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x1+ f1(x1)+ fa(x1— x2) = 0,
x2= fo(x1— x2)+ f3(x3) = 0,
VAWENE :
Sfi(u)= u+ p1u3+ ()(us),
foAu) = ku+ qu3+ o(w’),
Fiu)= (1+ Ju+ pa’+ O(u’)
5 ; (1)
{x1+ 21+ k(x1— x2)+ p1x?+ qg(x1- x2)3: 0,

22+ (1+  )xo+ k(x2-— x1)+p2x%+ q(x2- x1)3: 0,

kpip2 ¢ 0

(3)
[8] 0
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(Ad)~ (A12),
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X1= u, x1= v,
vy = (=6lg s _6g -~
(-39 (-8 7 (5)
x2 = 3_;&1( — 28) w’v+ M( __88) v’
5 3, (5 )
u+ u+ (pi+ q)u3— 3u3(a6u2+ aguz) =0 (6)
Lindstead Poincar L , (6)
u= acos( t+ )+ 3%2 Sa(pi+ q)eos(3 1+ 3 ) -
55
. a
1024 ( _8)(3(— 1Rqg+ (409 +
7 = 8)(p1+ q)%))cos(3 t+ 3 )+
(8¢ ( = 8)(p1+ q))cos(5 1+5)), (1)
, a (3) wli=o= w0 wvli=o= uli=o= vo ,
TP o S AR P T
g 1T T 056 (- 8) 7 prrd
40 (pi+ 1g+ (q- 2q)) (8)
) uo  vo
Wo= aopcos o, Vo= — Ao 0COS 0, (9)
o= 1
ao= Iu%+ vh, 0= arccos{z—ﬂ = arcsin{— Z—j, (10)
apcos 0= acos + “a’cicos(3 )+ “a’[cacos(3 )+ cacos(S )],
— asin o=— a sin - 3 *a’c; sin(3 )- (11)
Y& [3esin(3 ) + Scasin(5 )],
ci= E(pi+ g
32 pP1 q)
-3 2
c2=— 1024 ( - 8)[ (40g+ 7( = 8)(p1+ q)7) - 1924/, (12)
N B 2
€3 == 1024( _8)(8(1_( —8)(p1+ q)) )
(11) a , a ap
a= Arao+ Aszap+ Asad+ O(aq),
2 4 6 (13)
= Bo+ Bzao+ B4ao+ 0((10)

(13) (11 ao
A= 1,
Az = ci(cosd o+ 4cosd o— 6),
As= (605ci- 2d - 2(268¢T+ 42— d))eos2 - 4(10¢} -
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By
B>

2+ 3e¢3)cosd o+ 8(c3— 20%) cos6 o— cicos8 o

0,

- 01(8Si112 o+ sin4d Q),

Bs= %[(248&— 4er— d)sin2 o+ (32¢i— 2c2— 6c3)sind o+

c1 2 c3

d=-

vo= 0

4(3ci— ¢3)sin6 o+ cisin8 of

(12),
3
256 (

, a0 = 1o,

Tyl 5760+ 5 (pr+ q)"= 40 (pit g+ q(q- 2)]

5

1 3 o 2 2 2
a= ao— ﬁao(p1+ q) - m(w pi— 152 pi— 576q +

112 g- 304 pig+ 38 “pig- 152 ¢"+ 12 °¢)) (14)
(3) x1 x2 vo= 0 ao= wo , (5) (7)
(14)
Y=k 0(ad). x = T ocd) (15)
[8], ap< 1 s
MLQ_< 0 -
( -38) ad
2 (3) xl ”
( -6)qg
(= 8)) Threshold
(= 6)q 4
(= 8) Threshold — 0 aj (16)
- q B )
s [y s - O;pl
=p2 (%1,%2) . (%2,%1) (= %1, - £2) (3) ; 0 p
p2 ’ s
, =1 pi=05 p2=07 g= 02 wuo= 03, vo= 0
2 X1 X2 0( ag) q 2(a)
. q , x2 / x1 < 0(1), q , X2 ,
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2 11
k=0 =0, (3) 11 , (Ad)~ (AI2)
a1= bz, a2= b1= a3= as= as= bz= bs= bs= 0,
(17)
as= by, ar=—- bs, ag=— bs, be= bs, b1= by
gai+ (p2- 2q)ai+ (29— pi)ai— ¢= 0 (18)
(17)  (18) . ) bs= bo= 0 (3)
x2= aixi, y2= by, (19)
ar b (17)  (18)
s 4 , 4 ,
(18) , g O ar= z- (p2- 2q)/4q, (18)
e e oz or= 0, (20)
3| p2-2|* 2q-p1 1|p2- g
m = - , n= + ’
8 2 q 8 q (1)
L 1 (pi—29)(p2—q) 3| pa- 2g
r=- vy 7 T 2%
1. 4 -, 8 3 1 2_ R
3(m—4r)— gms w= 5om 3m(m 4r) o
= s+ w3,
0 ,(20) s <0 ,(20) 4 , =0
~{pupra)t =0 (2)
2, 2 3 6 2
, (3) ( pr=p2=p) , ==-p(p-4pq)/2q, p - 4pq
0, (18) V= 1Ldd? =1 p’-dpg>0,(18) 4 at’ = 1, at?
=-1, a53’4): (2g- p Jpz— 4pq)/2q
4 p= 05 , ail q
. ¢< 00125 , , :
(0 012 57 - 1); P s 5 [16]
( p1 p2) p2= pi+ 5 ;

