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Hybrid fuzzy PI speed controller for switched reluctance motor

LI Hai-rui, YAN Gang-feng
(School of Electrical Engineer, Zhejiang University, Hangzhou 310027, China)

Abstract: In order to solve the problems of strongly nonlinear, multivariable coupling and complexities of the exact analytical model for the
switched reluctance motor(SRM) , the traditional fuzzy and PI control methods were investigated. After the analysis of system model, the lin-
early and nonlinearly relationship were established between the plant and controller. A method called hybrid fuzzy PI arithmetic was presented
to design a speed controller. A simulation program of switched reluctance drive system (SRD) based on Ansoft and Matlab-simulink was de-
veloped. The relationship between behavior of hybrid fuzzy PI controller and SRM performance was studied under different feedback error cir-
cumstances. The controller stabilization performance and SRM static/dynamic performance were evaluated at the same time. The physical
verification experimental results indicate that both static/dynamic performance and robustness of SRD are improved.

Key words: switched reluctance motor( SRM) ; hybrid fuzzy PI controller; ASR

— et SRM Bt AR FIREEREMS BT, X ffi44

0 51 &H o L S T 15 R T L D SR A A

O 5K 1 B i AL AT 45 ) ] B, 5 T A 4% AR
SE RS ATRE S IR, PTEEE R B R ; 5 S UG
FRIzAT55— R0 . LB 240, (k5] 1
KRR EF PTG, AH R T LA BN A 5
Hay AT B M W A 0 e e N 3
x5 | L EE AU 1) B K 2 R [ IR Bl R R T AR T
LU ) P E AR 2 s O T 4R LA R AR AR L

W B HA.2014 - 10 - 09

PRIER, P L P U - L B U RO RN S AR
EANATE A B T 43 5 e B X B B9 2 12 %
FLRLTC AR AT DL, R R A o O v AR
AT RROCR

BRI il AE R A o B s T AR Pl B R
SIR FA) LI BE ) AV, 7 O E FL AL R A A
TURGOLT , fERERS 2 R AF O3 HIOR , BAE 55 T

YEF A 2595 (1989 - ), 55 ALy N, T2l Jy v 35 W AL 3 J5 T YT SE . E-mail : 1hrd1s2012@ 163. com

BIEBRREAN GUNE, 5,207, W14 3. E-mail ; ygf@ zju. edu. cn



. 374 - L )

T i 3248

ST , AR AR o A5 B o) T B it SRM 4%
i s, 2 e DR R AN B S A A P A o ) R A R
Bz RGBSR PL IR AR LA Bk B
IR, M H 2R T RGEMHSRE B RS
A TC2E MR P ) R 2

AHTFOREAL GEREM 1 ) R P42 1 B R 255 1 1]
PR E W A A BT

1 JF SR 1% BH L AL &S A A

1.1 BHLUEITRE

SEHIERY SRM W 1 R, Bt —F 8/6 I
FHP TR, 77 e T2 i R R B 1A, X0
WP 5 B ., G2 58 4 o F T, % 1 25 4 T B £
WE T s T AT AR

BT 8/6 T SCmEBH At ML v &1

MEEFAL TP L iR B, A R E R B I
AN R A, B 1k 7 A R B G 46 T B AR
JihtE A g e B B — A R A, E SRR
W EE G 7R D - >A- >B - >C - >D; %
TR RS s, E IR DT — A
i — A5 A
1.2 EBHHEFER

F TR DG R L LG B 0 ™ i R e ke, fifi A5 2R
FRARE D 2R w ARG IS AR A
AT

100 (mm)

B2 D MRG0 A TS L

{ELIE DA #7182, RIHE T S g BEL L BILAR Ry — 4> F
KT RGP T R RER, L, AT RS
S AH 2R RN BCE A B AR b AT LK H
AP B RS LR S R, X%
P RGBT A A ok 7T

ol [« s 7 | RS [

K3 JF G A ML AL

Horp B R G B iid N
dgpk(ik ’0;;) k

w=Rip 4+ k=120 m (1)
HLALHE A3 R B R S HCE A
Tk(Le):aW/“a(;’e) o k=1.2..m (2)
MRS T T
W) = [ (i 0)dil ()
0, (1,0) = ¢, (1,,5,..1,,0), (4)

