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Abstract - The good features of a switched
reluctance motor (SRM) are appreciated by the
appliance manufactures. And it is spread into a
The few
is higher torque

commercial and industries market.
disadvantage of the motor
This paper
Instantaneous torqgue control scheme to control a
speed precisely. It adapts phase-locked
(PLL) technique to cotrol speed precisely. In

this control scheme, the phase detector signal of

ripple and noise. proposes an

loop

the PLL regulates the switching dwell angle
flexibly and the
adaptively the instantaneous switching voltage.
that dnive
performance is good with low torque ripple.

loop filter’'s signal controls

Experimental results show

1.4 B2

Switched Reluctance Motor(SRM)2 T3¢ 7t
@8, AnAdse FHE JhHE AFIITEA
o] Mg A BEHZD i1l z=iv o

1571780 dddez & EFANER <

# AEE FEsty ALEEAH AN F

»~ Z2ge WAF
£ Fol7] HAsA
Ca A Z . Az
st g4t £PH7) ADetd Eeag B4
= =4 v

* Dept. of EE, PNU

E2agEd £ dE dE79 ANH T
ZE NAFAY AdE B3t ELas At
€ Fgel shwahd, dF7Y AVFE =AH L
ZART 2P #Hol o o EE HF
AolAAe¢ aFsA Eh aelnzg JE79 A
FHEE Adstr] AEAe dg, =294 &
Lz & £ 3 Ao REd 2T
o] aFdrth

ELaLATRAA SHELAE HYstA st

Ik B =EAA ER
aHEEL Folx ALY E=AE A3 =AF
o2 AFAZE Aot M= A7IEE A

A=

2 A e #AEA 3 &EF
advancezt# PLLACI7I¥W & 5ol ALstA A
ojgitt. & HEZAA AR EE 7HA
L2TPLLA ol ols) EoTdH TN £A] H
HEQAE LAHSGEE AojHo AP g8 <t

=
49 £=24% 2052F A7 Zne B

advanceZt 3}

3t sat
2. E35He Hof

SRM< £3589 aFAFH FHAFo] FH
=7l AR o AT R 293 A
e dvtdeEs Eeart HAET 2y A
e A2HA ATt A oA T 7IAHE THH
o =2 g3y e ARG FARHE F
HE7) Ao, & AvEEH 27 4 0 29



AYe A, 2947 3%
O
=

%]
FRUAG 27X AR 4%

8 1. 3R =EglojEe
Fig. 1. SR Drive

Eea 24 FiAAE EHHEAL Frbsin
AE71e Fg dHEE L6 )7 Fgez 7

AFLASHE HF FFELE 2" 2049 2
o &Rt HAFE UMY v(6), 27VA

Curreat, 1

28 Ga Oy Om
Rotor angular position, @

A8 2 cdela =20 HE
Fig. 2. Inductance profile and current

AFK 6y, &= H7]7dH(speed back emf) =
AY Bt Qi ZAPC = ALY
SRMel Aol @A FA4L

W)= Ri(8) + (0, LD + g dhl:D df ()

2 ¥gEY, A ()] 22F A4%L AX A%
e, SAGe dAHs Fehold AAFe &I
Ar1Mgoln FAd ZAR Uz HBEE
AEE 7474 JdeElia Aok old 271X AE
(6=

i(8,) = Zc]u(]f,ﬁ ' (2)

Eom wAZGdAL B3 (4,1)E 4 (3)

o} oy T

054

0.4+

0.3+

df/d8 [Hrad]

O T T T T
—6-30 3 6 §12151821242730333639
rotor position [degree]

O 3 oA E A WHELE 4008,/ d6
Fig. 3. Changing ratio of inductance, 4L(8,7)/d6

0= 26 4LLe1) (3)

% w4Eoat FARAY dEsy U
Hog SARE FEAA FAY dBEB
ARE Aoldiel BT EL ABAUT

gt ol E Aoy dErso WaEe
dL(g,)/dg7F HAFell mat dASE 71 s
Al ol Roixa gty Z#u 2E 3olM el 2ol
JEE~REE dL(F,1)/dos HAFJg wp =
HEE MR 2R ol nEdtdder & Aotk w
gA AR () "E7e BEeIAAEHL I
Ast7] Y8 dHASANELIE SN EE Ao

