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Abstract

For a Switched Reluctance Motor(SRM) drive,
the important things are 1) reducing torque ripple,
2) improving efficiency, 3) sensorless speed control,
4) accurate position. The position information
impotanl for the efficiency and smoothness drives.
Since SRMs characteristics are nonlinear. It is
difficult to estimated phase amTent in saturation
region,

This paper describes a method for indirect
sensing of the rotor position in SEM which use
hoth voltage and current. The method obtawms rotor
using unconducting phase. The
information about the rotor position is achieved by
differentiating the unconducting phase current or
the voltage gradient,

position by

And then, this paper presents a torque control
with indirect rotor position detection methods. This
torque control is achieved by developing a detailed

nonlinear model of the motor.

1. A&

A2 AFL Ao J83d &) FHY o
el gL dAH fA A AdEo
olg g B Q& EFH ¢%d AFVIE HIA 9
A oA A5 diide] Ha 9L

% SERM2 293 AJ&AA7 2% 7t 2
H2a REe ¢ 2 nAZ XY FAR 25 &
8 1xXZ stz e, 47 uE Ay F5 7t

ZH112]. 53], 22X Fdw Ade] ZAA A
om M FERA= ojHd Fue] WMol F7
ANE ZATA Fom ofF Tud T Hof
o, 7129 $EAFY ENATEY F2I} 2
wE 2, @] HAGF Eoa W § &9 3;311]’
Aoi7t golsty FAAF W Wes 2 A%

g

j

F-lo S
N H

Al $53 24 2u Y S d4EAR AHE
At slel 2 dgHd 7li17} e wy, =g 53

HE 7 dAPez FAH ol BHHY TS
gibo]l Aestte A A AEE AAE A
371 A% AANAMZE Bosie Heolul] =F
SRR v APH ezl A7 E 2] *¥3Hat
oA FEIAEALE TEANNE JIE IAFY dF0
EQA-AF BAY REQA ©E RS, &%
kel BL A7kl TS £ 9= ETFEHFO|R A
olB59 FHExA wid B aM AL
A89] ool & £ TH3][4], =Wt AT A
23 203 AAE HsiA= AHS JAA HA Y
¢J HAPAQ Eom 2dS AR YHd=

BHolm EARAGE W izt AR/ FFAR A
féi} 3= Aolvh. 2=y SEMY ELa EHE A
w9 AR X FFER ue NA¥FHo|lE=
SRM®] £23 Aol vjHdEHed Tep 29 AR
A, 4AF] ¥ diojete] gEet vjAdE A|7d
o} el wht o] Fofzth[4][5]

E =FdAME d83dn AAHQAQ SRM +55 4
3le] 2+ AR YGX HEUYHS AlEole] EQA
A& ddstHch

|

i

nsL'nJ

2. SEM¢ 71& {9

SRMe B3y ddxte] $iAWEd wE Ad

—-212-



B2 g dlasiez adula W ]—E"-Ml oz}
=49 E23Es 2N £ = Ak §, SRMY
TE71= 9 2ES HAuE dH89 sus =%

Azgol A 433 S A Axdelt)

43 8/6 SREAF Y 7HAE 75 A2dolA g 443
Mo 3AA A g Jd¥eio] WEE a9
19 2ok 29 2ol AAAY Aol Ha A=y
27} A2A He= AHAE 4 d, o= ddwE A
o Wstgo]l nAAS A T4 Y T Y&
= AR A & & Ak

aE 1

SRM2| QIE & Ao

&}

242 & 3l o)

SRM® #}7|82 & ofxg o,
3 S Re oy 29 2o,

- X

webd 1Ax @ Aol g sUE2 AgEAA

< WHAFE Y, FARE 4, AAAYS R A&
AussS idzn & 4 e 4 ©2-D3 Zoh
_ pyy dA ~
V=Ri+ dt (2 l)
AN} dAEE @B AT o), A7)AY %
€ e 2.