PUESSRUN YL SIS L L 5 Wan DESE & S LD e/t
WA () AH 22 () s R 5 O 2R, =K (4) mT T A6 A
€9k(i,0) =€0k(ik’0)’ (5)
MU R G AEh
0=w
Q:%(Tk(i,e)—Bw—T,) (6)
Aorf s WU R G 5 oW i B—EEE R8T —Th 3k
L2 T
A (1 ~6) , FIRs T I i BH F AL R 3 3R 458 57 3 1)
BB

2 JF SRR FH ML ) 2R oA
AN RGHER I 4 F

I

I

: Dy ©, Ez37

I el
! @

I

|

: d/de

|

K4 B R GAE R

.7
|
:
IR [P ) Ay [ORM
|
|
|
|
|

ef 9, YT
R
! e
|

Bl LA T 45 b PPN B R AR 4 E B
RS A5 S 14 22, i Hh Rl o 5 Pl A R R e K
VAN LT, B 1k R S AR Kb B PWML A
for s AP0 BE A CHRAE A% 07 B, 45 B0 e 43 A Dl i 1X



53 1

2 Ey , 5 ORGP R ATLIR AR PS5 © 375 -

(] ; PWM A2 e ARG 3K 3 15 5 | K 0 RE 2 fiE 23 IR
EX N
2.1 EMEBKIKHFARIES

HI LRSI R FHARTFRE b NI 5 s, &5
Hh A R0 1 T AR R AIE H A 0 L PT AR R, %
FFh EIRTF ORI A i, (958 ) R0 25 A0 58 42
S, PWM 6 SEmE T DA a0~ =X

(1)S,.S, RIBFCHAT PWM 8% ,0.5 <D <1;

(2)8, &l ,S, 4T PWM 5,0 <D <1

(3)S, il ,S, 4T PWM 5,0 <D <1,

H . p— 57551,

=

AR

D & Sj‘:l

K5 JFSCHEBHAAL A AHE 0] UK Sh 3 b

PWM 2 il W o U028 A 38 K FF G [ % Ak BEOAS
MEA TR, B g i R B B PWM 4%
Tl SR 2 F 3, YA PRIF IR A — 5 R 1Y 3K 3 AR =)
P B Il R AT e — SR T A A R PWM 4
Femg 2 F 3, DAL 3 B s it =X, 54, dnr
DL i oA ] H A, SR USRS i 7 =X, s R PWM
B A st A P P S T B s i A
2.2 FERIEINIREEMAE I 28

ENIE AR sy i R R R T o sl e R e
R P ) 2 2% B2 N s [A) S 2 BE A 29 3R R E A1
EC 1E BRI Hil 48 i A ZS U T2tk il B i
PD" ' PR AT 3R AR KA A 3 A 1 g, E G kT BR v
25 DRIERR AR B I ABORIR 0 071, TR A AVEBOR
Pl Gyl 28 an &l 6 PR,

W&

AR v+
el

Ko RGBT P AL M f il &
Forp RO ] AR S5 A AN 1AL 7 R
, 4 Y Uy
%:1 wetife [o{pomiseyl > xum >

Bl 7 YR g

(1) TEHEATROMIAL Z AT R A i t0 AR Sk AT R
FEASH i 22 P ARSI G A8 0 EEAIR BN, Ab R
2 R BE R o, 0, 1w, WEEEE
WIECh S=1 -6, -5,-4,-3,-2,-1,0,1,2,3,4,
5,61 TMSEBRB I

Hd R ZELH N : — 1500 r/min ~ 1 500 r/min;

EEHIRIEARAL RGN . — 100 r/min ~ 100 1/min;

FERIEERE R . -0.15 ~0. 15;

B ARG N v € [a,b] , JASHFLI .