5o} @,

21 EL3IAOE e Hg

¥ 20 WEgo] ¥APHom Ay
BEHELQLAE TAA77] A AL A"
st 78 4= it

EoautATIld N EoAE Ajdy) 93y
A AAAG ()T 27A HJF (s Ao
tdok &t A (DI R)eZRE »(4)/wd e
I} Zo] =

vw(ﬁl =[RZ§9)+L(5,£)_ di{{g} ]

(4)
REHGOR RO
LREEZHAN &AL v(0)0] £=R7]HH
R VaL(8.1)/36 7% o 27t
(BLO) y ey 40 1B e BAYFEE AojdA
oA Eeas weed 2 F g Aeld



Fottage [V}
P R YR T N
howd g g ia
200G O a0
FI S ST S M |
\\q
o
»
ME
NE
z
=

© 3 6 9 12 15 18 21 74 27 30 33
rotor position [degree]

a7 4 SA HEERIE B oviEy

Fig. 4. Applied voltage for instantaneous flat torgue

22 E2Ie £ otEEE 2T HojAAE

oA HAEELAE ST AT HAAE
oAl Ay Alold o& 28 £ vl olgE
HEAAFFES AAstet REEF g B
A 1E YA advanceZtS FAH R 2HT
T 9oy 2o £840 3 AU £54
Fg 7 At

olE el 577y RadAANEE
=Y F advancezte] FAg AAA2H[6]E HE
o] wtFA s ol RE $A AGAY AA=
o] Ik s ol E I A HgA] H
A $dRA S 7150l 5% PLLAIYZ1E A
A3t Ao F9= FE|(loop filter) =82
SRM 9] FA A A o ], /¢4 % 7] (phase
detector)& 22 SRMe ZE5ZAd HELse
Fag A7 E-E =9k

S

3. PLLAofol =j8t £ = A|of

Phase Lock Loop(PLL)E 7|#°o% & F3
72 $l4& dAANIEZR 3= A7 ot ol
3 A" AF7Y SEAAA Y HEF 7
A& ET o] A EFIVIFSEZE AT @A

THE F, AEFLE g g6 =
qeixs Zetold FTHE o] &
AEd dEE T8 e 2
%7 =E e 988 It

(B

oX

Ay
to ¥ 2

b

}

3

k=]
Ll

o o to
o H oy A
8
flo >

kS
A s

7

o
o

=7

>

| &%

oL

lo

o sede T AAE

1—

7], F¢ZAE, I3 Voltage  Control
Oscillator(VCO)= T4 = o] it} o1& HF7] A
o] A" HEeA HE VCOr #AFY T%
g2 o831 AHAREES vy &ls B

= d=ZE=E dAdo

Slot-thsk
* gg':%? Inverter E
ll

-

Drive
Circurt

L

: |
I |
| |
} |
|
| i I
; -
Ret. f.01[ Phase i Oa :;vrtlcemng Phase |
signal I Detector 9 Distributor I
b !

i

=
g u=

Controller [

O 5. PLLE ol8% & H A AH
Fig. 5. Speed control systemn using PLL

1% 5% PLLE o]&3 £E oA~ 1o
AF7A PLLACIE AF7) Aol
S AP EVIe @A VEFHrY
= % dzciete] HARE o] §atol
ek L ARFE Aojsled ol&=Ho stor}
2z [ 2" e A7bag B ofvdt =%
Al o)l ggeoz A AL AR L o

2 B EEe $834¢ gl A
T8 Eea-&wEAe QATES FANNZD ¢

A
J

3.1 HMoAlA=el 7N

AodNzde HY

AHRRI], AT, &5
AXFE TAAT 94

]
ARAE7Y NzE F)EF
dee HARAHY EHNBe Fohge] 94
Ao ga) sl o 2

doid 7|2Aoz Rl mE ga

43el Agst ARk Hepq 9y
o)

&

4EE

f o di
do e wf
N
lo,
X

i
]

Pk

=1

r
N,
AN
¥
_L‘:i
_l
il
[>
)
oy
>
o

o o
I o>

e ol
TR

to

15

i

M)
ro
o !

