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High performence Speed control of Switched Reluctance Motor
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ABSTRACT

Advantages of switched reluctance motor(SRM)
drives make it an attractive candidate for
replacing adjustable speed ac and dc drives in
both industrial and consumer applications.
Furthermore, a simple, low cost and robust SRM
drive can be efficiently operatied in the hostile
environmemnt of an automobile.

In this paper, novel topology for fast response of
various load is proposed. Proposed topology
adapts anti-windup PI controller at increasing
speed referense and activate braking mode at
decreasing speed and forward load.

Experiental results show that proposed topology
have fast response charecteristics at increasing
and decreasing speed reference.

.M B

29AE g2 REe 7
A ug 281 & Z&A 4R FHEYY:s
FdHT Y& By ol B3 x40 2 E
3 Ao] 5 A42e Aol Aol g}
dtHow Rale wede AWY EI vte
£% Aoj7t 7bEEA g BAo] & Rl =& R
7} g2 288+ 7§ & braking &3S &9
ofgt &% Aoj7} JHEslA "ok

B =EdAME Aog SRMY £E89 5
MAst7] fsted 443 %Z—} AAE T3 BEA
2 A7 By A€ 7 SHEA S MAs
1z gt &5 $9E ’“° A 371 A3
anti-windup PIAI©17] & Al43l9 2, £% errord}
anti-windup PIA|®]7]& T3 Y42 Aol Hn
st 33k A"l M braking T2 AT E WA}

4, 7171 Az

fu

[

=

o
tilo

Al st Th =¥ braking $ A= anti-windup
PIA|} 7] o] o3 A== E st}

Al 2" T4 80cl96kcE AMg3le] &
A U F22 &L & AiEtm, A Al
EPROMl AZ ¥ datag ol &8 A Y&
gobd £ JYEE At AWEHE HgFY 2
A AHEE AMEEte d2H AL AFAdE E
a gEe J7 Y [11[2]

2.2 B
2.1 SRMe] == gzl

14" 13 291 SRM9| 7x¢ AYdx ® EF
T TS Uit

N

) Rotor Position
| deming Sate |

J8 1 SRMe] = @ TE AAH

Fig. 1 Structure of SRM and Drive system

L..

T
I Motoring I

osition O
IGenaratincl ©

O8 2 ShMe| QIS{EASt E3 YAy
Fig. 2 Inductance and Torque generation of SRM
2y 2004 A"E2e F7h FRAME FJE2
7V AR A FRAMNE o EA(braking

_30_



) F 23 AL A € oj9kzo] Ut
e ZEse 28 AR w¥oe dael
Qe so] S7F - e el 3 gke] @A
"o

22 SRMY d - o
29 39 34 ¥g we
e,
ALY 4N 07 3 B Ayl Ay
27b Brkshe FRAN 29042 AFA 99 A
a7t 2ReA H3, gasts TN £47

28 9 braking ==
293 45 e

o2 293 3 sm QeI d5Hoz B
83HA "ot
| adt ca bat adt cat
22g)| oo || ow |[oe |[ o |[ oo ]
szal[e ] [ ][ ] [ow [ ]

38 3 oleE Aol mE XA A
Fig. 3 Commutation Signal of forward starting
and gorward braking

a-->c-——>b-—>a-->c¢
b-—>a-->c¢c->b-->a

Y AUy LANNE 2L PPoR 297 &
g A8+ QA A

olgldh 294 AL A F¥E zn gl EPROM
o Aol Mg T A & & A FHFeER 4
A 78 & F Aok

294 deg vias] 2 YWE braking B3 A9%
3 guE JEA 29Fo] AA= ALEE ¢ 5 9
Td, o7& braking F3o] " ooz LS
W SRFgeR FAstE @] Y FE ddeE A
€ ¥ Stk 2YBz2 Ao Ase A &g
HHE £ UEF FA Holof d),

23 SAMS E3 AT wx !

AEA 99 243 braking T3 ddojAae E
3 4L Aue A J]&r)7} wdlo|m R £4] I
3 g2A A ojof & Ao}

SRMe] Aty ae

V = Ri(8) + Magﬁl

1)
= Ri(®) + LOL + -aLCo)

dé

714 A F2 1%7} A Mgl o3 AEolx,
A F2 A7)3 R0 FHHAE dux|9 HMPHR
olm, AR 3to] 7|AH Uz wEHE -5_'—°]‘4
ol o] E3 & F&7] 9438t Coenergy W, 9 7

d4& =t

::

i(9)? 4L(0) 3)

2 89 4 3t 9714 SRMY @4 EzE AF
AFol vtz Az ot A 29 7] g7]o] H]
e & & ol 2 agerg 5187 (HY o
= AEA ()Y W& E_-':IJ]— wAEe falgo g o
7} 9ok

(DAolA 3 8 Aue eI 9 drjdee
Q] AFE FAATE Wz AYL B A7)
A% braking FZAelE AHE 20 71877} (-) o=
2 AFE /M wgez dr)dde] e o
P72 BEe & £ Q.

a9 49 0¥ 5 6& HEA 5233 braking 534 A
738¢ =488t dehiglo

Bon Bt Boxt

08 4 MET YMA MEOY
Fig. 4 Current waveform of forward torque

a4 59 62 :hiZM] “H‘i— LAAFY ¥ B
1 gled O 58 F
25 2 ver F EVEQ —% EO]

