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Fuzzy Sliding Mode Dual Control Strategy of Permanent Magnet

Synchronous Motor Speed Regulation System

JIN Jiasheng,ZHANG Tuanshan,ZHAO Ziang, HUA Jianbing

(School of Mechanical and Electrical Engineering, Xi’an Polytechnic University,Xi’an 710613, China)

Abstract ; Aiming at the problems of low control accuracy and insufficient response sensitivity in traditional speed control

systems of permanent magnet synchronous motors, a new fuzzy sliding mode dual control strategy was proposed. The

control structure of a new motor system speed loop based on fuzzy control and sliding mode control was designed,

combining the advantages of the two control schemes to significantly improve the dynamic performance of the system. The

simulation results show that the control system has better anti-interference ability and higher accuracy, and the proposed

fuzzy sliding mode dual control strategy is effective.

Keywords : PMSM ( Permanent Magnet Synchronous Motor) ;fuzzy control ; SMC ( Sliding Mode Control) ;speed control

K 4[] 2 B AL ( permanent magnet synchronous
motor, PMSM) HA /NI 248 2003 g A AT S 1 v A7 10
o, R 7R 2 4 i AR A 3 1 A ARG
FL1 B3 5 f ( proportional integral , PL) f AR F 1k 4544
7 5, SR i g 7] 20 H MR 25 55 52 21 4% b 9 SM T
PR A2, AR GE R PL A S TGk U B ir
AT THURE IS B . DR, 2 kAT 1 R
WFFE, P2 th 1 — FR VAT S A TR 5 5 A2 ) SR o

SCHRL 4 ] FP 3R 3 A4 < il e At e 422 ] F1 PID
PR IR T A GEr i s, E R AR A ] TR 45 A
R R I 0 2 1 S T B AE T SR, H R AT ) 2
SR BERIEARSE G AP 7 2, QAR A i 0 A 22 )

I #5 H 87 :2023-03-03 ; 1& [E] H HA :2023-06-19

%",

TR S 7 R Gt i e A ok I A L A
T — A PR AN R B AL G R R AR TR
G2 By LB I 5 2B 2 RS T A ] 46 i L AR AR
RGUA LI AT RO EE 5 1 A48 [0 ik R K00 28 0 2% 55
&4 PID Fifil U5k , i J5 A Simulink oo 3 FLE TE
TR AR B A b o RO R R
et T T AT 10 B 1 AR A 2 () A RO O
BERR LT T — ol BR] P A B 7 il %

TR (sliding mode control, SMC) i F EF 1R
SR ) SRR R 2 T, B REAEAT RIS T Y DRs i 8L
(ELIE A 58 B D2 ) 450 7 A W) IO 88 AN SR B 7

EEWA : FHR A RBL G (51735010) 5 744 BUUE BEL 21 # B A SE 4 2 T BT H (20192206148YS021CG043 )
F—EEBN GFTH(1998) 5, CRURVIN W54, EBHFETT 0 LR . E-mail :1668181733@ qq. com



.72 . B THI# Light Industry Machinery

R R AR 5 AR o T AR 91 2R 48 S I I 5 1 %X
s R GEHEA TR, FA R PEATPOE P R L (R
W2t T RGN E A S BRI R #ife
LUK [R) 2 AL ) 2R 0 00 T B 3R M BT X 4R, de
P T T A A ] RSN 2 i A A5 A X A
ik Il FOR B R ROR o
1 k#ESREIIEER

H1 TR [R] A ML B A i 1 A R 22 72 B )
P, 2 S R A F LR B R — TR B AL 55
G S BUASORY T A OU T P o A A i, A
PPN 75 I = AR GR LR TR 58 A 4 PR RERE 1
SRIESZIM L R SR USSR (AR S 2R R I R

AN SR W R A2 L 9], R e DT o -

u, =Ri, +L%id ~poli, ;
(1)

uq=Riq+L%iq+pw(Lid+1Iff)o
L o THUEG R B s, u, 235000 d i g
Bl s siy, 0, 239000 d BIFD g Rl s p O HELBILAR NS
o O R s W, KRGS .