, 12 _a+b
TS (7)

ey A T AR BRI
X',y el -6,6],

(2) B A B ) A S BRI, B AR
WU 4 #Eh 7 ASERBIEG . IE R (PB) L IE
(PM) IE/N(PS) (FE(ZE) fA/IN(NS) [ fa (NM) (i
K(NB) . B2 RZEAAR UL S A5 i 1SR ek ECR
JHANE 8 Fron i = A JE pR R

uix
1

NB NM NS ZE PS PM PB

0

-6 -4 -2 0 2 4 6 x

8 BURIAE & Rl 2 S S pR L

(3 ) PSRN 2 ] M) 28 e ABEAH 2 o e T A9 O B, R
BIFTER FH AR LI AR 3 2R G0 i R 7 P A i %
H S AR R R BNERINFE 1 Fis

R1EMHEEHEI R R
EC

PBPM PS ZE NS NM NB

PB PB PB PB PB PM PS ZE

PM PB PB PB PM PS ZE NS

PS PB PB PM PS ZE NS NM

E ZE PB PM PS ZE NS NM NB
NS PM PSS ZE NS NM NB NB

NM  PS ZE NM NB NB NB NB

NB ZE NM NB NB NB NB NB

(4) #EFEH]LR FH mamdani #EFRFB B G0 9 Fios,
TR SR AT 95 (A/A'B/B' C/C' J@ T3 A 18 35,
BOWIES) o
SRR AT 353 .

Z uB'(Mj)Mj
_ J=1

!

y Bj (9)



- 376 - GIN H

T B

o532 4

BRI Z R4 .if E is A and EC is B, then U is C
w/E w/EC Min | ®/U

-6 6 ) 6 -6 6
() WilkAsmhE (b) WitkBSmhE (o) JetFCHE shE C
K9  HEHHL( Mamdani BIHAZL 5 F1 Max-Min 2 5258

A suy ()t ERORI S B P58 ) AN JCR
FIowt i SR e E . AR B 22 (8) A SR 1S
SR L P R A

THN T 49 ZRAN)  ZERTRIAL ST AE 2 AN
AR RORA SR 1 AR ol 2 B T O B A g
R 7 %) s ] 52 4% 38, A0 SR 78 4k tE AT 0T RE TG W A2
SRM A3 RGP R, PRI, 25 R B 41t
AL AR ORI 4R S SR T R AR i ORI
SEWE 10 Frs,

K10 Am il &

3 TESSEAR

AHFFE R Ansoft + Matlab_simulink 17 2L 152 56
(R 7 R RS T R R G T BIE
3.1 FESWIE

(1) M\ Ansoft V345 F ML ) #5007 - FL 9 OC R
el R =AM =i, 19 20 0 R EE R th £ dn
B 11 R,

50 300 0

Ele deg/® 7100 200

Current/ A

070
&l 11 SRM Rtk

(2) hi~(2,3,5) I B A 4 E Al 2l & 19 7
IEARRIRFAE RPN 12 FR

T “ 2

7/100 NXm

~400

507 7300

7200
Ele deg/* 100

00 Current/ A

& 12 SRM %45 4k

(3) H T A5 % 22 7. 5256 F SRM 7€ Simulink FR3%
TR EAR A RS R A MR P i vk )y
EHIREWE 13 Fin,

LA\ E—

Gain

Fuzzy Logic

Controller
+
Add
1
>

T, Integrator
Limtied

K13 IRA R Pl #8055

Derivative Kec

FESHEEE N A 300, Wi fl 52.5°(A

XFFFOLE N 0°) s BERALE V), =514 V, S5 n

=1500 r/min,ﬁﬁ%%ﬁ 150N « m,
TRAHOM PL#5H SRM J3 shad B an & 14 FR .

