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Shape Optimization of a Switched Reluctance Motor Having 6/4 Pole Structure
for the Reduction of Torque Ripple Using Response Surface Methodology

REw - FEE sy
(Yong Kwon - Hee Sung Yoon - Chang Seop Koh)

Abstract - Recently, a switched reluctance motor is widely used in various industries because it has many advantages
such as a simple structure, robustness, less maintenance, high torque/weight ratio, and easy speed control over other
types of motors. However, a switched reluctance motor inherently produces acoustic noise and vibration caused by torque
ripple. Applications ‘of these motors where silent operation is desirable have thus been limited. In this paper, a new stator
pole face having a non-uniform air-gap and a pole shoe attached to the lateral face of the rotor pole are suggested in
order to minimize torque ripple. The effects of each design parameter are validated using a time-stepping finite element
method. The parameters are optimized by utilizing response surface method (RSM) combined with (1+1) evolution
strategy. The result shows that the optimized shape gives higher average torque and drastically reduced torque ripple.
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2.2.1 (1+1) Evolution strategy
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Table 2 Specification of the initial model

Rated power 35 [kW]
Rated voltage 72 V]
Rated speed 6,000 [rpm]
Air-gap length 0.25 [mm]
Stator winding turns/phase 18 [turns]
Advance excitation angle 7 [degree]

Dwell angle 34 [degree]
Stator/Rotor poles 6/4
Stator/Rotor pole arcs 34/36 [degreel]
Outer radius of stator 69 [mm]
Quter radius of rotor pole 38[mm]

2.4.1 Air-gap profile
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Fig. 5 Design parameter for the air-gap profile
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Table 3 Comparison of torque ripples

Objective function

Model

FEA RSM
Optimized Model ( 8 =0.766°) . 0.18 0.20 .
Initial Model (6 =0°) 3.38691 3.386909




Inductance (mH)

—m—Initial inductance
Inductance profile (8 =0.76°)
—4A— Inductance profile (8 =1 °)

Angle (degree)

(a) air-gap profiles

1.0
—a— Initial air-gap
Air-gap profile (8=0.76")
0.8} —a— Air-gap profile (=1°)
€
E
k=
E 0.6
g
o
Zo0al
0.2 s s
-10 0 10 20 30 40
Angle (degree)
(b} inductance profiles
160 0 m initial air-gap
140 | Optimum air-gap (¢ =0.76")
—— Air- =1°
120 | Air-gap (6 =1")
100 |
£
E 80
s eop
40}
20+
0
-10 0 10 20 30 40 50
Angle (degree)
(c) current profiles
10
—m— Initial air-gap
- Optimum air-gap (6 = 0.76°)
8F A Ar-gap (8=17)
£
] !ﬂ.
g 4
o
=
2 |
0 R .
-10 0 10 20 30 40 50

Angle (degree)

(d) torque profiles

a3 7 33 =Z=2aidoll dist 3 Hst o
Fig. 7 Optimization results for the air-gap profile

Trans. KIEE. Vol. 558, No. 12, DEC, 2006
2.4.2 Air-gap profile % Pole Shoe
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Table 4 Objective function values at the initial and optimized
designs
- Fo
Model Parameters FEA RSM
Initial (0°, 0°) 0.879 —
Optimized g (067°, 130°) 001667 001665
(Sarrpling ’
parts) 18 (067°, 1.17°) 001847 00153
27 (0.68°, 1.29°) 0.0169 0.0164
36 (0.67°, 1.35%) 0.0164 0.0163
g
Z
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—o— Initial torque profile
Optimized torque profile
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Fig. 11 Comparison of the torque profiles
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3.8 &

2 =5 43}7]
Ao Fd}A ¥L FFE Z2e nAXNY EF ¥4F
3 Az 539 ZWo| Pole shoed AU Az=L P9
SRM$E Agtstgtt. SRM A FAZANAN FEIRe] A=
A3, Switching on, Switching off Al 7% 3= %
o] A =@ SRMAA ZAste EA APL AYH2
gyl uiel gelAy, gdze #3YE WA H§
AARSTZ B =FdA4 AAT F A R HA BT
7t 1Ee dFeA AAE HARFED vag 4 g%
Blgds nqd. Zzte dA b4 FENLS F¢sad
£ ojg3ld EA &S ANFezH Hldden uwg
E9AY54} (1+1) Evolution StrategyE AM23le] A JH3IE
35ttt Air-gap profile @ Pole shoeE Aoz AT
o224 Zr|RdoAe] Ea gF 4.32[Nm] = 0.99[Nm]
2 U %7 ARHAeH, FFE EZE JjE R
el of 10% E7hste 71€9 B2 AE APHe] 7t
AL P HF EA 749 EAAE HAsar)

FEF 294 04 Y EA #HES A5 A2 F+ U
T EFHA AA W dAT HAHF o a7t ¥
8% Aow wgHA}

Ao =
9

g aTe 2gAaRe A

A AHAAEA *PSQ
ATAI= FYHAS.

il

ba 2 A

{11 T. J. Miller, "Switched Reluctance Motors and Their
Control”, Oxford, UXK.: Magna/Clarendon, 1993.

