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Abstract: A robust Backstepping control strategy is proposed for a class of uncertain nonaffine nonlinear systems. Firstly,
a global approximation method is given for uncertain nonaffine nonlinear systems, aiming to design the controller by using
affine nonlinear methods. Then, a fast convergence nonlinear differentiator is designed in order to get the differential value
of virtual signal and approximate unknown compound disturbances in the uncertain systems. Furthermove, the composite

controller structure based on the above design is proposed, in which the robust terms and nonlinear damping term can offset

the impact of the approximation errors. Finally, the simulation results show the effectiveness of the proposed method.
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ep < 8y AL AL, 20 (1) ~ (3) I Lyapunov B& 2L V i

T T T S A A7 S4B A B TR AR ST A R I
AT V6 AR5 S HE 2tk 2R G816 m] AT 1 DL RCAS SC A A
A A R

511 %€ Duffing-Holmes & 4¢

&1 = T2,
(41)
{ iy = —p1m1 — pawy — 2§ + h(xa, ).
Hrr: pp = 0.25in(10t), p2 = 0.2(1 + cos(5t)), h(wa, u)
= u® + (2 + cos(wa))u AN BT
WA [21(0), 22(0)]T = 0, 47 FLEF ] 305,
RN

u(t) = {
sin(2t), 7 <t < 30.
J 5 B MIE AL T VR A LA, R SCR [6] 1T
EATAF 0 @) 7R TAE Rl u = 0 IR B EZe bk &=
Gih

0.1sin(2t), t < T;

&1 = T2,
(42)
{ To = —p1T1 — Pala — xif + (2 4 cos(x2))u.
A A SC 5] EL T IE BT 74 (5) A (6) 75 2 5
41 S AE LM R SN
Ty = Xa,
iy = —p131 — pawy — a — 2¢°+ 43)
3¢%u + (2 + cos(x2))u,
¢ = —keC+keu, ¢(0) =0.

WK (43) P ke = 100, 4507 B 45 AL 181 3 .
HIPEI 3 TR ¢ < T, (T w A2 R AR RO,
SCHR [6] FAS S5 311K J7 V5 15 REAR 4 b S ik 2R &8
AL T2t > 7N, H T w28 B )R8 AR R, AR
S HR LR 75 VA B SR [6] RE B A HUE T R 41K AR AL

2

20 30

t/s
— PR —— SCR[61/5 7 e AN

3 CAKTSERY (8] 0 R A 2k
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RRW] T AR HE AT
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KRG

T1 = I3,
(44a)
To = @4;
i3 = co/(412 — (22 4 22))*(z1u1 + V3(2lo+
$2)U2)((2lo — Iz)ul + \/§$1UQ),
i4 = 0.5co/ (413 — (23 + 29))*((z1u1 +

V32l + 2)uz)? — ((2ly — x2)us+
V3ziu2)?) — g3

(44b)
y =[xy, z5)T. (44c)
Horp: xq F T2 ﬁ%?ﬁ‘]m?%ﬂﬁﬁﬁﬁ, T3 F T4 3}
1 IR KT A FLH T s wq T wg 2P LR, BRIV oh]
o = lo(1+ 1), lo BABRAFFRAL; co = éo(1 + 7e),
¢o = AuAN2?/3m, vy Bl r, WS ECAHE.
BB ry = 1.2%, ro= —1.2%, lo= 9.45 %
107" m, p =4t x 107" H/m, A =47t x 1074m? N =
300, m = 0.6325kg, g = 9.81 m/s%. HIUIRA N [21(0),
22(0),23(0),24(0)]T =2 x 107 m,2 x 1074m, 1.5 x
1072m/s, —2 x 1072 m/s]T. $&5l H Ar 2 y PRI
Bk yy = 1074 x [1.0,0.5] T m.
E XA E M E e, = [21,20)T, ME W Hxy =
(x5, 24]", @ = [2], 23], BHEA w = [ur, us]™. N
2 (44) T e 1™ s B S it B AN 8 AR S AR 2Rk &R
g, jl
1 = fi(z1) + g1x2 + di (), (45a)
&y = fo(z,u) + do(z, u), (45b)
Yy=x. (45¢)
H: fi(zy) = di(z) = 0; g1 = Laxo, I NHRALFE;
Fo(z, w) J 3K (44b) A MFRFRAE; do(z, w) A S A
e 5B 2 AT
EEXF X (45b), R 51BE 145 H 304 Ja) B A2 (1 477
SRS R GE. EIIERAE (6) B ke = 50, RCND
ZHME 1R, BHBCHM G Sk =
0.2, ki1 = 1, ks = 0.5, kpor = koo = 1, x = 0.001,
e=1x10"".

%1 RCND B#

v Ao A11 A20 A2 9 o
xy 2 0.7 3 0.5 0.5 0.3
T 3 0.3 5 0.8 02 03
T3 2 0.3 3 0.5 05 03
T4 2 0.3 3 0.5 05 03

G, RAAAMEE & TS &, WK 3T7)

Hidy = 0; R G RIS 27) X do A iF, 3648 (37) h
BEAT A2 £ 20 1R 017 2 2k Pl 4 M 5 BT,
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AN = KR
EO N e
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0 0.2 0.4 0.6
t/s
4 HFUEREMLZE
1.5
3 e FMETARIG 1,
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