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Chattering Free Method Using Fixed Boundary in VSS

Li Tao Feng Yong, An Chengquan
(Tsinghua University) ( Harbin Institute of Technology)

Abstract A new method of chatting reduction in VSS is presented. The mathematical relationship
between the steadystate errors and the time varying coefficients of softening method is derived.
Different from the traditional trial and error method, the varying coefficient with fixed boundary can be
designed through the given steady state errors, which can not only reduce the chattering in control
signal but also simultaneously satisfy the specification of the steady state errors. The simulation results
show the validity of the method-
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xo= 0Qx,0) + (bo(x,1) + (1) P= (R - Rir)/2
Plx,t))u+ d(t) d= (dun — duin) /2
,x=[x1x2 x4 R (4),
, U , y(t) = x1,bo(x,t)
, d(1) ; U= Ut U (5)
doin < d (1) < dua wa= (v - OC= d)(bo+ PN
6= (66 6], P=- [R¥ @ v
dx.n) = [G0x.0) Gx.0 - Glxnl’ b= Pxan) + 1+ gc’i(xd,nl— xe1) (6)
N(x,t) = [M(x,t) T(x,1) r)(x,t)]T =

ei q) °
e,min Se Sei,max, i = 1, 2, ,m
(p,min = (pS (p.max, L = 1, 2, s l

G(x,t)  M(x,1)
) X
Ao + max|(ﬁn(x,t)| S|b0(x,t)|
xdi= xdivr1, 1= 1,2, ,n- 1 5
wdon= P(xd,t) + r(1) (2
, P(xa,1) JXd= [xaaxd2  xda]’
ya(1)
= xd.1 e(t) = y(t) -
ya(t), r(t)
y (1) ya(t)
3 ARSHFEH R R AL
TR IR P~ 7 V%
3.1
S(t) = ZCi(xd.i— xi)
=1, i= 1,2, .,n (3)
Sé< 0 (4)

A A A

694 692
9: (emin + enax) /2
(p: (%in + %ax) /2

w= k(x,t)mat( S(t),0(t), P

k) = (BTutulA: d+ € (7

mat(S (1), o(1) , B = {O(x’t) i(q_t?l’ [s@] =@
sgn(S(1). |S(n)] > ®
(9)
.B= 18 @' [T M,
1 (1
(5. |s@w|> @
Séso
2 (1)

(5), s =@
S(t) = - Y(bo+ PNS(t) + Gu (9)
0 6)Ct (P = P)luu+ (d- d)
(10)

ERA |S(y| =P . (3)

(9
S(1) = (8 - 8)Tr (P = D)y +

(d=d) = (b+ PMh(x,0)o(x 1) —(—1



% 15% % 6 # F k% R A RN R B R G IRET IR Tk 647
Yp ess
oxt) = e o
S| = %) i .
9 () el T s
ZCIS + s
[s@]> @ L limsS(s) = 5.
cl1 s=0 Cl
|so] =@
(9) Se«= limS(1) = cies (16)
3.2 (14)  (16) Y (
|S(n] =@ )
G . (15
o(x,1) x(t) = xa(t)
o(Q.
S(t) == Y(bo+ PNS(t) + Gm(xa,t) + o(T
3 (1 o(GQ xa(t) x(1)
(5). () )
o(x,t) Y max| ¢+ Plue+ d]
rrvlax[gr'c+ Py, + d] Y= 4 y (17)
Y= Ao (12) oC! ess
e (3).(13)  (16), 2
| ) Gay 5
SO Tymyentr () . - 2. Ga(xn=
S (0 - 0T+ (V- P)luea+ (d- d)
limS(#) = limsS(s) =
limS (1) = limsS ) , .
}ijor}:s+ Y bo + (ﬁrl)GAp(s) - o
Y(bo +1 Pn) limGs G fetro( ) 1 5@ |—— et
M St e ) v ;00,«?" >
limS (1) =< m@%[c@u,z)] = ,
rrvlg)t([ GIC+ Py + d]
oy s 4 I
r@lg){([grc+ Pyeq + d] 1= x2,02= — (1
Se="" 2Y (14) + |sin(t)| )x2005(3x) +u , b=
(3) .S (1) - 1.5,0= 1,Qx,1) = le cos(3x)| , bo(x,t) = 1,
e( 1) PN= 0, d(1) = 0 S(1) =
(3) e(t) + e(t), es= 0.1
P ~ 1 S s Gop(xa,t) , N A= 1,
() = v‘p+ (s) (15) 3 Y= 12 Re) = - YPr)



648 & il 5

* 2000 £

u(t)

e(t)

t/s

+ k(xa,t) ®t)

:|: »
én 5

1

Asada H, Slotine J J] E. Robot analysis and control.
John Wiley & Sons, Inc, 1986

Slotine J J E. Applied nonlinear control. Prentice-Hall,
1991

Xu Jian—Xin, Lee T ongHeng, Wang Mao et al- Design
of variable structure controllers with continuous
switching control. Int J Contr, 1996, 65(3): 409 431
Bontolini G. An improved, chattering free, VSC scheme

for uncertain dynamical system. IEEE T rans on Autom
Contr, 1996, 41(8): 241 246

Pushkin Kachroo, Masayoshi Tomizuka. Chattering
reduction and error convergence in the sliding-mode

control of a class of nonlinear systems. IEEE T rans on

Autom Contr, 1996, 41(7): 1063 1068

,1974 1998

,1962 1991

,1974 1997