;o 6(a) 6(b) ar q :
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(A3) (AD), u v ) ) (A3)
MATHEMATICA ¢
u
ay + b1+ azk— a1a2k: 0,
- a - a+ ]72+ k+ bzk— (l|k— (l|b2k= 0,'
v
2
- a1+ by+ azk= 0,
- wm- a- bi— ark- abyk= 0;
2
u
a4 + b3— a2a3k+ a4k— a1a4k = 0,
- a3— a3+ b4— a3k— (l3bzk+ b4k— a1b4k: 0;
uw
- 2a3+ 2as+ bs— 2ara4k + 2ask - 2ajask = 0,
- a4—- a4- 2b3+ 21)5— a4k— a4b2k— a2b4k+ 2b5k— 2a1b5k= 0;
2
v
— a4+ b5— 3(12(15: 0,
- as— as— by— ask- asbryk—- 2absk = 0;
u3
ar+ as— a@3ask — arack+ arh- aiark+ api+ axg- 3aiaq+
3a%azq— a?azqz 0,
- ag— ag+ b7— ask— (lﬁbzk— a3b4k+ b7k— a1b7k+ bzpl— a?p2+ q-
3a,q+ 3a%q— a?q+ byq- 3abyqg+ 3a%b2q— a?bzq: 0;
u“v

z= [%1, 51, %2 ¥2[, y1= %1, ¥Y2= %2
0 1 0
- (1+ k 0 k 0
a0 |
0 0 0
k 0 - (1+ + k)
0 0 0
- (pi1+ q)xi- 3@3 0 3t + g3 0
Ay(z) =
0 0 0 0
3qwg+ qx% 0 - (p2+ q)x%— 31;{%
X1= u,y1= v, X2 Y2 uw

2
uv

2 2 3 2 2 3
X2= aiu+ a0+ azu + asw+ asv + aeu + aju v+ agw + agv +

y2= biu+ b+ b3u2+ bauw + b51;Z+ bﬁu3+ b7u21)+ bgu1)2+ 1)9v3+

- 3ag+ 2ag+ bi— aik—- 2azask - 2arark+ 2agk - 2ajagk - 3a3q+

6a1a%q— 3a%a%q: 0,

- a;— a;— 3bg+ 2bg— ask— a;bk— agbsk— 2a3bsk— abik+ 2bgk -

2a1bgk - 3a%azp2— 3arq+ 6ararq - 3a%a2q+ 3arbrqg +

6aiar brg - Sa%azbzq = 0

(A2)

(A3)

(Ad)

(A5)

(A6)

(A7)

(A8)

(A9)

(A10)
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— 2a7+ 3a9+ bg— 3asask - 3aragk+ 3aok - 3araok + 3(1%(]—

3a1a%q = 0,
(All)
- ag+ ag-— 2[)7+ 3[)9+ (Lgk— (lgbzk— asb4k— 2(14[)5k— 2(12[)gk+ 3[)9k—
3ai1bok - 3ala§p2+ 3a%q— 3a1a%q+ 3a%b2q— 3ala%b2q: 0;
— a+ bo-— Zagk— daraok — a%q: 0,
(A12)

- ay— a9— bg— aok— agbrk— 2asbsk— 3arbok- (l,%pz— u%q— (L%bzq: 0
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Singular Characteristics of Nonlinear Normal Modes
in a Two Degrees of Freedom Asymmetric
System With Cubic Nonlinearities

XU Jian', LU Qishao', HUANG Ke l&’
(1 Department of Engineering Mechanics and Technology , Ton gji
University, Shanghai 200092, PR China;
2 Department of Applied Mathematics , Peking University of Aeronautics and Astronautics,
Beijing 100083, PR China)

Abstract: Nonlinear normal modes in atwo degrees of freedom asymmetric system with cubic nonlin-
earities as singularity occurs in the system are studied, based on the invariant space in nonlinear nor-
mal modes and perturbation technique. Emphasis is placed on singular characteristics as the linear
coupling between subsystems degenerates. For non resonances, it is analytically presented that a sin-
gle mode motion and localization of vibrations occur in the system, and the degree of localization re-
lates not only to the coupling stiffness between oscillators, but also to the asymmetric parameter. The
parametric threshold value of localization is analytically given. For 1 1 resonance, there exist bifurca-
tions of normal modes with nonlinearly coupling stiffness and asymmetric parameter varying. The bi-

furcating set on the parameter and bifurcating curves of normal modes are obtained.

Key words: asymmetric system; nonlinear normal mode; localization of vibration, bifurcation of nor-

mal mode; nonlinear dynamics



