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xR AsimEE, ERMERE, BRE, BHR
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np
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ARG TER R BRI 0 o KR BATERIADIRRTTR, EEM
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PEACE W AR, WIS BHR, FRRBUN R R RESRE, R ZIEEH R, RS
BT BE BTG R UBUE, MARRIETE B BOR, RA G, Bartolini O BEMERRE £
TEFE | A SR DR R, HERGR & TS RERA RO . M b
FIR LW 5 G50 R PR OGS AE T e i 2 R R SE B, TR A X TN R AR e
RYRY, BFREGEEERIOAD, REREZSKRKRED, HPHR R, R =% E
BRAAK, BRTUAKHIFER, HXSHREWREROTRERET. U H X
T AR RERSREM E R A, Br A€ R 5, AR st et
RAMBESRERGFIE. N T IEMRX R, AR T — MR Rk, S RS
EHARHRSRESUARGEEZ AEROHERR, TURBERSRERTMNARAEARS
BRI SURNF B R, R AR RN RERSFE, £R5HK
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2 —EATREFRZERFZNTEHEHE
% — LA SISO (5 E LM R4 1B

j"l = T2,
Tpn_1 : Tn, (1)
Yy = Ty,

He, REME X = (21,20, - ,20)" = (@, - 20 D) ut) BEHBA; v ERS

B, R b(X,6) HEMES, FOX 1) BAHENH R B
|f(Xat)_f*(X7t)|§F(X7t)a (2)

He, OG0 N FOGH BfEHE, B F = feeshom 548 ) BATH, BRES

SATHE At) B F, TR
[d()| < D(?). (3)

FG T ERRAE £(X, 0) RRRREIINTH ) B0 T R SRS B B i
T
EMBHER Xa= (20,0005 7) RE@ALH () RESHREE 0.0), FEF
GIRIETARE LA RO PERE. B BIEBREN ¢ = y(0) — u(1) = 21 — 20, BYTREK

n—1
S(t) = (% +)\> e=MAe1+daea+ -+ Ap_1en-1+ e€n, (4)
R er=e ea=é1=¢ es=éa=¢?, - Jen=ép1 ="V NE—EH, & HHHH
%) ﬁ’ﬁ Al) A27 )\37 e 7)\11 ?ﬁ/@gﬁg&%%%grﬁﬁ[g] An_l +Cn—lAn_2 + t +CZA+Cl
FE 1 MTFR Q) iR RS, B @) mUgwi, mEAERRAGSECY
u(t) = b~ (X, ) [ueg — k(X t)sgn(S(1))], (5)
K

n—1
Ueqg = —f*()(7 t) — Z )\ieiJrl + x&n),
i=1

K(X,t) = F(X,t) + D(t) +¢, (c>0). (6)
M B FAAE BTk,
ik 2 (4) e R S
S(t) = Mé1 4 Aaba+ -+ + Ay 1€n 1+ én
= Aieg+ Aaes+ -+ + A1 + €Ep. (7)

B Lyapunov % V = 3 S%, Nl

VZSS'ZS(/\1€2+)\263+ s 4 Apo1en + €p)
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A (1) "
2 =i, = F(X, 1) + b(X, t)u+ d(t). (9)

£ (9) LA (8) W%

v

S Z)\eHl—l—th)-i-b(X Hu+ d(t) — xfj”)

S(Z Niei1 + FOX 1)+ b(X, )b (X, 1) (ueq — (X, t)sgn(S(t)) + d(t) — x((i")>

Z Ai€it1 + [(X,8) + ueqg — k(X t)sgn(S(t)) + d(t) — :cgln))

S
S(FX 1) = f7(X, 1) — (F(X, t) + D(t) + e)sgn(S(¢)) + d(t))
S

(f(X, 1) = [1(X, 1) +d(t) — (F(X,1) + D(t) + ¢)|S5]
< SI(F(Xs 1) = f7(X, 1) +d(1) = (F(X, ) + D(t) +¢)[S]
< —¢lS].

