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Hydraulic Servo System Based on Fuzzy Sliding Mode Algorithm
YANG Kun, WANG:Xian

(School of Communication and Control Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: To deal with the great interference from outside on hydraulic position servo system and its parameters’

time varying problem, a novel fuzzy sliding control algorithm is designed as the fuzzy control can soften

the buffeting and the sliding control system will not be influenced by the parameters nor the interference

from the outside. The simulation of time-varying parameters and the outside interference shows that the

fuzzy sliding mode control method has a greater resistance against internal and external interference with

time-varying parameters.

Keywords:

5 B B R 2R T BB AR 1B AR R
O 9 Bt s BITSE A G 1 AR R S
18 5 BARE > ZRHE A VHRESE 2 WL, %
BN A PR ELIR B B B RS AL B AR
HIRGE, HRGERIHIE . SRERE. R
AT AT A RS Lo SR, SRS RN R
TS REP, RS FIR R S PS40 R (R
TN EEFRT SO, ReEnr =/
HOAABR, IR DUER N £ BT HSHIEA, R
2R S SHAT R E R RS RES RS
REELL, EESBRGIRED,

B A B R B P IR S A )

O E£M B ERBARRSFEE(60574051)
WS Y [8]:2009-12-15; W Bf& 24z AS[8]:2010-02-04

108 #iFiJF4 Research and Development

fuzzy; sliding; servo; interference; parameters of time-varying

AT DUB(E RS — R IR DR IUEARSE
BAENRE .. SENZE), BEENERER, X
MBsESRU USTTH, BS5RZNSKEMsT
Fo XHE, AT BEENAAARERIFNEEE,
HEITMRIERGZTHIRENM, Rifn, BERELE
MBI N ESF S5 RGN ER. A
AR ABETEMREINTS, EER, BRME
ERBETEMRE S EMRE A AEES, BEHT
HFLEAE47%, T.L.Chern ZI5.61& 1+ 7 —FFR4>
T R RABRINBIE BT RBRIRENO#E, R
XIS T LM T EE —CHERME, ©EXKE
FINRHNAGREZ T RIER . BEAERTEES,

© HEREBGLETTT

http://www.c-s-a.org.cn



2010 &£ 5519% 55 8 H

HTENREN A

TFEET EBRENERRRES THERIANTR
T, SANMEMERBIIRNES, ’IT VI8
B =—gsgn(s)—ks , BITARBIEENSE L e, BT
TMRIEB RS ERAN RIS mET, X o DU S5
BHESEREHR, (BIXFREIF %75 E DU
SNTRTILREN TR ERNMR, AS0RIT
AR BRI S E A 0 F B 7 B S B AR UR
FIES RV NEHRIIEE 5 BRIZH 5 R RS HAISNR
FHEXNFES, BB ERNIIMNBTIHAMARSE
NEWNEES, EENATREMEERRS,

1 BEMNEEREHRSEER
THENEETERIBEREMNEZRF RFHZ
. BEERE. RESRL.
ﬁﬁZ FEAREEREFEHTERNE, RIS ERE A
S SR B AN N SRS A R EY FJIJ‘?;—ETEB],AﬁzﬁME'ﬂﬂE%
G HIHER] E’\]J‘EM?@@K?D ™
! wig

1

[
[
[
:
futtdier sy [ | N $ %,
IL

o, o

———— e —————

B LB RR S AR E

PIE X R AR R EA -
K

G(s) = ———2—— (1)
S—2+£s2 +s
a)h a)h

RF, K, BREHARE, o, HRELEGHE, ¢,
P PRI R E BN RPRES BT
T N

x=f (x)+g(x)u(t) (2)
Hi. f(x)=-2,0,5-02%, g(x)=K,.

