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Abstract

RM(Switched Reluctance Motor)'s Torque is generated by phase-current and inductance profile. A new
analytical concept is proposed to determine the turn-off angle for maximization of the torque output. This paper
describes a new method to maximization the average torque of a current control Switched Reluctance Motor. It
is based on the simplified turn-off angle equation using least square method.

Simulations carried out on a three-phase 6/4 pole SRM justify the algorithm is described. The suggested
maximization average torque is verified by simulation in this paper.
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Table 1. Average torque at Turn-off angle

Turn-off
A% angle] 1[A] 2la) | 3(A]
0° (Nm) 0.08831 | 0.28212 | 043926
-05° (Nm) | 008866 | 0.28543 | 044179
-1 (Nm) | 008902 | 027922 | 0.44431
-2° (Nm) | 009318 | 0.27822 | 0.45043
-3° (Nm) | 0.09767 | 0.2748 | 0.45998
-4 (Nm) | 009774 | 026548 | 0.46694
-5° (Nm) | 0.09987 | 025994 | 046278
-6°(Nm) | 009438 | 025181 | 0.46049
~7° (Nm) | 000183 | 02419 | 0.45424
-8 (Nm) | 0.08998 | 0.23145 | 0.43601
2938 ¥ 12 2= Jehd Roln ¥ 19 2

Y32 B3 ¢ 5 = AL BT 2 AFA)
7+ 1{AJS) A% Ho) BFEA Tum-off angle
-5° ol 2[AJQ) A$ -05° Zm Al ASE
-4 ° o]t

Turn-off anglelt B2€23 A
RM’—*“MW % A
4 —8—24
104 3
4_____.____.........,,...*,.,!—-] 0.3
h-—— " 02

_._.._—+———0-——0—-¢~—._~._*_J 01

-8 -5 -4 2 0
Turn-off angle

23 3. Turn-off angled} WEER A
Fig. 3. Relation between Turn-off angle and
Average torque

034



NATTEHE 0] Switched Reluctance Motord ML HAE23 o]

¥ 2= 2] AF<l 1{A] 20A] ez Al
AFAel & 3¢ Ad FFdEZI HAHE
Tum-off angleS YERIUTH

E: 3 2. 2ol MM AL WZEI9| HRX Z
Table 2. Turn-off Ztangle of average torque at each

current
xx(AF) ¥y (Tum-off angle)
1[A] -5°
2[A] -05°
3[A] -4°

E 29 & A7), 2UQ) 28]3 2(9)9] AFE T+
EE #th AlF A B CE T37] 9814 x4, x%,
x5, xb vi, xwn YR xfy, BEo] eEims
20l gee E 33 2o

36A+14B+6=18 ay
14A+6B+3C=9.5 (12)
2(10), (D), H(12o2HE AG: A B, C& 7
& 4 92 A2 9] Tum-off angleS & 4 &2
A (133 2t
Ax)=4x"~16.52+117.5 (13)
2(13)2 AfFgtll i@ Tum-off angle #h2(%
F)e5E sl Hgslo]o} At SRM AFAIC}A
7127 A3 U918 1Al ~ 3[Ale]la RoAg A
7+ 0 ~ S0ms]E sgich

E 4. HFAH0{ZE 1(AI0IM 3(A) AlO|] HS

HFE3 Hin
® 3. A& Tolv| Qi HO|R 3 Table 4. Comparison of average torque at each
Table 3. Partial differential value for coefficient current
Xp(AF) 1{A] | 2[A] | 3[A] BT EA(Nm)
‘?Q 73 F( [A] ) . Turm-off
Ve -5 -0.50 -4 Normal(O ) angle
(Turn-off angle)
1-2—-3 0.385341 0.419869
X 1 2 3 6
> 3—-2—-1 0.262058 0.28878
Xk 1 4 9 | 312 0.262058 0.28878
x3 b 1 8 27 36 1—3-2 0.309441 0.339548

x4k

1 16 81 98

Ve 5 05 4 95

Xp Y& 5 1 12 18
5

2 36 43

2 .2
Xk Yo

¥ 30l vehd A go] AFE e 93] 3
& ZE, S A5 xh xh Ve xpp 233

2y, 42kl F& A7), AR s A(Q)e) tis
3 A10)eIM 2(12)7}+ Bk,

98A + 368+ 14C=43 (10$)