R S AS Bk A F

AR E 1 A28 IEH Y.

3 TZBFEENRR

WA F R~ BOE R i R RS B AR WA KR sat(5) FUEX (5) HHIIFRE
B sen(S), M K (X, t) By B R IRE# 2L 7R E 8, E;?JQTU¥?%TM& {EL 7] B 2 3 o &
FRRSRE. WORER/DREBRE, BAHRUN TR SR 6, X RN RER BT 1
BHIR. TR0 R AR A H E MR/ ST I R R AR SR E R AR Sl S R R
RHISEEE, FREMHTDFZIERE, BN PHRAGE RARSRE, REER LS
R AET BRIV BT BT 2 S — A~k 5 IR 58 BE T RE A TR AR AL B AR YRR B (),

B(t) = {X(®),|S(®)] < B}, (10)

Her, B(t) R THE ¢ (R, RABFBRHEE. WFREX (1) R, TR0 M
WFRE, KRB R 5L R R LR BAG T u(t) FHIIF KRR sgn(S)

u(t) = b~ (X, ) (ueg — k(X t)sat(S(1), B(t))), (11)
K
Ueqg = — (X, 1) Z)\ €it1 +:c (12)

E(X,t) = F(X,t)+ D(t) + ¢ — 3(t), €>0. (13)
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PRRREPE KB sat(S(1), At)) Y& T

S()
sat(S(8), B(t)) = { s SO0, (14)
sen(S(1).  1S()] > B0).
st (6) MR (13) T4
k(X 1) = k(X,t) — B(t). (15)

YRGHPRESPBIE [S)| > p(t) KEE, REFFEFR T WA LS HEF, BRIEWEN
M B(t) SN R GOAR S B AR A S | E A AN A P, 6 AT S T T AR AE SR 1 P

1d

2dt
HeRET 1 AIEWI Tk, RA S IEW] RG0S | EFER M (16); 4 REHRSPLLTE
1S(t)] < B(t) XIREF, KA DFWAFFAEAE IRk, DR R LSS, Xk
AR ARG RGN PHR, REW & R AR REW IR, AROTIR T ¥ Ml ZE
B

(S2(t)) = S8 < (B(t) — )[S(®)], (eH—IEMIHE X %) (16)

4 RERTRENDH

YRGHPREPBTE [S)] < A(t) KB, KA T D FEMNZRE, ACRHTT
B, HlT RARSRESHFREEZ BIHE RIA, 5N RN R R %R
T HISRHE.

EE 2 EHMNTRENRK (1) KA RN REETER, KRGS RRETFERMN
X, MAFREFE B(t) Z THTTRL K

B(t) = —B(t) + k(Xa, 1), (17)
A

Y S@)| < B B, m (1), R (7), X (11) MR (14) £ HBF
$() = 3" Aieier — a(n) + F(X, )+ b(X, t)u + d(1)

- S(t) = Af*(X,t) +d(t),

A
Af(Xat) = f(Xat) - f*(X7t)'

B STE X = X RRFEHRBRIF, R—MEMl, HRERTEIEN o(6), H

8(0) =SS0 - Af(Xart) +d(0) + o(6) (15)
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et of¢) AAM Xo fUB X TR BN BIT b, 4 7 = L8 mmst (15) 74

Bt) = =vB(t) + k(Xa, ).

EE 3 AEMTHEEMEA (1) RATRBFZELESR, WHERANBSREDNT SR
TN em HITEO S AF RABFIRRPE S B() BT B(t) = —yB(t) + k(Xa,t) FEISE v WA
W 2
mvatLX(F(Xd, t)+ D(t))

= : (19)

>

it K (18), RAETE [SO)] < B(t) KW, —Af(Xa,t) +d(t) +o(&) TENEA, S(t)
ek B SFRGE R 1 iR, T o€ FEB I/, M (19) B2 v E— Ml
Fel, [RGAE T I # 70Hr F RT LOKE o) 28, B 1 Bt S(t) SR —Af(Xat) +d(t) Z
[6] iy 5 2 A ,

