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1

)

I: 2

X,y

Y = f(y)

1:2

f € (R,

y= x+ pi(x)

(1)

x+ v+ &+ &iy+ &1y = xy + vy + x2y+ y2+ x2y+ 2= f1,

v+ (4+ Wy + Sy + kv + cw =

12

Normal Form

(k=

2, - 1),

2

’

2y + wxy+ 260y + 3yi+ xly+ a0 = fo

HANE

X = X1, X1= X2, ¥ = X3, ¥X3= X4

(3)

X,y

Normal Form

(1)

X= AX+ BX+ F(x),

X= (x1,x0 %3 x4)

0

;cl,c2, c3

Normal Form

Normal Form

’

s k1, k2

(1)

(2)

(3)

(4)

(5)

(6)



1.2 819
0O O 0 0
B 0 - &6 - & - & ;
- 0 O 0 ] ( )
0 0 - Hu - &
B )
0
- fi
F(x) = NE (8)
F(x) y
X=TZ+ H(Z), (9)
Z= (z1,21,22,22) (10)
1 0 1 0
1 0 -1 0
1 1 1 1
Tr= |- ?kz— ?103 1 - ?k2+ §Ic3 1 | (11)
- %kz— %Im 2 %I(kz— les) - 21
H(Z) = H,Z" (12)
Iml 22
(4) :
Z=JZ+ C(Z), (13)
I 0 0 0
7= 0O -1 0 0 (14
o o0 20 0|
0 O 0 -2I
C(Z) = C.2", (15)
| ml 22
[{m, VJ- A]H, = f.— TC,* (16)
Poincaré ,
(m, A= \° (17)
Normal Form 212237 172 R
mll— m2[+ 2m3[— 2m4]= ], (18)
mil = mal + 2m3l - 2ma4l = - 1, (19)
m1]— m21+ 2m3]— 2m4]= 2[, (20)
mil = m2l+ 2m3l— 2mal =— 2[° (21)

Normal Fom 1

(18) mi= 1 z1
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(19 my= 1 z1
(20 - m3= 1 z2
(21y ma4= 1 22 *
Normal Fom 2 :
(18) m2= 1, mz= 1 ziz2
(19 mi= 1, ma= 1 ziza
(20) mi= 2 1,
(21) ma= 2 P
Normal Fom 3
(18 mi= 2 my= 1; m=1 m3=1, ma= 1

2_ —
ziz1, zlz2z2
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- - -
2121, 212222 B
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_ —
212122, 2222 B
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- = =2
Z12 122, 2222 °

Cm]mzm 3m, 6m]m2m3m4, 1/2 Normal Form :
z1 {[ 0} Z1 001102_1Z2 CzlooZ%z_1+ 01011Z1Z2z_2 (22)
. = + + _ —_1>
22 0 2[) |22 620002% e11102 12 122 + 600212522
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8 8 1, 2 2 4
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1
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_ 13 5 1lp2 7,2 2 1,
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2 Normal Form

1:2 Normal Form
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. — 2— -

z1 I O}z CO1102 122 €210z 1z 1+ 1011212222

= + + . (2)
0 21 ? = 2=

22 22 €2000Z 1 e11102 12 122 + eon12222

Normal Form R s
: 4 3, .
P=1z12 Lrus iv) = Z ()
P 2]
(29
1= JPeY, 25 = (u+ iv)ezm, (30)
sz e 0P, sa= (u+ i)+ 2i0(us i)l (31)
2./p
(30) (31) (2) ’ s Co110 €2100 C1011 €2000
e1o eot 6 , ai, bi,i= 1, --,6,
P= 2a1- 261+ 2020+ 2a3(u’+ 0P, ()
0= 1+ biu+ aw+ bP+ b3(u2+ 112), (33)
u= 20(0- 1)+ asP+ asu— bs@ +
as(u’+ v )u— be(u+ v, (34)
v==2u(B- 1)+ bsP+ as@+ bsQu+
a6(u2+ 02)v+ b6(u2+ Uz)u' (35)
(3) (34 (35
w= 2biuw+ 2aw’+ 202 + 2bs(u’+ vi)v+ asP+
asPu— bs@+ as(u’+ v2)u- be(u+ v?)v, (36)
v = - 2bju’- 2a 1w - 2by - 2b3(u2+ vz)u+ b4P+
aspv + bsQu+ as(u’+ vi)v+ be(u'+ v7)u, (37)
(32) (36) (37) 3 Pu,v .
., P=u=wv=0
2a1u- 2b1 @+ 2a2 + 2as(u’+ vH)P= 0, (38)
2biw + 2aiv’+ 2b2@ + 2b3(u2+ 02)v+ asP+ asPu -
bs+ as(u’+ vHu— be(u’+ v )v = 0, (39)
— 2biu’- 2aiww - 202 - 2bs(u’+ vP)u+ baP+ as@ +
bsPu+ ael u*+ viv+ be(u’+ vi)u= 0 (40)
) u v, P 4
AP+ B+ CP+ DP+ E = 0, (41)
ABCDE .
3
4 4 , ,
, , 4



822

ot b+ c= O (42)
. (42
xtE 2N X% N+ arh+ oa’+ a+ au= O, (43)
(43)
g= x+ 2NN+ X (4)
4 . 2 6 , ¢

xth mxTE N+ i+ = 0,
ap Z0, g Z0, & =0, a3 =0

, (46)
l.
B1. Qs = 0,
+ 1(m—80m—128+,/m(m+32)a1
B2: a= 755
128 (m-27(m+2)°
2.
243(m + 12)(11
H: a=-
256 m®
3.

DL: o= 0 oay(m’= 4) 20°

m> 2
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1' 2 Internal Resonance of Coupled Dynamic System
With Quadratic and Cubic Nonlinearities

CHEN Yushuy, YANG Ca xia, WU Zhi giang, CHEN Fang qi
(Department of Mechanics, Tianjin University, Tianjin 300072, P R China)

Abstract: The I 2 interna resonance of coupled dynamic system with quadratic and cubic nonlineart
ties is studied. The normal forms of this system in 1. 2 internal resonance were derived by using the
direct method of normal form. In the normal forms quadratic and cubic nonlinearities were re-
mained. Based on a new convenient transformation technique, the 4_dimension bifurcation equations
were reduced to 3_dimension. A bifurcation equation with one dimension was obtained. Then the br
furcation behaviors of a universal unfolding were studied by using the singularity theory. The method

of this paper can be applied to analyze the bifurcation behavior in strong internal resonance on 4_dt
mension center manifolds.

Key words: quadratic and cubic nonlinearities; Normal Form; [ 2 internal resonance



