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Fuzzy sliding mode controller for servo tracking control

in precision machine tools
XIE Xu-hui, DAI Yi-fan, LI Sheng-yi
(School of Mechantronics Engineering and Automation, National University of Defense Technology, Hunan Changsha 410073, China)
Abstract: Detail research was given to servo tracking controller design that utilized the sliding mode control theory in order
to achieve robust tracking performance in precision machine tools subject to parameter variations and external disturbance. A
type of fuzzy sliding mode controller was presented by incorporating the fuzzy logic with the sliding mode control to alleviate the
chattering of the sliding mode controller. Experimental results showed that this fuzzy sliding mode controller had more robustness

and better tracking performance than the sliding mode controller and PID.
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2 BENKARLS ARG NFRBEIE
£ 1% 43 #7 (Dynamic model of feed system in
precision machine tool and its nonlinear char-
acteristic analysis)
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21 BENKABRHELREND N FENLER
(Dynamic model of feed system in precision ma-
chine tool)

FEVUR R R A RE R 30 R B AR
IRER 3 7R G5 9 3h 7 RS HILER VL A% sh Pl 9 3h
NEEERRSAER. N T RAERARES R4
me . XaSGh—ZENB ¥R %, K ¥
RERYAT LR e L Y B X (5] 8% ) o, P-4 7 BR AT AL
HEEH TR g R g E ()
B R DLRVLEAS st — D Se B RHLR
HHF R, CRZNIN A RIS L E fET
R SR stick/slip EESE 1 VI MIBL N (33 TR &
MIMmE, — M B AT MM Zh &
A 1(b).
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Fig. | Dynamic model of feed system in precision machine tool
2.2 EEYKFAR L R 5 3E L% 5 #7 (Nonlinear
characteristic analysis)

B 2 e M ALK BRI AR BESS R 4L X B3
SHEHITMRNE R AR RERE S VLR
MRt 45 RGN 1 BB BT, T R AR
BEEE BT P AR AT RN FBREHIAS R

1) fAIARZES RG22 AT RS ShAFE LRI B ;

2) ZEVLAE BhAILHA Y SR Rl AR F1 22 4T Bl 3
it , #F1E stribeck BEHE(S);

3) PLERZ AT 15 3L 5 1) AR e 1L 18] ) 388 1
BHMAFRGFE-BAEE#ERARZT ABH
DL BE SR ) 45 RAEK stribeck BESRIZZ) .
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Fig. 2 Velocity characteristic of feed system in open loop
3 BRI B8R84 (Design of fuzzy slid-
ing mode controller)
31 HENKARESREBEZESN RS
{ Description of sliding mode control for feed system)
RAEBLL B0, BBV R ES REMRE

#/E /mV

AURA—BmARBGHEN » HEXHEERESRH
by}
{x,-(k+l)= Tx; 1 (k)+x,(k) (i =1,2,-,n-1),
x(k +1) = Tf(x(k)) + To(x(k))u(k) + x,(k).
(D
H
x7 = [x(k)  x(k) %, (k)]
HERGHREZEER, u(k) HEZEWBA, TR
ERSARERR, BN y = 2 (k).
FARBEER BB EREFESHETL.
SMBILBI FE AT EEA G THRE RERIFHERRA
u(k) R RGEHRE 7 RERGEHHBRE

xy = [ag(k)  xpn(k) % (k)],
FREHREIRE
el = 2" —ah = [e)(k) ex(k) e.(k)]

W TE EHK, AT LRE RGN BR, LA
AGHNREBREREEARGEHREZRIZREE R
GEHHRN
{e,-(k+l) =Te: . (k) +e(k) (i=1,2,--,n-1),
e (k+1)=Tf(e(k))+To(e(k))u(k)+e, (k).
(2)

BRI A A B B R I HAS Y ik
PR s(k) = CTe , P CT = (¢, ¢, 5056 > 0.
s(k) = O REMREZ R EIHR 2 KB, B4
ZRIEAARMEHEN. YRENRES BT
DI s(k) = 0 KRS , # R G R B il
A u(k) ERGERRSEE T HHRM I, REH
REE BRI ME s(k) = OFFREEXMEA
Wl B w(k) AAESER HELMT:

u*, s(k) >0,
ulk) = {u“, s(k) < 0.
A ut 2 uss(k) = 0 RSB,

FRAE LA L4, BT LAE K8 25 HLPK (4 ) R B BR
EHIEE ] LLE N TRFFFEERSORER
s(k) = 0 B[R]

RE EREH BiR, BB AR NE P
RABEERBRERBA w(k) FREHREBRER
ekt s(k) - As(k) < 0. BDWER .

sCK) - Bs(R) = TCY cesna (k) - fle(k)) -

b(e(k))u(k))s(k) <0. (3)
EELE R RSO R A AR B ELE S
BEtE, B EEEERH RSN s(k) - vs(k)
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R Lyapunov 55 ¥k, A CE X M T B #
Lyapunov BR%Y :

VIs(B)] = 553(k) > 0, s(k) 0. (4)
R B # Lyapunov BRI AV ESLH
AV[s(k)] = VIs(k + D] = V[s(k)] =
s(E)As(k) + %As(k)z.
He
As(k) = sCk +1) — s(k). (5

f Lyapunov 32 FIHE AT AR B M T 4588
BRI RS AEW & Lyapunov B84, Bl . AV[s(k)]
< 0M s(k) = O HRERERANAET . BHER
SHAERRESNBBEREHBERTERTRA
REE R EAR, BEH ARG IR E IR .