A _gdiy pdl, :
@ ~Latrae @2
NN o= ojg. 4 @99 $4 A e A

Fuse 9% eAgy Agelw, Ful
" ol g $E/ gl

B4 A714 $34 2RAN JAA F24 9
qe vhgd 2ol mduT

d _ R

a4 - Ly % Ve kan (2-3)
dw _ 1 2 o _
do _ ][ﬁ_:k,-[,- Bo— T @2-4)
A7l N = dﬂ—t— JdYH~ W 71&7S U
WAtk whEhA 011147«1‘3 zge

. I 1l 2 dl -
Vi= Ri+—= ( )—l—zzdgw (2-5)
SRMe] @%711 FAg, AYPezHyH FEH
?Jaiolluzr:— RS 74-1191'61"4 G IEEY

Lzz)g} 71 A= ::E*(z dH @) °B FAAL

1315’-§ A 27t %"7]'0}—' TFEN 2AXE B
oW AYFeozRy FFE gYduiA ¥ 714
A gH€og WENHT UrXE 272 F3HY
L=

T3 o] FZHAM 2HXE dd SHE AUl
Ao dBE= ZIAAQ AqUAR WEEHIL, UHAE
AdZFoz vighdn}, wref JEA 27 Hojgiez o
AsA FA=HE F3Hd AR 529, 7[AHA &
H2 glon JEAAIUAE A7|dERR H A, ¢
e A7t Zess S ARV 32W, £ EL
A dgez JAAHQ FHYANMEH APEF o2 9
WA 7 AgdEe}, o3& SRMe] 3 A FE ot

SRMe A7AH EdaE AVSEe F-doA
(co~energy)®] WaFoe=2 Jeld & gl odefyq =z
A AR 7He) Fz QEEl2r givkx 718 e

4, o3t 4HFEY AR ¥ A”day W
see) ¥ Ho2 ehdth

= 1 dLm :2 _
°47l°ﬂ/ﬂ @A AXA g AHe2e v Eghel

g8 Eom9 2ust BRHm, FAFES] AT
Fol 98 o9 2719 Fust 2AE,
WA # 4F SRM A2 m-ouAds

W, = %z’ZL(ﬁ) ©-7

—213-



Al W TAEeaAE= AR X o oiwt
F-JuHA 9 FHulEztoz g $ oy vjed

2ol EHHAY.
_ W _ 1.dLO) 2_ 1,2
Te_ 86 - 2 de 1 = 2 kl (2_8)

3. AAAL Alole) YA

A% AHNNZE Basteh 2ot 43

o 9stel Ao FYRx} Hx
2YR2Y PAE dFste] Ak 5] A7
¥ 12 S Aol 7]

] Sengoriees Dirive Technygme i
l i
3 Excted Phnse P Ma.
["ﬁd“ Phﬂl] I rer Mossurotomn:
1 I

Phae Pulsmg Phae Maxmramont Drvell Anglar
FPraquency Modulstion CDSPI Adwnce Anele
Fhese Moduleion VDSPL Cupent Lavad
Amplitude Modulation Observer Based
Back Bk,

X 1. SRME] HMe|lA AHoo oist 2%
s2EdAE Fadg ¥x duadd] st Hu
Hao F A&t A E
2 (FM Modulation Method)-2 Af&&le] |73t
o} o] #AL we A AFFF7)(Unity Gain
Differential Amplifier) & AF83ld, F3F F o 4]
st SRMe 4 QE®E 29 g WEdt SRM
o] APPAANozRE A Q¥ 29 AL FIHA

— B+ ALy)e ¥+ B
- (=B Ao)e + 3-1)

g JE e
B rle
i
i
i)
»
o
e

B oo ol

oA7ieA A = (di/de)/i, B = (VA) - R oz
Aol L gte thehdn,

A (3-DERE, et AAge] o}F AL A7HJ
DESH FRECLE F AYurc] BFs) Qi

o} Aomz A (3-2)sh Lol BAHY & vk,

Ly=

A s

p= AL

I3 o=
L= V%ﬁ- and 9= F (L) (3-3)

4. 7b8 ¥at 2oz ddoldel SRM
A

—

Mo

7]

