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Online Turm-Off Angle Control for Performance Optimization
of the Switched Reluctance Motor
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ABSTRACT

This paper represent improved on-line turn off angle control schemes for switched reluctance motors based
on current control. For the purpose of finding the optimal commutation switching angle point with improved
controller, it is utilized turn on and turn off position calculation with inductance vs. current vs. flux linkage
analysis method. The goal of proposed paper is the maximization of the energy conversion per stroke and
torque ripple reduction and obtaining approximately flat-topped current waveform. The proposed control scheme
is demonstrated simulation and on a prototype experimental system.

Key Words : switched reluctance motor, optimal turn off angle control, performance optimization, soft chopping
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Fig. 2 Current controlled with soft-chopping strategy
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Parameter Value
Phase winding resistance R =12[Q]
Number of rotor poles N,=6
Number of stator poles Ng=8
Aligned Phase Inductance = 482 mH
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stator pole arc B, =23
rotor pole arc B, =23

Aotd SRM# =ato] ¥ Matlab SimulinkE ©]-&
slo] Algeoldstit). FAA2¥E SimulinkE ©)
g3l Aol ASG T ddE5EE Y8 SRMY B
94L& m-fileg ol&3te] Faarh

O 5e Ao Asduetel AAE AlEHA

Ang 53 welZT) 86 SRMe| wu 498 E
A ALsh 459 PAE HDA fAwA Tl
ebc

x10' Flux Linkage vs. Current of A-phase
8 T T T T T T —T

o

Fully Afgned

-
T

o
T

o

~

%)
kY
Y

Flux Linkage [Weber-Turm]

T e

o
o
-

Fuly Urnaligned
\ ‘
7 8 9 1

Current [A)

a3 5 MRet AEsajmete] A
Fig. 5 Simulation result for current vs. flux |inkage

a9 68 A IR EFsS] BAE A E 0

A Ad#g T BoFth SRM 2282 T8 334
A} BEaste] #AE AFE WA o2 §4E
Bolgr)

5 ‘ ' ' ]

i=2,46,810,12

Flux Linkage [Weber-Tum]

4
Torque [N]

38 6 3|™A #{x|et £E32k2] BHA|
Fig. 6 Simulation result for rotor position vs. torque

a9 7€ 5000pmlol A AUATEES HAustst 23
dF s aza JA49 4%E b Aojrie A
ot BEA9ys AEHold AAE RHoFETh 77
Bl 9 Zzhe 138° 149° 141°9) g =23arh



104 TOEFEE RGE B12E BLH 2007F 24

15

T TITTY

0.5

o

Torque [N]

Cument 8]
o

LX) 11 012 613 014 015 016 017 018 019 02
time [s]

(a) Minimum (oss operation

Curent[£]
Torque [N]

37 om 01z o013 044 045 Gie o017 018 018 02
time ts]

(b) Torque ripple minimization

Cument [A}

E L " s S
0.4 011 0142 013 o014 o186 017 018 018 0.2

(c) Optimal turn-off angle control
a2 7 44 500rpmoll Al MR T e| AlSelo|d Zx}

Fig. 7 Simulation result of current and torque waveforms
at 500rpm, in a four-phase

2
[o}
a
lo

A} AF Qvielw A 4L 24°%0d 1
Fej) 2o g 44 SRMY AFH
Bzt a8 89 (e FEI AFAS
g3y g8 AR4e 13202 AAS
Az} 148°2 T2
° ol ¥ 2571 HH7HA
SEZS fANZ RN EAYZTS A EER

)

l‘.,\l Oﬁt o0 II9 F'n
tlo mo ro 4% M
=
N
A
X

do LT X T > kot
Ju g7
&
ot &
o X
ooz
B -
2
rrﬂl
ot
Holi:l
=y

e

(a) Ao olUx|EEE 71 MRIfY
(a) Maximum energy efficiency current waveforms

(b) £32IE 24318 98 HRDY
(b) Torque ripple minimization control applied
current waveforms

cate s - il = — 2d
(c) Hxeol & 2FZiHoi7t HEE PR

(c) Optimal turn off angle control applied current
waveforms

02 8 44k 500rpmoll M M FzkE(104/10ms)
Fig. 8 Experiment results of current waveforms at 500rpm
in four phase

a9 9% A YA EsA A, Hix ExwE

Ao, s H A Ao gA el whE el A 71

AojdtAlel w2 E3 28938 Rz HH9

B exzke ditaly] A% AdE dnHEE §3

dAY | 4% 7 | o=z £ Bz Wst

of f&ste Aoiael g APH EIEE
Z



(a) =t} olLix|E8H0je] E3&3 Ty
{a) Maximum energy efficiency torque waveforms

(b) 22 E32|ZX0je] E3EHY
(b) Torque ripple minimization control applied torque
waveforms

(c) z|&Ho{g o] MEE E3E=uls
(c) Optimal control applied torque waveforms

T8 9 44 500rpmollM E3 =2 mle (0.5Nm/10ms)
Fig. 9 Experiment results of torque waveforms in four

phase

1% 102 2PANEZ olgdle] HHe Ao B2
of | 23 ©lexzte] A9 AoPr|=iH A o
UAEEY 4 EYTEHAS HuEAsnh =
SRMe] 7} mHE5EAQ EAZL Hasteir o
A E&E Fole HAY © ex7E MAsto v
Ao ZA HAg Y] BYAE 4FE F UEF &
foz]

—e— Optimal Convol

Ripple Fa

Torque [Nm] J

(a) EZE|EARS 8|
(a) Comparison of optimal control with maximum energy
efficiency and minimum trogue ripple operation

—e— Opuimal Controt

Efficien.