3.2 B B B8 3T (Design of fuzzy sliding
mode controller)

ETFUEST, EBRENTEEN (k) A
b(e(k)) > O ALMIRTIRT , A SCRI LA E W 375 1
MTHELEIL:

1) As(k) T(Zce,+,(k) - fle(k)) -

b(e(k))u(k)) FE u(k) H‘Jﬁi/l\ﬂﬁigj( RZIER;

2) ARG ATLLEH ,# s(k) > 0,3 K u(k)
BHE s(k) - As(k) B RZ, % s(k) < 0,3K
u(k) Bl s(k) - As(k) HEK.

H LRGBS G Lyapunov B2 B PEHAIHE, A SR
T —EEMZHEANEEREEIESEN R,
BREHAE s (k) M As (k) BN, BT B HEER K
BEEERNERE (k). BHRAEHNEHIER
e 3 B,

BB HIEEHE s (k) ,As(k) T uw(k) 23317 —
LA TR N . S,AS, U, A —1L BB 518
Ks, Kps MKy, S5ibRIBH 7RSI B 7 MR
F4.NB,NM,NS,ZE,PS,PM,PB. A T i A& I8,
BERIRE RS R FE E KRR A=A
o RBERR, HiEHmuRnE 1 R,

A1 BHBEREHNARN A
Control rule table for fuzzy sliding
mode controller

Table 1

AS
Z0
NB
NM
NS
7E
PS
PM
PB

¥ S,AS7E[ - 1,1] A—{LEA RS 11 415
%, 2 EMEERRE 2 IR ER AR E,
EBBEEN RGBT s = CTe,MAs(k) = s(k+
1) - s(k) HE s(k) 1 As (k) FH I ABIR
EHRZERABR U, 25% U HTIER{LLER
ERBIGEMNRNBALS u(k).

BHE U

NS
NB
NB
NM
NS
ZE
PS
PM

S33DNGEE

NZ228&%&|5
INZ235%5|2
T3IINZEF
IZIIINZ|2T
FZs3SRHS

k2 BEEEd LRk
Table 2 Control table of fuzzy sliding mode controller

AS
EHEBU
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 02 04 0.6 08 1.0
-1.0 -1.0 -1.0 -1.0 -1.0 -0.9 -0.8 -0.7 -0.6 -0.4 -0.2 0.0
-0.8 -1.0 -1.0 -1.0 -0.9 -0.8 -0.7 -0.6 -0.4 -0.2 0.0 0.2
-0.6 -1.0 -1.0 -0.9 -0.8 -0.7 -0.6 -0.4 -02 0.0 0.2 0.4
-0.4 -1.0 -0.9 -0.8 -0.7 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
-0.2 -0.9 -0.8 -0.7 -0.6 -0.4 -0.2 0.0 0.2 04 06 0.7
s 00 -08 -0.7 -0.6 -0.4 -0.2 00 02 04 06 07 0.8
0.2 -0.7 -0.6 -0.4 -0.2 00 02 04 06 07 038 09
6.4 -06 -0.4 -0.2 00 02 04 06 07 08 09 1.0
06 -04 -02 00 0.2 04 06 07 08 09 1.0 1.0
0.8 -02 0.0 02 04 06 07 08 09 1.0 1.0 1.0
1.0 00 02 04 06 07 08 09 1.0 1.0 1.0 1.0
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Fig. 3 Fuzzy sliding mode control scheme for feed system

in precision machine tool

1

3.3 EHEEE SR8 9 47 (Robust analysis of
fuzzy sliding mode controller)
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Fig. 4 Phase trajectory of fuzzy sliding mode controller

3.4 BRI SRR RER R $ 05 B (Tracking con-
trol simulation of fuzzy slide mode controller)
ROTEARAE SN %, = 0 sin (2 m)sm, R
R HIRAERIRRR 1 ms. RETRILIRES RANE 5 Fis.
BE 5 ATLLE &, X TR EIURFEIRAES R%E
&, SMC T REFEIELEM: BB stick/
slip PEHEIE R ML RO R TS, 15 0 85 R BB A 0 R
B b7 A B R G 4503 3 BRI AT . B L 7E TE 3%
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Fig. 5 Control result of tracking control simulation for fuzzy sliding mode controller


http://www.cqvip.com

% 639

TR NBE 4 - TSR IR AR e e 2R e (IR BR B e U B 5 917

4 Z %L (System experiment)

SLH RGN 6 Frn i B AT R BB F L
R, VR EFER TN TERENIEROCETS &
HURER 2 5t = HITE YL (PCS86) . & T 715
SALEE ADSP2181 Wiz ZhE RIS LA B ZHEN
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Fig. 6 Precision machine tool scheme
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Fig. 7 Tracking error for precision machine tool
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Fig. 8 Contour error for circular motion

5 #i(Conclusion)
1) BRI RS M RS AW E LR
o A BE N BERE EE;

2) WFESCIR AR IE S LR s R LAE
BZEHSITUARNNERANEHRERE, ®
FEVLREZ B BRAE B

3) RAENZEAEEE R ELNE SR
WHEBEEMEEE RS EA RERITEE . B TE
b Bk Ty =
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