64

E 4= AFA] s A9E 7R s 9
Z}zte] HAEAE v wsgeh AMAQ] 1-2-3L
Alzrol 0~19msell A 1[A], 20[ms]~29[ms]elA 2[A]
a8 30[ms]~50[ms]el A} 3[AJ2 SRME HFHA
o] &3¢ 7-$- Normal(Tum-off angle : 0 *)3 73
-9} 2(13)& ol83td ] FAFEAI} LASAF
Tum-off angleS ZH3159& e} wlwgt Z-5-olth
FRAAL 3-2-1& Algto] 0~19Ims]olA 3[A],
20[ms]~29[ms]ol A 2[A] 18]35t 30{ms]~50[ms]el]
Al 1IA]IZ SRME AFA] 31& Aol AHA
¢l 312 AJZte] 0~19[ms]olA 3[A], 20[ms]~
29[ms]elA 1[A] 28] 3 30[ms] ~50{ms]ell Al 2[A]2
SRM$ AFAlO] 35E A0l 3 vpR 2] 132

Journal of KIEE, Vol. 16, No.5, September 2002



£ Are] 0~19[ms]elA 1[A], 20[ms]~29[ms]ol|A]
3[A] 2832 30[ms]~50(ms]ell A 2[A]Z SRME A
FAo] 3L Agolth AR =77 0[AlRT &
& F¥ 20139 x3E 0o I}UE 9 ;e
Tum-off angle® 313, J[AlRT}H F 2 2(13)9]
x3g '3 O RS 1 g-E Tum-off angle® 3}
Ak

Tumn off angle : A0) =4x0?—16.5%0+17.5

Tumn off angle : A3) =4x32—16.5x3+17.5

(AF>3 3¢ (14)
BZERIHIR
0.45
8 Nomal

0.4 @ Turn-off angle
0%
03
010,25
) 0.2

0

0.15
0.1
06

1293 321 3192 132
8%

O 4. BRAOZE 1(AI0M 3(A) AlojQl AL
HHE3 i

Fig. 4. Comparison of average torque at each
current

I9 4= F 48 TR Jepd Rl 13 45
B3t & F= %ol 3 SRME 1[AlCIA 3[A] Ale]
oA 7pste] AFA 0] & w), Tum-off angleS W
FAPoeN JFREAS ANz £ UYL ¢ F
Act.

5. —

1M

2 =2dME 3HE/4S) SRME HFEA el

gy - MI)MoAR|=2N| M167 NI52, 20023 9¢

A2 - BAY

QoM HEEAE AUz} sk ke AA SNk
o]& 93 J4aA5HE B3 A9 Tum-off angle
& Rok= 24858 FAT. Ay YFEas ¢
AN 8 20858 A4 3] % Azt
WAL A HAT Atoll AS2 st Ho)
BHREA} SAYE ABHUINS E3to) Bl &
F ik

References

(1) ).).Gribble, P.C.Kjaer and T.J.E.Miller, "Optimal
commutation in average torque control of switched
refuctance motors.” IEE Proc.—~Electr. Power Appl, Vol
146, No. 1, January 1999.

(2] John HMathews and Kurtis DFink. "Numerical Methods
Using Matlab”, Prentice=Hall, Inc., Third Edition, 1999, pp.
252-300.

{3) H.C. Lovatt, PhD, and ).M. Stephenson, PhD,
"Corrputer-optimized current waveforms for  switched
reluctance motor.” IEE Proc.~Electr. Power Appl., Vol. 141,
No. 2, March 19%4.

(4} Jobn HMathews, Kurtis DFink.Numerical Methods Using
Matlab’, Prentice-Hall, Inc, Third Edition, 1999, pp.
52-38.

51 T. ). E Miller, Brushless Pemmanent Magnet and
Reluctance Motor drives, Clarendon Press 1989.

) G.'S. Buja and M. . Valla, “control characteristics of the
SRM drives-part 1 © operation in the linear region”, IEEE
Trans. Ind. Electron, Vol. 38, pp. 313-321, Oct. 1991.

{7} Husain, 1, Sochi, S. and Bhsani, M, Sliding mode
cbserver based control for switched reluctance motors.
IFEE-AS Conf. Rec., 1994, pp. 635-643,

(8) Lumsdaine, A. and Lang, }J.H., State observers for
variable-reluctance motors. IEEE Trans. Industrial
Electronics, Vol ., IE-37(1990), No. 2, pp. 133-142,

XXM o

<

g = &exy)

19608 119 1294, 19849 Eoluigta A7|Eets
£q1. 19889 FYUBT G ANTRY FJA
AD. 199348 FSistE DA A7 T S
AD. BA ARG AFE FEAITRY Ray

S )

19729 79 194, 19983 AHdistw AejAS T8
9, 2000d FHdHE oigd dAr3gd 29
AR @A G

o