- s ste o et e e oo o Maximum Efigrency

e Minimum Torque Rinsle | -
v

{b) ol4X|EE bW
{b) Comparison of optimal controt with maximum energy
efficiency and minimum torque ripple operation

08 10 EFelEH diuX|ase Bl1

Fig. 10 Comparison of torque ripple factor and energy
efficiency

#79)

fo
[Kl
K
o
B
=
=
<
>
1:,0{1
o

Aol gt Eag]
] ool A A

2

0
By

4 £
2
S
)
N

K3
=l
o
lo,
m £

gt oox (B
rJ
&
2
2
2
b
o
e —x

ofje
M

2

SN

ek glo =
1 o 30
o ﬂllO

R

w

Z
2y

ook ol

1 oo e
1o
I
do
oXt
)
ot
I
ol

sl

O mg kuoee @
gm101££

o
=
S
2
2
o
a2

Nt _>l:4 —IE
8.l

=2,

=2

ot

2

N ©

_- =

-
i
32
A
N
2
i
=3
il
o
R
N
P‘){’
o
:‘_l‘
i
UGN
~

S
1o, i

2
a2
il
2

y 2 |o
o, i
b
o,
B

—n
(IR T A COR IV <A S o 1 R 1

Bl 2
¥
e
N
Sl
2

Ir
ol
AN
i)
4
o rlo

o =
o
oft
O

1

3

[o5
ox %O -

bt ¥ @

mH.ﬂ

=
rx
ot
B OgRci e 1)

Hoﬁ&‘ﬁ
> 2

b 1o

)

A

At o2 M



106 ENEFEE RGE F12E B9 2007F 24

[1] Christos Mademlis and Iordanis  Kioskeridis
"Performance Optimization in Switched Reluctance
Motor With Online Commutation Angle Control” IEEE
transactions on energy conversion, Vol. 18 NO. 3
September 2003, pp. 448-457.

[2]1 P. J. Lawrenson, J. M. Stephenson, P. T. Blenkinsop,
J. Corda, and N. N. Fulton, ” Variable Speed
Reluctance Motors”, Proc. Inst. Elect. Eng. B, vol
127, no. 4, pp. 253-265, July 1980.

[3]1 K. Russa, 1. Husain, and M. E. Elbbuluk, "A
Self-tuning  Controller for Switched Reluctance
Motors”, IEEE Trans. Power Electron., vol. 15, pp.
545-552, May 2000.

[5] J. M. Stephenson, A. Hughes, and R. Mann, ” Torque
Ripple Minimization in a Switched Reluctance Motor
by Optimum Harmonic Current Injection”, Proc. Inst.
Elect. Eng.~Elect. Power Allicat.,, vol. 148 no. 4, pp.
322-328, July 2001.

[6] Krzysztof Russa, Igbal Husain, Malik Elbuluk "A
Sefl-Tuning Controller for Switched Reluctance
Machines”, IEEE Trans. Power Electronics, pp.
1269-1275, 1998. '

[71 J.J. Gribble, P.CKjaer, T.JE. Miler, “Optimal
Commutation in Average Torque Control of Switched
Reluctance Motors”, IEE, Proc.—Electr. Power Appl,,
Vol. 146, No. 1, pp. 2-10, January 1999.

[8] Robert B. Inderka, Rik W. A. A. De Doncker,
"High-Dynamic Direct Average Torque Control for
Switched Reluctance Drives”, IEEE Transactions on
Industry Applications, Vol. 39, No. 4, July/August
2003, pp. 1040-1045.

[9] Shuyu Cao and K. J. Tseng, “Evaluation of
Neighboring Phase Coupling Effects of Switched
Reluctance Motor With Dynamic Modeling Approach”,
in Proc. PIEMC 2000, vol. 2, pp. 881-836, 2000.

X X A&

2o (BKA)

A 5% 284, 1997 ofrf J[3
Stot £ 19909 =M ci=ra

stol ZI(MAN. 1996 S ohst
ZU(ZH. 20059 ~ A
AIZbZEAL, 20045 ~ 3R] T

M1 Jo |’:‘2 rx

o

ZHAS(ERE)

1969 11é UM 19954 =MLl M|
St 29, 19974 S sk ©7|SE
ot -’é‘-%*(&\/\}). 20034 & it Mos
o EA(EE. A =M do[Set

1980'-‘I =M MUISEn &Y. 19824
S E Z2YAAD. 19959 A=t
shA M350k (34, 1966H ~1987
A 0|3 Univ. of oklahoma Z{ATFH.
9984 ~1999d 0O|= oregon state Univ.

1 I
AR =ML Mo|See we & otE 3

o 23204 19699 =i
. 19804 A= st
. 20014 tierdo|sts|
2|’é*. M =M &7

OH oH r_a
Loy NN