2 EHIBERHIRNRT
| Bk A R

BRI IR NN ES L T LU R R

—EFET AR ERRSEIE MEE. SHEMN L
TiEm), BIFMER EEMRE" S BRT B, H
Wit REDT -

MEAK B RS E

—REIER, RS,
X=f(x) xeR" (3)
PR 2518 R — R
s(x) =5(x,%,,...,
(4)
E4%$E§J\5\ZLTB?§%B§J\, s>0Ks<0
AT bR — R S B A, X
T4 S BBAYHRTE 5 = 0 BHRRT, MYIRER S
BF %S NREVRE F—KERFEHEDS
E2& IS, N—BEE S8 T aKs, e &
31" B ENES, ity BAETHEE s =0 LA
HEE S BER b ARERY B K, RS
BRI S BREEEE .
RBBHESR L EH S EUTRL I 55X —
TR, YmmhSFSAYIRE s - 0 BEER, 2

x,)=0

lim;SO& 1im§20 (5)
ISR 7 S%
limss<0 (6)
RIBUASZRANEFEEE T — 0.
2
v(xl,xz,...,xn):[S(xl,xz,...,xn)] 7)

B2 R R (Lyapunov) B8, B T 7= UHAE AR
ERA(RERM, THRBRE), s HSBRNE
R, BRBIRE s - 0 BTy B NEEERM, B,
0 R 5 3 (6), Mt (PVRFR AT SR
o FoAALHRET 550
2.2 BEBHEH T
AREBER R RN, R E ARR LR
BRI IR T

WER 1 iR ENERRRAFNREFIZRER .

e=r—y (8
EXERBEEA
s=é+ce+c,e 9)

WITB R IR A
1 I
uzﬁ[ff(x)+r +ce+cye (10)
+ K (1)sgn(s)]
EP K AYH#HIE, BK(@)=0
EMEUERR . EX Lyapunov R :
v =%s2 an

0y

Research and Development ff537F% 109

© HEBREEBSAIITT

http://www.c-s-a.org.cn



2010 F 5519% 55 8 HA TENMRENAB

ss FBIER, FPA K () SR E=HA— M RHIERELL,

V=ss PUE ss mE/MIf s is PB and s is PB then
=s[é+¢é+ee] AK s PB)s %5 s TR, SEIRE  RIFA,
=s[F = +cé+c,e] (12)  BURMESEHEA— KOTEREL, s R
=s['f'—f(x)—g(x)u+cl'e'+c2e'] B/MFf s is NB and s is NB then Ak is

NB), s AIFAFs AR, X2RE s @K, A4
K(1) EFERER A —RIIERIE, DUF ss RE
BuMIf s is NB and s is NB then Ak is
P NB), F&HRXFHIE, SRR A,

BEHEHELX00RARX2), &
V =s[- K(t)sen(s)] 13)

=:

; - ko< - 2 il

NRGERE s FHREH. $ ’

