.25 3204 3 )
Applied Mathematics and Mechanics

: 1000_0887(2004) 03_0239_08

BER| BRTR, BRUE

(1. i 300072;
2. . )
(&A% T T Aok A9)
C_L s . s
; ; ; CL
0332; 0231 : A
»=f(x), (1)
x f(x) n , 7 ) . x= u(t) (1)
T . F(x,t, € x t T ,Krylov  Bogoliubov!"
»=f(x)+ &(x,1, 8 (2)
T , € . ,

) ) . Lang-
ford! , IS cr
. Mathieu s . LS

CL , .
1 ) C_L , M athieu ,
ai, b Cl * 2 , D
* ¢ 2002_11.29; :2003_1120
(19990510);
(1G1998020316) ; ( D09901, D0200201)
(1963—), . .Tel: 86.311_7813895( h) , 13930185695 ; E_mail: js-

liang@ eyou. com)*

239



240

. 3 s .
1 CL M athieu
[2] . Mathieu , .
M athieu
x+ & h(x, W 8)J+ (1+ Wa+ fx, 23 W)+
2€cos2ifx + g(x,x2 W, €]+ w(x,x = 0, (3)
B s h;f g xa-X> ,M)(.’X),x? ° w(xa
= 0,6 Z0,e Z0 s M
G= (V+ i8z+ &+ €™, w)+ (&', S+ f+ 2€cos2t) = O (4)
[5]
Ri= (H+ ¥7)%+ a+ B = 0, (3)
a= 8- & B= (Y1 ail)(b1&= c1€)(1+ 0(r)) . ai, b, c1
1 5 1,
al = E(fxxx"’fxx/x/) - apm(fn"'fr’x/) - ?f}\‘zx/a (6)
bl = - [%(hxxx’ + hx/x/x/)_ %hxx/(fxx'{'fx/x/)"'
l,> 1,.,,, 2.2,
Efxx-f' Efxifxx - 9fx2xi| , (7)

1 1
Ccl1= E(gxxx + gx/x/)c/) - ngx(%x)c + fx/x/) +
L, oy, L S, .,
ggxx ("7f)cx+fx)c ) + 1 xxx + ld(xxx -

Gl 2+ 2R (8)

(6)~ (8) (0) :
1 (3) * B
Hi * Hi a
=- B4 . aB
* Bogoliubov!®

Nayfeh'”
Mathieu Duffing , 1
3 4 ,
« CL .
C_L : 1
1) ; ;
2) ; ;

3) ; @



241

?

)
2

wash out filter

[13]

, CL
[8~13]
[10]
[e],

wash out_filter,



242

2.3
3 . w(x, x5 =0, (3)
€= 0, (3) , Duffing , van der Pol R
Duffing_van der Pol , w(x, 2= 0, €FZ0, (3) Mathieu , Duffing
, van der Pol .
1 , C_L (3) w(x,x3=0 ( 1
)e 1 , (3) 4
. 4 2> ?
(au, Ba), 2 (@ By), (a B),
w- w= a B-B= B, (9)
A= - o, B= B- Be (10)
,a B 6 €a, b1 c1,5 (10) ,
, , (10) :
ai, by e f.& h (6) ~ (8) :
a1, by cl f.g h , ,  w(x,xd .
2.3.1 [ dog s hodihl
fg . f=f(nx3), g= g(x.a3)r a,bier f g
3, xxx, o3 ax, x%> , u= u(x,x2K)
3, (K ; ) ;
u= u(x,x3K) x> . f c g
C] *
2.3.2  XF h 36404 4]
h x> ,h= h(x, x>, ai, bi,c1 ,h 3, x> axE >
u= u(x,23K) 3, x> * h
bi .
2.3.3 =LA
Mathieu s 2 . a, B 2
s Mathieu , a, B 2 - ,
a= &- €< 0,
B= —2—(0F- 1€)> 2" a> o (1)
(6) , @l B . f B
. b1, c1 B , B . ,
(11) K-
, o B 3 , ai ,



243

3
Mathieu
x+ 8> h)+ (1+ Wa+ f+ 2€oi(x+ g) = O, (12)
§=0.173, H= 1.164, €= 0.228, g = O
3.1 3 2
f= 0.25%-0.92 h=0 |, (12) a=- 0.022055, B=
0.012 799 293 97 3 . 2, B ,
f . u= K& u= Ko,
1 : 2 .
1 3 2
f K a B
u= K> 0.25 - 0.2055 0.468 154612 1
u= Kxx® 2.5 - 0.22055 0.529 648 453 1
0.00}

0.0H

010} L-0.10 0.10
0.0 04 08 1.2 1.6 0.15% _g.15 —0.05 0.00 0.05 0.15#
(a (b) w = K? (o = Ko?
2 3
2 4 2
K a B
h w= K3 ~15.0 ~0.220 5 0. 346 152
u= Kt - 40.0 ~0.22055 0.306 246 666
o w = K -25.0 - 0.2205 0. 333 564
w= K3 ~10.0 ~0.220 55 0,402 87599 8
S.ll
0.4
0.2
/ - —» _015  -0.050.00005 @ 015"
0.0 0.2 0.4 0.6 ' . .
(a) 4 (b) up= K&