0.84 ! - L L !
e * mmin i (b) PHE B PR 1L

1500F :
1000 : ;
500 :
0 N

1 i L i 1

0 0.1 02 03 0.4 0.5 0.6
(c) HBLELE s

14 EAHOH PLEESH SRM 3 3hid

FPE 14 RN, 5% R A5t i 22 ORI, PTO 15 4%
YA T A S5 S A R MASORY 2 At s
S B AN AR LR AR R 22, PRAIE T FL LAY B A
e, AL M2k E R R] T, =0.3 s, THIMH; RS



o531 ZEM A, A5 T ICRE P H HLYR A B PT #3 hF5T 377 -

B, PLAR M RN S 577 SRUERR ARG B, Tof 22 .

AN RS sl & gema i an &1 15 B 45
BRI BB AR R B R A RIS T, gk ik
100% —33% —100% ; IR G RBIFE RIS T |, 828 4k
100% —33% —100% , H & 15 A7, 24 HAG RO 4 il

A E I e S B BR e 3 A2 A8 2 22 n . = — 100 1/min
(F 45 n , =1500 r/min) , F7ZAE AR Bt 5%

FaiR 22 An =120 v/ min;; 17 24 R G VI TR A HOM P
PRI A AE 0.2 s INIRGH I 8 T 45 8
WHon L, BRI, 22253 0.4 s EATZERE,
AT L SR RS AR PT 25751 9 SRM 1853 R 48 A7
R AR shi St RE

() OB B ) —fl s

0.9 T . .
0.7L : J
i .1')(1‘%44%?1“ i I {rm.’lﬂﬂl’l I
) PITLT'JMITIJEIJ |—fk4tit
1700 — .
16001 :
g I
E1500F : N
~ Y
<1400 M }mﬁzﬁc
B0 12 12 16 > 22 24 26 28
(c) tﬁm?ﬁ_ 1ls

P15 ORI SIS T IR AR R e i
W 25 7€ BER 500 r/min, 712 SON «+ m, L
VBRI A N 400 A HFFRGE N +50 A, HLRAE R FNTT
KRN 20 kHz,
ol PLYEFIR D AHSRZH f i Ll 16 T

400+ - :
<
~7 200 VJA
0

t/s
() DIHGEH TR

1 1 1 1 1 1 1
0.15 0.16 0.17 0.18 0.19 0.2 0.21
t/s

(b) MG LT
16 #l PLAEFT D AHSE4H s ifi o

ME 16 BEFREIE T LUE 1,7 PLEIRERTT,
AH R SR LY AT A MR 2% PL AT AR A e ANHE
G SRM AL

f{th ] *%*ﬁf%’]? D *H%Olb@fﬁﬂ@ 17 Fﬁ/To

t/s
(a) D FHGELH HL I T

-

1 1 |

Il [l ]
0.345 035 0.355 0.36 0.365 0.37 0375 0.38
t/s

(b) DG BT

K17 RGHEN PLIERTT D AHSEA R

&L 17 0T D Dl e ) — SO AR 4, BB T g
il 752 T SRM FE il 1A 2t . (R IR A SRR PI
P TIATAS GEAR g s SR Fh T G T R 5 | g v it ol
A 5 AT BRI RS
3.1 W5

IS4 AN 4825 B o CZ-200 RUREHH1 5125, SRM
AL HL S I DAL AL A =2 s v A AL shiliikaz . by
T RRARRE L = B R A T 00 R G s, fif
Vo =100 V ASBFFER A 2.1 59055 2 Rl r =X,

S H] SRM e[l {5 -5 AN H G HLAL B P2 1, R
M/T 003 e s h 5 s A7 LR A Matlab
HE B DR T B O R, D R SE 56 B an E
18 ~20F7/R

f200v/ Bs00v/ B 204 @500/ 10008/ @i §

Ly
24 %’Jj’u’ A :
| v i = B e
1 i
Nl L
5 f_ \ 1ﬁﬂitﬁf.ﬁjd g /:MT
3l I\ [N /

¥

0 2 4 6 8 t/ms

K18 Pl S RHIEFMEHIRES M55 PWM SARHRIRIIE

& 18 ~20 AT, W TR A BRI PL 42 i, vl AH Xt



- 378 - GIN H

2 832 &

f 200v/ B 500/ B 20A/ [ 500V/ 50008/ @i

. [
= Y !
S 4y [ ! o
N J | \ / \ /
Z N\'\N \ZZ |
. ) — \ ff (
< L Wi L
: [\
| PWM
T | '
: |
: |
0 10 20 30 40
t/ms
19 JRAB PL 5 v B R S
THmES PWM S5HHM R E
n(r/min) ! ! ! !

