57 10 2008 10 Vol.57 No.10 October 2008

1000-3290/2008/57 10 /6182-06 ACTA PHYSICA SINICA (©2008 Chin. Phys. Soc.
*
17 2 3
1 110161
2 332000
3 730070
2007 8 1 2008 1 29
Poincaré Poincaré
Flip-Hopf-Hopf Hopf-Hopf .
3T
“ ” ” T2
T
PACC 0547
1.
1—5
2. Poincaré
7 89 1 M,
M, K, K
10 11 C C,
12 M,
) Ivanov Psin QT + = . M,
14 15
M,
Hopf
P M,
Rayleigh
R
* 375051-A25-030

1 E-mail zyx9701 @ 126. com



6183

10
X3 x, 0 :14_@9.61 2n7/w
L+ p
e R
/LDIC3 2n7/w
X 1+ y2i
| M, ‘ Psin(Q27T+7) .
=X
X, LG s x; 0 = i i fjﬁc] 2n7/w
C
+ gaﬁ 2nm/w
L+ p™
=Xy 4
1
[1 0] g >
0 olls, X = Z;(/JU e’ 1" ajcoswyt + bysinwgt
=
[2§ 1+8 -2 [xl} + Ajsin wt + 7y + Bjcos wt + 7,
+
- 28 203 1k : : -
2 X, = 2 g e bwy — na; coswyt
1+y - 7] X i=1
—y y X, b, + awy sinwgt + Ajwcos wt + T,
1 - Bwsin wt + 7,
:{O]sin wt + T o 1
X3 =X + ZW - E?]tz
X3 =— 0. 1
. T .
M, M, X3 =%7]—7]£ i=12 5
.;)C]_ + /’U.C3— :-.x1+ + #x3+ s[}y 47[} 77] = gwj wdj =
e = o m > Vel-mia b
. . . A] Bj
Xi- X4 X3 X3y M, M;
R
_ . . e 0 RS S
a_%ﬁ_&y_g 2 Xy Xy Xy X, X3 Xy € X
oM, - K -G ‘x1=x3 Xy o= Xy, X3 = Xy,
M, M, K, Poincaré 0 = wtmod 27 X" = xp
M =77 w = 0 — t =T,/ . . . .
1 K, M, X1 X X X3 T Poincaré
¢ = ¢, _ Mg - XK, n-1 n-1 Poincaré
2 K M, L AX' =f o AX
i=123 3 AX'€R® AXER X’
M, M, AX = Ax,y Ak,, Axy Aky Aky AT "
0 My M AX' = Ax'y Ak’, Axly Ak’ Ak’%y Az "
2nn/w n€ Z. n-1 5
% 0 =2, 0 = x, 2n/w Poincaré
=x; 2nm/w = xy
B j Df o X° = of o AX 6
% 0 =2x, 2n/w = xy OAX .y
x, 0 =x, 2nw/lw = Xy Df ¢ X©



6184 57

1 n-1 . C w 0 s = 0.140 2.262 0.301 Jacobi
Df ¢ X° n 6 Asg = —0.936 £ 0.354i | A5 | =
-1 o . 1.000 A4=-1.002 2,,=-0.614=+0.7801 |A,,]I
Df o X° =0.993 P Flip-
1 Df ¢ X° Hopf-Hopf . 0=03 2 a y=
6 0.144 &, w 2 a
csER w
w
Hopf
T w
Flip
w
3. 2
Hopf . 2b Flip-Hopf-Hopf
n=0.14
1 I a= Hopf Flip T

0.14 B=7=0.14 £¢=0.04 R=0.05 o = pu

0. 02 0. 305
‘< MIA2 S S Hopl5 & (b
0,301} \*\_ Clipst & /’f
Hapf }Ey/
0. 303 |
-0, 08 \\
0. 502 PR A
\
i )
FIHopt 53 0,401 f
-0, 18 . " . .
2. 2330 2. 2823 2. 5100 2.24 2.25 2.26 2.27 2. 28 2.29
o &
2 a p=0.14 b
3d
w Poincaré
3 0=0.3 £=0.144 3
w Poincaré . e “ ”
Hopf 30, 4 5=0.3 p=
Flip 0.146 w Poincaré
w =2.2565
w =2.256 .
2 H Poincaré
2 Hopf Poincaré P omeare
3 a 4 a w
w 4 b
3 b c w c

Hopf Poincaré 4d .