138 62
g 233 9o $EAF HesE NFF
S A9 HAA



718l 83 E FTZZEHSA %Q% WQﬁ
SEM® advanceZ @ E=Ezte] oAz &
stA stk ojw HEF7]e F-3r) Fo)s Pﬂl A

load variation ]

reference signal mm

1 ] ] 1 1 1

] 1 1 1 1 1

rotor encoder signal | | 1 ; ; !
», 1 [ [ s Vo 1 ! i

phase detector ourpue | 11T 11U
loop filter output 3 {_,//',—

Timw

O 6 Hetol uE &2 2Rz EHMET
Fig. 6. Output signals of phase detector and loop filter
when laod change

AR A=z FEAEZF JAAA Ho} advance
Zhol AAA "t wEA 271A AF Z2A F
gHo] 7t¢Ee A7 BT o WE e
237 #2439 advancezt2 ZFolE: 73]5101 7::
3 AH T S5 72 Ree HFe ghE &£&
QA AL o FLEZgE Eil:‘,’d.?-’lt
PWMA 2171 & 3t A¢A|o7] buck regulator
o] YEAER AL FAALGE AFA &
o EadAFdAY AFHAEY B AVE =
A&tA drh

2 230 PLLASIZA E8=ZHE e &8

NEE GAHA QT FANE S ¥74EY 7)
TE 7EAR I dEF7IAE PLL IC TC9142
s Agstar

S

A& 7] (phase distributor)E 3 A=A} A=
HANFTE o:]_)h_z;]oi a"" _,bﬂ- _>C)\1- To =z
Z e BAMNIZZ UFI o] JAIF= 29A7
Al o] 7] (switching angle controller)o] &]& $} 42
E7]9 £¥459 = AND €4tHo] Qg
29 AANETE B,

ﬁ]%‘i/‘} AdzdNM Yos dizes 29

Z2 ARgE7] w2 1 3A”

4]

b

I

L

e o
ne o,

P puutse = QN (5)

g 2 9714 = 2F0lT Nre HAAT
t} 6/4 SRM& ZA$ 1 Ao 12319 29
202 37 fE dzmcle 225 128
o dutydlE 15%E ste] 7] F & & o] shel A
2 64 FAA dzd AS5E HAH ABE

A4z oz Agarel HEAAT,

o o
o

[ W 22 b

32 PLLMO =4

PLLY Ae71% T ANAEZ79 F=dH

ol EHEAML MdHEYW 1% 73 Zu ¥ 79

TAHTEL T AL 9% AGH =

g #¥37] 9% advance && A4ks

o aEn AAe A¥EE BE AdH=

PLLS 4279 F-ZHE AZE BAF
o] ™

2 gt FoF £EM Eeart Frstd B
a9 B¥L A3 2977 Age] 2AHE
A ¢ F vk FHTGEY FS 2eart o
e WSjelA ARSI NEFeld Bhst YA
X PE AL FUELIAEZ WA A
T AELIZIHAA AbAAGE A 2E F
71 WEelth

p — rmeasures
i === golouloted

Loop fuller sulpul [v]

Phase defector oulput [degree]

Torque [kg em]

o8 7. PLLAIe] &M
Fig. 7. Qutput of PLL control

4.

[l

227

SEAMAAE L nARF] 67, AR Fo] 4
7igl 6/4 SRM, U4 98 B (classic inverter), L
A3 ALGAAE 98 buck regulatorE A3
o B dddAs ZAARFOA Y EoagES
[

DAEG B oA FAG Eead Be

aghgedd) 98 73

28 se 23 :ﬂr?’éc’ﬂ %
n g o 39 8wE 48

)l A, 8h)= "LZ‘_%% 4

4% £02F vAFI o FUFY

-457-



Ml/‘""‘xmw fww_/ww

o o TR T

(a)

ITERNSEORNAY,

e B s =

(b)

CRTT S00mv WO S00mv M T0my ChT J SRV

(c)

Fig. 8. Curent and mnstantaneous torgue (a) without current
regulation (b) flat-topped current {(c) suggested scheme (upper
trace : torque, lower trace ® current)

