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Multi—objective Optimization of Steady-state Torque of Switched Reluctance Motor with a Skewed Slots
Rotor Based on Switching Angle
AN Zhiguo,GAO Wei

(School of Mechanotronics & Vehicle Engineering , Chongqing Jiaotong University  Chongqing 400074 , China)

Abstract: The structure of switched reluctance motor with a skewed slots rotor can effectively reduce the
electromagnetic radial force, but it will also lead to changes in torque characteristics. Aiming at this problem, the
calculation method under linear model of steady-state torque of switched reluctance motor with skewed slots structure
rotor was given.Then a four-phase 8/6 poles switched reluctance motor model was established.The three-dimensional
finite element simulation method was used to account for the end leakage flux. The current turn-on angle, turn-off angle
and skewed slots angle of rotor were used as optimization parameters. The minimum average torque variation and the
minimum torque ripple were the optimization objectives. The test plan was designed based on the orthogonal test
method. The excellent combination of the corresponding parameters were determined by range and variance analysis ,
and the motor torque characteristics before and after optimization were compared. The results shows that a small chute
angle has little effect on the torque characteristics , after optimization, the average torque of the motor is only changed
by 16.01%but its torque ripple is decreased by 23.63%.
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Fig.1 Schematic of SRM with different structures when 6=0°
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Fig.2 Schematic of step-skewed slots
1A FL SR P9 R 380 e 0 T MR K
AR K A F K

N, (=
T=5 |¥T,d0 (9)
KT:Tmax_Tminxloo% (10)

Tavg
:T:t':':‘ H Nr j\j%%*&%&; Nmax > Tmin ﬁ%uﬁi?%ﬁﬁg%

KAE AR/ ME

SEBR -, BT OCHEBH R AL B B 45 8
EATHLER Y B A LR B A A A ™ o, REBER
PR B B AR Lt | i HLAZ G2 W B L 1 JBRT
UL AEAE L T 55 et 300 % 5 o, L e 3 R P JR
MELLRNIT , P25 3 it 5N, R FH BT v 11O
RHE R AL RS AR A5 22 K, i U A 1) 43 Bt
BORTH 20K 8 55 0 25 50K BE F oA
AR R T R F ALY 2 PR A B, A 2
A —E IS R L ARSUE T RHE S5 T
ST R AL R A S A e AT 3500 s AN L
HATEERK A
22 ZHFRTER

R AL R TR R A Y A el
A4 PR CIE AT R AR, AT LA B T
[[RER g0t s )1 Rt R

DAL 4 4 8/6 BT SCmG R ALAE A R BUAEAIL
BN AL BRICEEAY , RIS L I, A5 S8
K EFHME 210 mm, 7 AME 115 mm, SRR K
0.4 mm, 7% TN 50 mm, A F 50 mm, &
TORSARE 21° PO 247 8 FH0)E 13.7 mm,
Y405 14.9 mm, TEAHHREX T AL 300,

K 3 ML E =01, B Uk E A BT
A, W HRALEA XS FRYE, A5 1/4 45
RURN AT, ARARE AL 28 B B b B 230 o
19 799 50T,

110

3 RRHEH LA RO
Fig.3 The finite element model of SRM with no skewed slots
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Tab.1  Table of orthogonal design factors and levels

(SEN 6,/(°) 0,/ (°) 0/(*)
K1 -2 15 1
k-2 0 18 3
K3 2 20 5
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Tab.2  Scheme and results of orthogonal test

WE 0.0C) ) 0sC) % (ke ST
1 1(=2) 1(15) 1(1) 1 1412 11597  1.38
2 1 2(18) 2(3) 2 1857  80.63 5.83
3 1 3(20) 3(5) 3 21.23  64.18  8.49
4 2(0) 1 2 3 10.86 139.74 -1.88
5 2 2 3 1 15.37 80.2 263
6 2 3 1 2 14.78 4981  2.04
7 3(2) 1 3 2 11.49 83.72 -1.25
8 3 2 1 3 10.14 7234 -2.6
9 3 3 2 1 12.03 5474 -0.71
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Fig.5 Effect of optimization parameters on average torque variation
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Fig.6  Effect of optimization parameters

on torque ripple coefficient
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Tab.3  Anova data table of average torque variation

WE  AmE iz F{H F. 2
O 2 351012 345243 19;99 B
O 2 115427 113530  19;99
0, 2 73350 72144 19;99

255 2 1.016 7 1.0000  19;99
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Tab.4  Anova data table of torque ripple coefficient

HWE AmE  HrE F1§ F, M
O 2 4132291 13549 5.1433;10.924 8
Ot 2 24439684 8.0135 5.1433;109248 B3
0, 2 156.336 7 0.51261 5.1433;10.924 8
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Tab.5 Comparison of optimization parameters and results
28 /() /() ()  LJ/(N'm) K%
E N 0 18 0 12.74 73.44
A 0 20 1 14.78 49.81
R 0 18 1 13.28 77.56
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