244

S S4
0.07% 54 0.05;
0.06 0.06
0.05 0.05 0.04
.04 0.03
0.03 0.024
0.02
0.01 0.01
~0.10 0.10 | -0.10 010 },, _/-010 010 \
015 _0050.00 005 0. 554-0.15  —0.050.00 005 0.15° -0.15 -0.05 0.00 005 0. 15#
(c) ug = K > (d) u, = Kuo? (e) ug = Ki®
3 4
3.2 4 2
f=2 5x3,h= 0o , (12) a=- 0.02205, B=- 0.012 996
4 2, B . ,
g, h 2 2¢
3 .
3 5 2
K a B
h
u = Kx2x> -100.0 - 0.22055 0. 425 962 666 6
g u= K> -50.0 - 0.22055 0.320 976
w= Kx? -20.0 - 0.22055 0.459 6
7Y 5,
0'5/ 0.08]
0.3 .03
0ol
0.1 —0.10 0,10 N
—0.15 —0.05 0.00 0.05 015 #
00 0z 04 06 0B K
(a) 5 (b) up = Ka*»>
SA
0.04
003
0,02
0ol
-0.10 0.10 N
. o -0.15 005 0.00 0.05 015 #
-15 -0.05 0.00 0.05 0152
2 3
( C) Ug = Ko ( d) Ug = Kx
4 5
3.3 5 2



245

f= 2.5 h= 153 | (12) a=- 0.02205, B=- 0.372 144
5 - 2 . 3
CL IS .

(9]

[10]

[11]

[12]

, x> ( )

[ |

Krylov N, Bogoliubov N. Les methods de la mecarique nonlinear[ J]. Monographie. Chaire de la Phys

and Math of Academic Science. U K, 1934, 8: 44 —51.

CHEN Yu shu, Langford W F. The subharmonic bifurcation solution of nonlinear Mathied s equation
and Euler dynamically bucking problem| J]. Acta Mech Sinica, 1988, 20(4): 522 —532.

Yu P, Huseyin K. Parametrically exited nonlinear systems: a comparison of certain methods[ J]. Int J

Non _Linear Mechanics, 1998, 33(6):967—978.

Chow SY, Hale J K. Methods of Bifurcation Theory [M].New York Springer, 1982.

Golubisky M, Schaeffer D G. Singularities and Groups in Bifurcan’ on Theory (Vol. 1) [ M]. New
York: Springer, 1985.

Bogoliubov N, Mitropolsky Y A. Asymptotic Methods in the Theory of Nonlinear Oscillations [ M].

New York Gordon & Breach, 1961.

Nayfeh A H, Mook D T. Nonlinear Osci Uations [ M]. New York: Wiley, 1979.

Abed E H, Wang H O, Chen R C. Stabilization of period doubling bifurcation and implications for con-
trol of chaos[J]. Physica D, 1994,70(1): 154—164.

Wang H O, Abed E H. Bifurcation control of a chaotic system[J]. Autom atica, 1995, 31(9): 1213—
1226.

Kang W. Bifurcation and normal form of nonlinear control systems— Parts [ and II [J]. STAM ]

Contr Optim , 1998.36(1): 193—232.

Chen G, Dong X. From Chaos to Order: Methodologies, Perspectives and Applications [M]. Singa
pore: World Scientific Pub Co, 1998.

Abed E H. Bifurcation_theoretic issues in the control of voltage collapse[ A] . In: Chow J H, Kokotovic
P V, Thomas R J Eds. Proc IMA Workshop on Systems and Control Theory for Power Sys[ C]. New
York: Springer, 1995, 1 —21.



246

[ 13]

[14]

(15]

[16]

[17]

(18]

[19]

[20]

Chen G, Lu J, Yap K C. Controlling Hopf bifurcation[A]. In: Ueta T, Chen G Eds. Proc Int Symp Circ
Sys[C]. 3. USA: Monterey, C A, 1998, 693—642.

Basso M, Evangelisti A, Genesio R, et al. On bifurcation control in time delay feedback systems[J] .
Int J Bifur Chaos, 1998, 8(4):713—721.

Chen G. Contrdling Chaos and Bifurcation in Engineering Systems [ M]. Boca Raton, FL: CRC
Press, 1999.

Chen G, Moiola J L, Wang H O. Bifurcation control: theories, methods and applications[ J]. Int J Bi-
fur Chaos, 2000, 10(3): 511 —548.

CHEN Yu shu, Leung Andrew Y T. Bifurcation and Chaos in Engineering [ M] . London: Springer,
1998.
s R , . 1:2 [J].
,2001,22(8):817—824.

LI Xin_ye, CHEN Yu shu, WU Zhi giang, et al. Bifurcation of nonlinear normal modes of M DOF sys-
tems with internal resonance[ J]. Acta Mechanica Sinica , 2002, 34(3): 104 —407.

Sundararajan P, Noah S. Dynamics of forced nonlinear systems using shooting arc length continuation
method[ J]. ASME J Vib Acoustics , 1995, 119(1): 9 —20.

Robust Control of Periodic Bifurcation Solutions

LIANG Jian shu', CHEN Yushu', Andew Y.T.Leung’
(1.Department of Mechanics, Tianjin University,
Tianjin 300072, P.R . China ;
2. Department of Building and Construction , City University of
Hong Kong, Hong Kong, P.R. China)

Abstract: The topological bifurcation diagrams and the coefficients of bifurcation equation were ob-
tained by C_L method. According to obtained bifurcation diagrams and combining control theory, the
method of robust control of periodic bifurcation was presented, which differs from generic methods of
bifurcation control. It can make the existing motion pattern into the goal motion pattern. Because the
method does not make strict requirement about parametric values of the controller, it is convenient to
design and make it. Numerical simulations verify validity of the method.
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