2.3 N At sq ¥ NBE NM NS ZO PS PM PB
RSN 00, VMG k() BT N B Mo PR e

T EDL, RIEBEGFAE M &S SEFHE, 8= K@ PM NB NM NS ZO PS PM PB

A PS NM NS NS ZO PS PS  PM

BE2ERPHRNRER, ZIKKLlerTﬁﬁET HI2E 3T K (1) o o 70 70 20 70 70 70

WITERL, KBBRZFENRHRIIR NS PM PS PS ZO NS NS NM
KB AR EIRE, BRI H IR E R NM PBE PM PS5 70 NS NM NB

NB PB PB PM Z0 NM NB NB

TR K (1) o WIRMIZHI SR VRN R s M s , 1A
=5 A A% RIS Bl E AR HYIEMI L 8 o AR

R RO TR RS BT 3 BREMNEBERREASNHE
D XA EOHEILRF, Mo, =70, &=0.5, K,=1,
PB=IFK; PM:EEP; PS=1E/\; ZO=% FS MATLAB % Rt T 1h R AR S ETHEIAEK
NS = v\, NM =5 NB = ik RyB R B E AR R, BRAER2,
@fr&%&ﬁw BIRIE, s H§ ARG | ’
A, A AK '
s ={NB, NM, NS, ZO, PS, PM, PB} el ey TR
s ={NB, NM, NS, ZO, PS, PM, PB}
Ak ={NB, NM, NS, ZO,PS; PM, PB} -
HWEAE-3, -2y =h 0, +1, +2, +3} 04}
ER M S BIGERE EAA T RERH, ol
(T TEAR A 7B AR ) =5 AR U
RIBAERIZRO, BRGFENSE s <0, BRE B R R R A B R
HRBRER, BERISEBRE L. K@ ARIER B2 T B B B
GIEEIFUENABREENER, REAITVELUBKRN
FHEIRMm,, UL TSR T . BT RRINLBRBE N BER ARG 5 ZEISNRR T
MR 5 >0, M K@) KGR (5 gass, wRIEBHERELR,
R s <0, K@) M/ (16)

(t-5)° st
Fo200exp- 23 | BELRE 2 £, HHRE
R S)FIEL 6)/8, s Hls EEH A, RS (-5 ) =

110 #f5:FF % Research and Development

© TPEBPEBSAIFT  http:/www.c-s-a.org.cn



2010 &£ 5519% 55 8 H

HTENREN A

3% T B RS R A IR 0.5%, Tix
BT ER B REMIIEELAE 1.5%, 1S
B ARG R ER T THE D,

S TN ERRER B AR R SR TS,
BIRBH Y EESE TRREYM, &
©, =4900+2000sinQ7) | 422 s (g 3, HABELE
KPR B S R AN R RS HTUR RS, 7
RESHEEBER TRAE R4, AEHE
B ETHIARBERHRG AT ERNEE],

251

/ mERE

0 05 1 1.5 2 25 3 35 4 45 5

K3 AHSHHEEZMEREZ LK

4 #Hw

TEERENE ARRFGHFEENERM -, %
TT 7 BRI I E A IS Lyapunov RERI A
AR TiZ B R Rl B AR, 8 7 BRI
FAETAR FR TN ESNFE SRR FERHRAG
A, FEIEWATTHER DT T R kRl
BHES. ERGHENTES, RIBLEGFRAS
FISEBRIE, 937 JTﬁ?Wf*Bﬁ:F?jtﬁ?ﬁ?“ﬁi?%#‘ﬁﬁ
T, hEGERFER, %?Tﬁﬁiﬁ%ﬁ& I B AR R

kY

BERAFRAEROTINETIRES, RESEA
YR 1B SMRA RS REFRIBRER T 88

SE 3K

1 50 a, % R E,FFHILFEE AT AL T
i p& ££,2005.106 — 107.

2 | AARRAHEE M35 MATLAB A b Rd 2k
5 AL, 2005.14 — 15,

3 RS ATH FARE EMGE ab#;%] ® L p A aF
7. b7 A R4, 2005.9 - 10.

4 Zhang YX, Zhan SY. Fuzzy Inditect Adaptive Sliding
Mode Tracking- Control for a Class of Nonlinear
Interconnected System. ACTA AUTOM ATICA
SINICA, 2003, 29(5).658 — 665.

5 Chern TL. Design of integral variable structure
controller and application to electrohydraulic velocity
servosystems. IEEE Proceeding, 1991,138(5):439 —
444,

6 Chern TL, Wu YC. Integral variable structure control
approach for robot Omanipulators. IEEE Proceeding,
1993,139(2).161 — 166.

7 Chen MS, Hwang YR, Tomizuka. A state-dependent
boundary layer design for sliding mode control. IEEE
Transactions Automatic controly 2002,47(10).1677 —
1681.

8 AT R AR S AN B Tk K A,
2005.262 — 281

9 Xiang J, Su HY, Chu J. Sliding Mode Control Design
for a Class of System with Mismatched Uncertainties.
ACTA AUTOMATICA SINICA, 2005,31(5):788 —
793.

Research and Development #5337 % 111

© HEREBRA I

http://www.c-s-a.org.cn





