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Finite time stable chattering-free reaching law design with bounded input
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Abstract: Some drawbacks of the latest reaching laws are proposed as follows: the second term of the fal function
reaching law is slower and unnecessary compared with the first term; the multi-power terms reaching law is chattering and
slower than the sole power term reaching law under bounded input restriction, no matter how parameters are selected, nor
how the initial conditions are given. Then, a variable power reaching law is proposed aiming at three goals: chattering
free, reaching at sliding mode in finite time, and speeding up convergence. The analytical expression of convergence time
and its upper bound are derived, and the sufficient conditions are given. Simulation results show the superiority of the
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proposed reaching law.
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BG0) = G(so) = 05 A Fg(s) > 0,Vs €
(0,80). 5 B TAERL E M so < 1, B AFLE 2
QD KISHB, X H (0, s0) AT R £UAb, AR
AR A T R T SR [10] AR f5(s).

Mso > LI WAL KA

2(kg—k3)+k3 B
®
Smax — k= klso 4 + k’QSO.

FEIX[H s € [1, 50] 9 £(5) = Smax. B f3(s) < f3(s0) =
f(s0) = f(s) BOL ZEERH—MERZ f3(1) <
FQ1), 55 sg = LB EOL. R Eidsy < 1
I AE B AT, E X A s € (0,1) WA — A
f3(s) < f(s).

Jy 4, B SCHR [10] f0 2518 AT 0, BURR GBI TR
R I f3(s) I — R BT LA SCHE
0P EPURE SRR IOV ¢ Sy I ST EL M G =hline

H R sg > 1ikfE sy < LVE | f(s)| > ks”.
H 51 3 AN S e oL, O

E4 TR A AT A R IR A
JRAN R, A SCHE H B B I A AT DA TN
52 B2 AT HA R A (A1 RS A AR T 1A T

S EAFENZIRIIL R, K BT

f(s) = —kls[*sgn(s),

k>m¢_{@|ﬂ<n
sl Is] > 1.
S A A TE . WA DL B A St
AR A BT I A, T L A [ I TR S . BR
TR, A R TR,

E6 5o M Sax AR CHZRAF, M B2 Al ik 2
B, o B g B S0 AT, B8N, R R A AL S
e, AT I, 36 E T 50/ s

f2(s) = —0.3|s|**sgn(s) — 0.3|s]°*sgn(s)—

107?|s|"sgn(s) — 8.013 5s,

max{L5, |s|}, |s| > 1;
o {min{O.l, 15|}, |s] < 1.
FEF STHR [10] 35 B P Terminal #6545 H &L 1A
fa(s) = =1.2f(s)sgn(s) — 3.7179|s|* sgn(s),

~ st s> 1;
f(s) = 4

= arctans, s < 1.
XU X I 14 Oy
fa(s) = —1.2|s|*sgn(s) — 3.7179|s|*'sgn(s).
PR R IO Oy
f5(5) = —9s — 7.943 3|5|"'sgn(s).

PS5 45 R B 4 . BB ARARER [0, s0] IX
(8] P9 A2 — R S AR AR 6 M T FR1E 1% rIAL &R

.

100 )

2z 80 Ji(s)

& 60f

2

:J::) 40} fs(s‘)

S > 1i(s)

= 20f )
O 1

0 2 4 6 8 10
4 MNFIRT OMISAERER

B 4T R A i R E SN TS T
Sma, 19 A HIN 32 IRIX — 29 3 2) A SO i A i
HEAE (10719, 10) AR s AR T 2 H kG A,
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TAEREA (0, 10) X J8] AT R s BT HoAth 4 Fhkaiz e,
KEEHE IR R —803) A i e —
RALESE, & EHRI 4 f:(s) (0 = 2,3,4,5)5H
|s|*sgn(s), a > 1, ZWHEFEE s T 5 sl s
JEIIRE /IS, AT 3 PG TE B N 52 BR D BR PE RE U R B

BHE2 RS TP R LK —F5T %,
BAE KRG D L. Buck A2 28 . 3125 1] K AT 2345
XGRS — P, B B R AN N M AR R
4t:

{o’sl = fil) + g1 (2)as, .

g = fa(x) + g2(@)u + d(t).
He: fi(z) = zim9, g1(z) = 1+ 23, folx) = 21 +
235, ga(x) = L NOHREL, d(t) = 1.5c0s 0.5t N FR
G2 BN R I T, WL
s=id1+x =21 + (21 + 14 2320,
=1 + (2 + 2018 )20 + (21 + 1+ 23)dy =
(14 20 4 22120) @1 + (z1 + 1+ 23)dy =
(14 2o 4+ 22125) (z120 4+ (1 + 23)0)+
(21 + 14+ 22)(z1 + 25 ° +u+d(t)).
BT S I 25
u=—x; — 23+ (2, +1+23) " x

(7(1 + 9 + 2%1%2))X

(122 + (1 +af)z2) + fr(s)),

Hr f(s) M@ B A2 R E & KHERN
Umax = |u(x0)] = 30, MIEIRE N2, = 1,20 = 2,
M sy = 7, 8max = 40.7574. LN sppax > (21 + 1 +
22)|d(t)], t = 0, T ATE IS A f 28 VE R, o] ALR
WEIE RS BIE 26 s < 0,5 # O%AL, AR TH M &
GUIRASUCSL. P iy 2 s 51 TR & e v, B 241X
0.1, FARENIEE LI A GEAE fi(50) = Smax P EAHIE
6 Fi A AT A 1 R 4. A ) H P65 & Bk
AT BE I TEVI A UK B B K VA, RIS A7
“NE” HEIERE ). BT PTE BT RS AR
Pz 55 A HAS 20, W ORIE T A IE2 W L. 2
FRBRAT BOE PR, WA o] DUE I IR R IX 6 Fh
B AR — MO “ B BB R
PRI, T XA EE A A = . £ (s) 3 A BN
0.1, |s] < 1;

f(s) = —40.757 4]s|¥sgn(s), ¢ =
0, |s| = 1.

—33.550 3|s|%tsign(s), |s| > 0.5;
fi(s) =

S

fa(s) = —|s|" "sgn(s) — 10|s|**sgn(s)—
107°|s|"sgn(s) — 1.853 6s,
) max{1.5,|s[}, |s| = 1;
T {min{O.l, s}, |s] < 1.
f3(s) = —2f(s)sgn(s) — 3.059 6|s|*sgn(s),
_ {51'5, s> 1;
f(s) = 4

—arctans, s < 1.
s

fa(s) = —|s|"sgn(s) — 0.347 4|s|* 'sgn(s).
f5(s) = =55 — 4.739 3|s5|"'sgn(s).
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BRI IR 7. R 16 i AR 42 11 P 7 A 1 6 4 A
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