312 REoaE s AFE 5 o 8
2ol ¥R A 7€V WMEE BAgstd FE B
AT Aetitye] EQAEL BT AZY #
Aee HAE,

Th? 500my  MS0.0Ms CRZ 7 —TORV.
Chd .00V

AR 9 7|sAlel S54(0 oA 1,000 rpm).
(@) = (b) E23 (o) FTELUEEYH (d) HF
Fig. 9. Starting characteristics(0 to 1,000 rpm). (a) speed (b)
torque (c) output of loop filter (d) current

42 &xo| g =54

¥ 9v AF7] 71E5EE BoFI Ut 7
FAA ME7NE ELIZE 7HEAI7] ek &
0 =543 Adde= 4 S
A SRR 2 FLZLHe FHE %
A Ao

B &% 1000pmol A PLLA <] ofs] =4
I owAl A7rEgel FasAl AeHn AL £

A7} o] %] ATk,

43 F3stoll g =54

I8 102 1000mmoA FEIELAEZ 10
kg.cmol A 200 kg.cmZB Z7MAH L vo TEA
BFT vk AFIe Pt AT B

B
dt3 =7 A7MAge AN E A5

1 o

T T T

(b} - : M
Z‘W"' L ﬁ ) 1 | \

L Ums =Tamv

S00v  cni daav
a3 10 AHSTOM Rsjol GE S5
(1000rpm, 1.014] 20.0 kg.cm)
(@) &= b E23 (o) FL=E{EYH (o) MF
Fig. 10. Speed response(1000rpm, 1.0 to 20.0 kg.cm)
(a) speed (b) torque (c) output of loop filter

(d) current
ZE=RE7E A gle AAE +AEALE 25
T At FHAFE FAFAAGE advance?t
ol &7t o 2 AAA FHIL o]Z Qs T
Hel 284571 AAA Hol A7bdAge] 713t
A Ha dAEAY HEE ofFA HYE HAF3
F2 A 2 2dow o
5. & =

SRMS 4RFsHFol me}t BS54 gz
G E029ES Bol S¥sUE Brh A
e A7tEYe] Aoz EeagET SEWMTE
Folz AAHH FHEAHAEZE & F Utk o HF
Alg #3 FEFSAL AMALE oAHo=
Aol %+ Qe Aod7lEe =UsHIT

B =RAAE E3fEE o7 AT A%
2 #Astn, A" Age FAPAINI At



: =
¢ 29 ¥ YE% gk ¥ ool HY
£EAcls EeadT AFSHS FAL + 9
sich

AA

[1]1 P.J. Lawrenson, D.Sc., J.M.Stephenson, P.
T.Blenkinsop, J.Corda, N.N.Fulton,”Variable-
speed  switched reluctance motors” IEE
PROC., Vol. 127, Pt. B, No.4, Julyl930

[2] Chi-Yao and Charles Pollock, "Analysis and
Reduction of Vibration and Acoustic Noise
in the Switched Reluctance Drive,” IEEE Trans.
on IA, vol. 31, no. 1, pp. 91-98, 1995.

[3] M.O. Bilgic, V.ozbulur, A.sabanovic "Torque
rpple minimizationof a switched
motor” APEC'95, Dallas 1995.

[4] P.C. Kjaer, J.J. Gribble and T.JE. Miller,
"High-Grade
Machine,” Proc. of IAS annual meeting '96.
vol.l pp. 92-100, Oct. 6-10 1996.

[5] 1. Husain and M. Ehsani, "Torque Ripple
Minimization in Switched Reluctance Motor
Drives by PWM Current Control,” IEEE Trans.
on PE, Vol.1l, No.l, pp. 83-88, Jan. 1996.

(6] S.G. Oh, JW. Ahn and YM. Hwang, "A
Novel Control Scheme for Low Cost SRM
Drive, Proc. of IEEE ISIE’95, Athens, voll, pp.
279-283, July 10-14, 1995.

[71 A.W.Moore, "Phase-locked Loops for motor
speed control,” IEEE Spectrum, Vol.10, pp.61-67,
Apr. 1973.

reluctance

Control of Switched Reluctance

-459-




