for maximized efficiency at high
power factor.. In order to confirm the propriety of the Finite Element Method and motor performance calculation,
simulation waveform and experiment waveform for motor voltage and current were compared.
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Maximize:

Efficiency = - 2854 + 6.22x(, + 2.12x0, (5.2)
- 0.12x(5,)2 - 0.05x(5,)2

Subject to:Torque = 0.743601 - 0.038867x 3, (5.3)

-0.020550% 3, - 0.001469x(3,)2 - 0.001053x([3,)2

Power Factor = - 3844 + 5.02x03, + 1.83x0, (5.4)
- 0.10x(3,)2 - 0.05x([,)2

5 < B, < 5,5 < B < 55 (55)

Torque = 0.358[Nm], Power Factor = 34.5[%] (5.6}

" 51 78t 24 8|4 Az
Table 5.1 The Result of FEM

ssE SeEE L) e g z8-
B | B T%I.
32 25 0.331916 | 345335 | 77.0814
25 32 0.362629 | 33.0869 | 758360
20 30 0.623875 | 321848 | 71.9603
25 18 0.830786 | 40.7379 | 77.3991
25 25 0.653855 [ 39.1723 | 79.1024
24 26 0657492 | 385851 | 78.3932
24 24 0.727985 | 39.7046 | 78.4405
26 26 0.566882 | 385865 | 78.9386
20 20 0.903235 | 38.9088 |.73.8249
30 30 0.258228 | 316495 | 74.6287
26 24 0.647507 | 39.6041 | 79.2285
18 25 0.820757 | 34.2654 | 69.5027
30 20 0590461 | 39.0674 | 79.2947
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Table 5.2 The Analysis Results Comparison by RSM and

FEM
H e | vea s | ome
RSM
37 35.12 70.85
(30, 27) 03 °
FEM
. 3412 779
(30, 27) 0334 : 7
Error [ % 1 9.7 2.8 89
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Objective Function:

Maximize ( Motor Efficiency ) (5.7
Subject to:

T = 0.358 [Nm] (5.8)
220 < T on < 38°.38° <. T_off < 60° (59

3714 6/6 3027 SPSRM9] +& E3Z TA4L AT dH
d& 4e 702 21°lel22 ¥ ABAHY HE AT
012 HRe 9 FE E 2AS AT d¥dEg ¥
HE A8l A(59)7 Lol AFxAL T
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Table 5.3 The Result of FEM

A7 seple (2]
24 57 0088942 | 261230 | 786650
.36 57 0.0653% -| 13.2478 | 634197
30 49 0.182462 | 285531 | 82.9254
24 41 0234494 | 31.8550 | 82.3413
29 50 0227293 | 30.1038 | 84.3692
31 50 0.160768 | 269035 | 81.7716
29 48 | 0187834 | 301003 | 833955
2 49 0813012 | 322165 | 84.1180
30 60 0280247 | 130772 | 61.1199
38 49 0.023743. | 159635 | 42.8135
31 48 0.134936 | 27.2676 | 80.7036
30 38 0033803 | 251198 | 589282
36 41 0.007240 | 24.2911 | 33.0409
9e] wewS$rl FA(EA, FE, A¥)O|EE oF
H
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Table 5.4 The Analysis Results Comparison by RSM and
FEM :
RSM
%, 47) 0.363 32.37 81.33
FEM
26, 47) 0.35 35.33 84.34
Error [ % 1 35 84 36
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