S(8) = T3 (ZAF(8) +d(s)). (20)

AR 2 B T A

S

lim S(t) = lim sS(s) = lim
t—o0 s—0 s—0 541y

(=Af(s) +d(s))

= lim ! 5 glir(l) s(—Af(s) +d(s))

s—0 8§ +

— Ll (CAF(Xa 1) + d(e)

vy t—o0

<Qywu¢o+mm

gl
TR, RENTREBEBIRE So MIZTE T RIEEN

max((F(Xa,0),1) + D(0))

. . 21
A= (4) AT %0
=l t) =1l =i 1 S
em = lim e(t) = lim se(s) = lim s G (s)
= L lim sS(s) = L lim S(t) = 1 S, 22
\n—1 51 08 (S) \n—1 tl 0 ( ) \n—17" ( )

H 2 (21) M (22) ATRAHE S

%%X(F(Xd,t) + D(t))

>
v )\nflem
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—Af(Xa, 1) + d(Xa, 1) + o(£) S(t)
jr— >

N~

B 1 Yk SR80 HE R

10 ewm

B2 REFEHE

=0, 05 oo e e R e 1

-0.10

B3 RARSIRE
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5 {ARXxA
FRIMTEXRERS
{ 2 z Jli2(71 + 0.25sint)z? + u + sin(2t), (23)
Yy =.
i (23) ATHI:

d(t) =sin(2t), f*(X,t) = -z}, Af(X,t)=—-0.25z7sint,
b(X,t)=1, F(X,t)=025z2 D(t)=1.
BESHH N {ETH
yr = Xg =sin(2t); A =2,

038 LT e T
S(t) = 2e1(t) + ea(t) = 2e(t) + (1),
Hete(t) =e1(t) =21 — 2g =y — yr, RABERMIBEERNT em = 0.1 RLHRAHFIHIES
MATLAB/SIMULINK #:47 T (5 &, 5 Z Bt 21(0), 22(0), 3(0) I & 4+ BIHL 5, -0.45, 0.2 1 0.2,
VHAALRBERT RN Tms. WA 30 R R R0 BT
(1) RIBER 3 5

n@xuwxmt)+1)@»::025$n%2o-+1::L2a

1.25
2x0.1

v > =6.25, Bly="1.

(2) dr = (11) 7 A 52 7 ) SR g
u(t) = a3 — 2 — 4sin(2t) + 4cos(2t) — k(X t)sat(s(t), 3(t)),
A
E(X,t) = 0.252% + 1.2 — B(t).
HEH 2 W ERRBRIEE (1) WARITRA
B(t) = —76(t) + 0.25sin?(2t) + 1.2.
HAFEAERmE 2, B 3 fra. WEHTLUE R BRI B HI 55, JFHRSRERE
BT WSROI EK.

6 4% iF

SRR — R LA SISO 5T AR RS, i T — P A F R, AT RSHME
H AL BSREG AR ZREEZ FEERR, RIEXFOE R B B 7R RS
LB AR, RV LR SRR ZITEA B T 50 R R ika s, R
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Rk T RABIRMBESREZ BTG, BRAEHSREHER, NEHERLREREN i
tr, ERGIAG REFEERCR.
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CHATTERING REDUCTION USING VARIABLE BOUNDARY

LAYER SOLUTION IN A CLASS OF NONLINEAR VARIABLE
STRUCTURE SYSTEMS

LI Junhong LI Lanjun YANG Wuyjiao
(Faculty of FElectrical Engineering, Nanhua University, Hengyang 421001)

Abstract A new method, variable boundary layer solution, is proposed in this paper
for a class of nonlinear variable structure systems to restrain the chattering. The mathemat-
ical relationship between the static errors and the width of saturating property is presented.
The saturating property with time-varying boundary layer width can be designed through the
specification of the static errors, which can not only reduce the chattering in the system but
also simultaneously satisfy the specification of the static errors. The simulation results show
the validity of the method.

Key words Variable structure control, nonlinear systems, boundary layer, chattering.