10

-0 1a

=

Xz

=0, 03

w=2, 2548

-0.1a

-0. 10

—0.05

0.00
005
=0, 10F

=, 20
(2. 00
-0.05
s
0,10 F
-0. 20

.00

-0.00F
e
0. 10 f

013

a 2T

o1
Xz

0.0a

X

~-( 03

0. 20
. 3 Poincaré

0.an

0,05 ¢

010 r

n.oiar

-0, 25

. a1
-5
=011
-0, 17

-0. 20

4 Poincaré

0. 15

-0. 05

a2l

.00
—-0.05[
-0. 10|
0. 00 0,20 15 0 10 —0.05 0. 0u
Xu
0. 07
AT, 0=3. 282y
& 008} \ _ \
el X '_'L_._...;.-.—r.'-/
_O‘ Dg — 1 1
0. 00 -0,125 -0. 107 -0, 089
X2
0,00
-0, 05 [
oy
-0, 10 |
0. 00 020 015 010 0ns .00
Xz
c d e "
0. 00
(b)
| w=2. 2358
2008t
-0.16 . L
0.05 -0.21 0. 13 -0, 05 0.03
Xy
el w=2. 2511
~0.03
ke
-0.10
0. 1a}F
0.00 -0.24  -0.17 -0.10 -0.03  0.04
Xy
b 2T ¢ 4T d



Absent Image
File: 0


6186 57
2 «=0.25 B=7=0.35 R= w& 3.80 3.95 5
0.07 £=0.01 o= 0 w p Poincaré . w w =3.928
o’ = 0.2484 3.8628 0.4096 Jacobi 6 Hopf
A, = 03711 = 0.92861 | A, | = Poincaré
1.00000 A5, = —-0.5000+0.8699i |A;,!=1.0033 a w = 9.8975 w
Aa=1 A5=-0.6514 Ag=—0.0068 A,, As, 3.892 3 5b
w 3T
2
" Hopf-Hopf 3T r
Poincaré “ ”
§=0.25 1 =0.40 Se— 1.
0. 05 =
00 (@) p=3.8075 "
000 p=amez .
0.02 (\@/
" 2 00a ‘]
0. 04 '
-0.10
i
0. 06 : : : . ~0.15 ' ' '
0013 012 LT 010 0.0 0, 20 0. 15 0. 10 -0, 05
Xg B
0.05F (c) “’z:gé. 8 ———\\ 0. 05
0. 00 2 ...\.9?”___:. N N/ 0.00 |
# _o.08f 4’\:‘; b * .08
~0.10 F “"“““—wf’_’/ -0.10
.15 : ' : ' .15 : : i :
020 -0.15 0.0 —0.05  0.00 0.2 -0.15 0.0 -0.05  0.00
Xg EH]
0. 08 . 0. 08
ey @ 20 0
@=8.8
g 0,02 20,02
0. 12 L : . 0. 12 s : .
-0.24 0,17 -0.10  -0.03  0.04 -0.25  -0.18 0.1  —0.04  0.03
Xy Xy
5  Poincaré a* " b 3 ¢ 3T d 3T
e 3T £ g
4. Jacobian
Poincaré Hopf



10 6187
1 T2 3 T2 “ ” o
T2
1 Papenbrock T Weidenmller H A 2007 Rev. Mod. Phys. 79 997 7 looss G Los J E 1988 Math . Phys. 119 453
2 Zhang GJ Xu J X 2005 Acta Phys. Sin. 54 557 in Chinese 8 Xie J H 1996 Appl. Math. Mech. 17 65
2005

Chinese

2006 55610

54 557 9 Wen G L2001 J. Sound Vib. 242 475

3 SunX J Xu W Ma S J 2006 Acta Phys. Sin. 55 610 in 10 DingWCD XielH J. Sound Vib. 287 101

11 Luo G W 2004 Phys. Lett. A 323 210

4 YuJJ CaoHF XuHB Xu Q2006 Acta Phys. Sin. 5529 in

12 JnDP HuHY 1997 Acta Mech . Sin. 13 366

Chinese 2006
13 Ivanov A P 1996 Chaos Solitons & Fractals 7 1615
5529
5  FuWB Tang ] S 2004 Acta Phys. Sin. 53 2899 in Chinese 14 Ding WC XieJH Sun QG 2004 J. Sound Vib. 27527
2004 53 2899 15 Ding W C Xie J H Li G F 2004 Engineering Mechanics 6 123
6 Liu F Guan Z H Wang H 2008 Chin. Phys. 17 2045 Chinese 2004 6123

Two codimension-3 bifurcations and non-typical routes
to chaos of a shaker system™

1

Zhang Yong-Xiang' ¥ Kong Gui-Qin*  Yu Jian-Ning’

College of Science  Shenyang Agricultural University ~ Shenyang 110161 China

2 6354 Institute of China State Shipbuilding Corporation Jiyjiang 332000 China

3 School of Mathematics Physics and Software Engineering Lanzhou Jiaotong University Lanzhou 730070 China

The dynamical model and Poincaré maps of a shaker are established. Two types of codimension-3 bifurcations of this
system including Flip-Hopf-Hopf bifurcation and Hopf-Hopf bifurcation in the third order strong resonant case and three non-
typical routes to chaos are investigated by using Poincaré maps. The system exhibits more complicated dynamic behaviors near the
points of codimension-3 bifurcation. The results show that near the points of bifurcation there exist triangle attractor 37 torus
bifurcation and’ pentalpha-like” “

torus-doubling bifurcation and T? torus bifurcation are analyzed by numerical simulation. The system parameters of shaker may be
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Abstract

in

tire-like” attractors in projected Poincaré sections. The routes to chaos via torus explosion

optimized by studying the stability and bifurcation of periodic motion of the shaker.
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