HLHLIEER
T= Vi, (2)
At T A LA 5
B SN 2 I
d
T_TL:JEO)O (3)

ATy AL B , T RS .
2 IR HRR ST
2.1 BiREHEE
X F R ARG [F) 25 L, IR R H i, =0 1Y
e S A B RENREEE «
Fl x, s
xl =Wy —wW;
‘ ,} (4)
Xy =X = —Wo
K x, flx, WRERGWRELE R, 0, WIEERKE, x|
Hox, KFBEAFE, 0o HABEE o X FHEE
FE UL s A .

2023 FEE6 HA
s=x, +cxy0 (5)
K ¢ HRFBOTH AL
TR A T 05 10 T A A T A
s = —gsgn (s) —ks, (6)

e s s KT T, e Tk BT H L,
sgn () TS5 BRI
A R -
i, = 2/ NG
3p‘I’1-J;[Cx2 +esgn (s) + ks]dr
Ab r TR A R S
D2 R PR N -

V:?So (8>

Ao V R i AR A R R AR

BEEF RGETE ALV = 55 < 0, fi 2 i KA vk
HUHI R GOIRAS e THnE e e, V R iRV 5
T
2.2 {EHATEHER

BEXT IR [7) 25 e ML A 38 2R, T H AR PT 45 i
= Y= o LTINS TS 170 N1 N1 A A
T BN JEHRANE K, I NB,NM NS, Z , PS, PM i
PB IR,

Wit BT R AR 2 & FHRZEAILF e, fEN
BarN  E RO 0t A T AR e T 2 2 2o A T AR o A
BRI FEXT AT AL, i s S50k, Rk, B2 4k
{H, 3R B SEAT AR PT S50 B i o

BRI i (1 BT A T AROBE T 44 DLy 2 B Al
F, UL R 2 e FIIR 23R e, MOIRIRI BT
H[ -6,6], 5SSk, Tk, (ASGIH Ak, F1 Ak,
PSR [ -8,8 ] BEE = MY K& B ok B0d 57
N A8 B S e R, T 1 BT R i A S B SR B
BRI, BT 2 B2y i S B SR R ek B, T S HL A
TERIFE TR, S BOEAE Ak, R Ak, BRSO
FEI AR A 1 A 2,

2.3 IEMBREHEE

el I FHROR 2 1 o 8 i 42 T b X 7K
()20 B LA T IR, R AFE — R (R IR - SR P AR
Wil 2RI RS 2, A5 B 45 SRS B  BRBICR:
VR ) D) 2 A R R 7 3 31 1 ] R




(81 - @] ERF, F XKEBED BNRDRAG AN BN ERHIRES VER
F 1 Ak, #9EHEE R AR
Table 1 Fuzzy control rules of Ak,
e(f

‘ NB NM NS Z PS PM PB

% NB PB PB PM PM PS A Z
& NM PB PM PM PS PS A NS
NS PM PM PM PS Z NS NS

A PM PS PS A NS NM NM

PS PS PS A NS NS NM NM

PM PS Z NS NM NM NM NB

‘ J , ‘ ‘ , PB 7 z NM  NM  NM  NB NB

-6 4 -2 0 2 4 6
o A2 Ak, #RAEE B
A1 AL EREE R Table 2 Fuzzy control rules of Ak;
Figure 1 ~Membership function of input variable e
e

NB NM NS VA PS PM PB

NB NB NB NM NM NS Z Z

NM NB NB NM NS NS Z Z

NS NB NM NS NS A PS PS

A NM NM NS A PS PM PM

PS NM NS A PS PS PM PB

Mo PM A A PS PS PM PB PB
% PB A VA PS PM PM PB PB

B2 vl Ay B R

Figure 2 Membership function of output variable
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Figure 3  Fuzzy sliding mode dual controller
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