2] x4, “29A = BEHa AF7)", A9}, 2001

[31 N. K. Sheth, and K. R. Rajagopal, "Optimum pole
arcs for a switched reluctance motor for higher
torque with reduced ripple”, IEEE Trans. on
Magnetics, vol.39, No.b, pp.3214-3216, September
2003.

Trans. KIEE. Vol. 55B, No. 12, DEC, 2006

[4] J. W. Lee, H. S. Kim, B. I. Kwon, and B. T. Kim,
“"New rotor shape design for minimum torque ripple
of SRM using FEM”, IEEE Trans. on Magnetics,
vol40, No.2, pp.754-757, March 2004.

[51J. Hur, G. H. Kang, J. Y. Lee, and J. P. Hong,
"Design and optimization of high torque, low ripple
switched reluctance motor with flux barrier for direct
driving”, 39-th IAS Annual Meeting, pp.401-408,
2004.

[6] Y. Ohdachi, Y. Kawase, Y. Miura and Y. Hayashi,
"Optimum design of switched reluctance motors
using dynamic finite element analysis”, IEEE Trans.
on Magnetics, vol.4l, No.2, pp.2033-2036, March 1997.

[7J ]J. W. Ahn, S. G. Oh, J. W. Moon, Y. M. Hwang, "A
Three-Phase Switched Reluctance Motor with
Two-phase Excitation”, IEEE Trans. on Industry
Applications, vol.35, No.5, pp.1067-1075,
September/October, 1999.

[8] Shmuel Rippa, "An algorithm for selecting a good
value for the parameter c¢ in radial basis . function
interpolation”, Advances in Computational
Mathematics, pp.193-210, 1999.

[8] D. Tsao, and J. P. Webb, "Construction of device
performance models using adaptive interpolation and
sensitivities”, IEEE Trans. on Magnetic's', ‘vol. 41,
No.5, pp.1768-1771, May 2005. -

{10] R. L. Hardy, Multiquadric equations of topography
and other irregular surfaces, J. Geophys. Res.
76(1971) 1905-1915.

[11] R. Franke, Scattered data interpolation: tests of
some methods, Math. Comp. 38 (1982) 181-200.

[12] R. E. Carlson and T. A. Foley, The parameter R*
in multiquadric interpolation, Comput. Math. Appl. 21
(1991) 29-42.

[13) 2t €, “EA A Y, DYA} 2001

[14] K.Preis, C.Magele and O.Biro: "FEM and Evolution
Strategies in the Optimal Design of Electromagnetic
Devices”, IEEE Trans. Magn, vol. 26, No.5,
pp.2181-2183 (1990).

[15] =AY, A&, &5, B4, o714, “FA8LY
£ o] &% HolA23Y BEFY A HA HA", gEA
7183 =8A, vol.44, No.3, pp. 274-278, March, 1995.

HSENY S ol83% 647 FXE Ut 29XE AL e £3 2E NUS AT Y AFMA 615



BRBEMNEL 55B% 128 20065 12A

2 8 A (B ¥
2003 2¢ WHWAUIE HRFANFT
£, 200613 8 FEUEgw M)A
gty Z(AAD. EA LG A 2F
el : 043-274-2426
E-mail : ykchoi@chungbuk.ac.kr

235 4 (FER
19823 1€¥ 1794, 20053 F5uistm
ANAAZER EA(EAD. 20059 ~d
A 5 gy A7NFTEH HqALAA.

el : 043-274-2426
E-mail : hsyoon@chungbuk.ac.kr

P EHEBR)
19863 AMgdgta AT & (&
Ab). 19889 Aoty gy A3 E
I EgAAL. 19929 Aegdigta qiE
2 A7IFs Z2Y(FHh). 1993~1994d
u] =+ Florida International University A
7L FE FE v & A7 194
~199603 A AVN(F) FFATFA A9
AT, 20033 29 - 200493 19 W3
Texas A&M University, ®7]27 ¥
ety A WS 1996~dA F5dst
o AZNHAARFE TEE up

el : 043-261-2426
Fax : 043-274-2426
E-mail : Kohcs@chungbuk.ac.kr

616