38 5 abraking(¥YEA)SEA HF oY
Fig. 5 Current waveform of braking mode
{overexcitation)

..31_



Lmax

Lmin

38 6 braking(¥EI)SEHA| MFaty
Fig. 6 Current waveform of braking mode
{underexcitation)

24 Roj7| 7o

anti-windup PI #oj7]= A& &9 wind-up &
2E& 3t HHFY Uz gol o) &3ti i,
Z8o] AR G FFole PlAV L&
5&4E A Ha, £ AMFdHE AS A7
28 () AAZ A7t" EH (WAl 27 A
o HEFS FAAA
a3y 72 B =Fd A o]£% anti-windup PI A
01?]}"1] braking B2E AazdAe] S & e
=0

28 7 anti-windup MO{7] EEX
Fig. 7 Block diagram of anti-windup Pl controller

9 Aoyl BemelN A¥r) E¥Y AdEs - =

q
ged 2o,

%e if u=v
= (4)
7 ﬁe—--l—v if wuFv
Ty T
B £ Woly @ Rast dHe o Aorle

THgdos SojztA =i, %;v o] YR B
wHaA oz nEd FA Hol windupHE A

o

w3 Aozl FFH udt &% errorg o8
braking &AZ S, & FANEZF FsIATH

25 A galol M
ANEgolde PSIME o4t 2¥ 8% ol
Tl Sk

J8 8 Algdold MA 74k

ag 9, 10, 112 PI Ajo}”7], anti-windup Ao 7],
anti-windup + braking# o1& #L w9 &=, A
F59 #¥& vusA
Atk P14} 719 49 &% F7HAl overshoot7} T
st A& Ao E overshootsd 71 AHE H8E
gt 28y anti-windup PIA|o17] A $ &%
Z7tA 9l & overshoot®lel £E5& wegs £ F
AA T 7Z+&A] PIRUE ®EX| g 23l o)}
7vel Alzko]l AP AL B F U

2

a8 9 kPl H o7
Fig. 9 Conventional Pl Controller

¢ Piiiiiii

HE

11

Piits

28 10 anti-windup M0O{7|
Fig. 10 anti-windup Controller

a9 112 A" A 53 Alagor F4
#L do s FPez Fx FrHACAE
anti-windup PI #Aej7ie} & EAS & & U,
& Aol = braking 53& gt WE
&5 £33 AL £ 5 A

- 32 -



vebitis byaaat RBEEERAG

38 11 anti-windup MO{7| + braking Ao
Fig. 11 Anti-windup Controller with Braking mode

26 Ad

B =70 AL 12V, 250W 6/4pole SRME °] &3}
o, 80cl%keZ AoIFE FAHAL, HhA 2A A
HE & o] &3] s2egrz AFANE AT

1y 128 A4 A2d 74 BAEH

- \

Asymmetric

Bridge
OC Power 4 converter /4 SR | [ crements ©
Supply T ") Encoder Gm ator

Monitorin
8 Hystaresis
Cantroriler

[anamus)
[sasens]|
& o05ae)
o Baaia
[2 o0

L§1l[e8seRes]

Braking operation
signal

a8 12 M Al2H A
Fig 12 Set-up of SRM driving system

a3 13, 14, 159 ALEE Bate BAo] & REE o
g3t Ay sgzm, 29 1494 #HEA] reference’t
zeroQol = 23t BAo| &) o 2557t AEel uls)
33 159 M= braking 53] o8] W $HATH1Ss)
€ RojFa glth £ braking $7 M= 1
59 63 2& ARAY YeE Ae & 471 Atk

]
|

current| ref

a8 13 Hk Pl Ho{7|8 AL ¥ o
(2s/div. 10A/div)

- 33 -

| dmeedem | -
/ i s oo
. i
- - ph--E- cdrren(t
= : cofrend -

o

212 14 anti-windup Pl MO{7|1E AL2¥E o
(1s/div. 10A/div)

| i soakem
A £ \cu rreao r-«-r-nqc-

-

718 15 anti-windup MO{710l braking S It
2 uf (1s/div. 10A/div)

3.3 E

B x=BoA AME3 anti-windup PIA|¢] 7]l
braking $3& T3t T A B A} 4
¥ £ Byos e A% £ St FEA
o WED AdRY £E AFE & F AV
SRMe ttE ZEd H3 ey FEE D 3l
3, s Aojor 4438 IS FEAY
Qe AL A Qo A Aolrle A1&
A xelo] oFzte] £=AH $43x] datal FAFLEHN
443 T3S FIEY £ AU

2 2 2 #

“Switched Reluctance Motors and
Their Control,” Oxjord University press, 1993.

[2] Hwi-Beom Shin, “New Antiwindup PI Controller
for Variable-Speed Motor Drives,” IEEE Trans.
Ind. Vol. 45, No. 3. June 1998.

[3] A&S gz #A9A “PIDAO]E o] &% Switched
Reluctance Generator®] Z#AY Ael,” d¥dx
stetd =583 p. 701~704, 2000,

[4] 4719, “x%E SRM 7H¥& TE5E& 92 #A
Aol7l A" AEad AAree=E, 2000.

[5] M.Stiebler, S. Gotovac, “A Switched-Reluctance
Servo Drive”

[6] Yang Haiging, Sanjib K. Panda, “Performance
Comparison of Sliding Mode Control with PI
Control for For-quadrant Operation of Switched
Reluctance Motors”

{11 TJ.E Miller,