n(r + min™)

I L

L
500

B
§

H RS A5

120 FRGENIBR AR R4 3 0

AR SRM (9 AR L AL, (8 SRM ¥ 33 R 48
PR 13l S TERE

4 ZERIE

B SXof T K 1 BEL e, AL P I S 4 ) ) S, A 1F 5% 4
TR A PL Dk O BRI SEESTE B T 0 ik
OE RN

TiAh A ek S ISR s i, BARS T x4 i
(1432 B8 T B ER, DA s (] A B BB i) P4 |, Al 1
A FHE FH Y RISC ZEK A9 MCU X SRM 32 58 42 it
TS, BT LA, 78 AR SRR T XoF 3] 8 1 e A —
SEFLR I SRM NS, ARIFIT 4 10 TR T R e 1 1
FEARKIEH

AR5 AR

5% Lk ( References) :

(1]

(2]

(3]

(4]

(8]

(9]

[10]

[11]

[12]

RAFAEL S, SANTOS P J, PIRES J. An Adaptive PID Speed
Controller for an 8/6 Switched Reluctance Machine[ C]. Pow-
Energy and Electrical Drives ( POW-
ERENG) , 2013 Fourth International Conference on,2013 13-
17.

WEN Hao, PAN Zai-ping. A Novel Dead-beat Torque Con-
trol of Switched Reluctance Machines | C ].

er Engineering,

Electrical Ma-
chines and Systems (ICEMS), Beijing: 2011 International
Conference on,2011 ;20-23.

KRISHNAN R. Switched Reluctance Motor Drives-Model-
ing, Simulation, Analysis, Design and Applications[ M ].
Boca Raton; CRC Press,2001.

SAHOO S K, PANDA S K, XU Jian-xin. Indirect torque
control of switched reluctance motors using iterative learning
control [ J .
2005,20( 1) :200-208.

RLLE. TP RBEMLR LR G SEREOR[M]. Jbat.
= L H REE,2010.

SAHOO S K, PANDA S K, XU J X. Application of Spatial

IEEE Transactions on Power Electronics,

Iterative Learning Control for Direct Torque Control of
Switched Reluctance Motor Drive [ C]. Power Engineering
Society General Meeting, IEEE,2007.24-28.
T I CRE R A AL RGNS SB[ D] BT
WHT I TR BE ,2012.
FRLL. TP KRB AL R R GEWEFE [ D] RO AR
FoRA A T TR B, 2005.
LS, EUb, £ IR, B TR AR S Y R OC#E R
HALIAE R SE[)]. T A 3h1k,2013(10) :86-89.
W AR RS SRR RS M]. AU AU TR R
#t:,2006.
e, B B P OCHE R A AL AOR F 3 TR Ak 2
[J]. MLHL T ,2014,31(1) :93-96.
= . F£T Matlab/SIMULINK FFICREBH d HLARZE P
BOTEWEIE 5 28R D . ma 5 s B AU A R K% A 3
fb2BE ,2005.

[ 48 BLH ]

2y g , BUNEE. TP OCRERH FMLIR 5080 PR HIBTIE[ )], ML T/,2015,32(3) 373 - 378,
LI Hai-rui, YAN Gang-feng, Hybrid fuzzy PI speed controller for switched reluctance motor[ J . Journal of Mechanical & Electrical Engineering, 2015,32(3) .

373 -378.

(UL TAY 2435  hitp . //www. meem. com. cn