AzRze] EpFAAA ofw 23
e NEARS 30 Bo3-AF
Oe B £ 23 9 FL A7kl

$ ge BRAHCm Aogsa yzxd
of Bead osiM 2dA9 259 dqlo] A
itk webd SRMY A8® SHE Yol =3

E93 99 gxo| Basith
Fo Al8HE SRM E9= Aol
37 2o 223 Ao ERL AA B
Ba T.d F%sHA 87 Agelth Aol
= (\#i) JHEs
U0, TH2RE 8429 9449 A% 9 E
&5 £0,i,)°0 NNEa AL
ojHeo] A
3 SRM 293 o 3AX
7] Y& Aolth. SRM EL 2 &FE 2 ZF A
I ol AAbgoldT, AA, AF(EH)
ARRSE dA AFY wWE,
SRM F#%., A A, +5d
Ao o8 A SRM EQ = >

=

54

A9

o B
N
£ o

nh
4
s

Jr

1 e BouE 3
ol fm ok Md o
?:0
g
i

N
K
lo
1]

[
3

2,

=

i

~

>
ofp
.o
9
5L
i

e,
kl
n
(2 ofy gL
o we do a2 e

St

el la

a7 3. SRM2| E23 M EEX

—214-



5. Al Edlo]Ad A3}

29 45 SRMY U43£eANNY 293 & 27
o9 WEE HAET. o] & 7} dolEz AlEe o] Ao
A T

29 59 (a) % (b= Pl AI71E e

$ESRT ¢ 4T AFY 27T weFa Yok
2% 62 SEANE AEHEL Wt AgalA

e ANEa 7P AEHRL W AW Ra
& SRM® o S¥g AEHoAF ZHs
ci .

[T

L T
T T
nnn 1880 G =zooo oo

1

ag 47 S0 A9d 2 2te| Hst

2000 00 —

GO0 00 —]

1200 00—

-4

200 0D —]

400 00—

@ oo
ooa 4ua &00 100

oon am A m 1700

4
efmoriens
400 —|

o0 L e B e
.00 100 2000 30.00 #0.00 0 0a

a8 6. 7i¢ Roiof mE 223 28

6. 2%

2 =2olA, M~ 71¥e AE3ISRMS &
EAlo]l 2 ¥5 o= AN E03 FolE AE
ol stsleh

ANgHANRAANN G5 AFo] AME= o B,
ANE #28 299 AT $EIVNS vede
¢ % Q9

References

[1] T. ). E. Miller. P. G. Bower, R. C. Becerra, and
M. Ehsani, "Four—quadrant brushless reluctance
motors without a shaft position sensor,” in [EE
Corf. Power Electron., July 1988, vol. CP-291,
pp. 273 276.

[2]1 B. K. Bose. T. J. E. Miller, P. M. Szczesny,
and W. H. Bicknell, "Microcomputer control of
switched reluctance motor, fEEE Trans. Ind
Applicat.,, vol. IA-22, no. 4, pp. 708 715,
July/Aug. 1986,

[3] R. C. Becerra. M. Ehsani, and T. J. E. Miller,

[EEE Trans.

263,

"Commutation of SR motors,
Power Electron., vol. 8, no. 3, ppn. 257
July 1993.

[4] S. R. MacMinn, P. M. Szczesny, W. J. Rzesos,
and T. M. Jahns, Application of sensor
integration techniques to switched reluctance
motor drives. in [EEE-IAS Conf Rec, Oct.
1988, pp. 584 588.90.

[5] M. Ilic-spong, R. Marino, S. M. Peresada, and

—215~-



D. G. Taylor, Feedback Linearizing Control of
Switched Reluctance Motors, IEEE Trans.
Automatic Control, vol. AC-32, no. 9, opn
371-379, May 1987

(6] D. G. Taylor, M. J. Woolley, and M. llic,
Design and Implementation of a Linearizing and
decoupling  Feedback  Transformation for
Switched Reluctance Motors, in Proc. 17th
Symp. Incremental Motion Control System and
Devices, June 1988

—216—



