.24 6 (2003
Applied Mathematics and Mechanics

6 )

: 1000_0887(2003) 06_0565_07

TF, BRTH

\ 300072)

(&) B% T T4 48)

(
( )
0322
(1,
L4,
) ; )
* D 2002.02.01;
( G1998010316)
(1963—),

. Hamilton
( ) : )
(Hopf e
Hopf s .
; Hopf ;
A
. [5.6]
_ . L7
[8]
. Hamilton
2003_02_19
(19990510, 10272078) ;
s , (E_mail: qding@ pubic. tpt. tj. en)*

565

[2~ 4],



566

2.

~ 2.3(

) .
s F r 1 . Fs
Fo= F- Fe 1o, ( ) Fao
( ) , a ,  Fao= kd",
Q= o
( ’ ( Q Z ) g F i
o= 0 , Fa
. s 2] / \F'..
: T
Fi , H
s Fao= kd" a i
00’ , E
Fya H
, m= 1, k= kl' Fao :Fd
: m= 2 e .
m=2) k= ki/ao 1, ao \*-‘_0 r
. 1(b) ¢
Fq= Fqo, * ) 1
0/
(a) (b)
(Q> w;, 0— e— )
Fa= - k"% 1 &1, (1)
0’ Q Ox/y/ .
2( a) ) L, R, A, 1, )

0(0,0,s) O (u,v,w+ s)°



567

i= J-1, :
T = %.rowds= %,ﬁ)#ds.

, e= 0 b ce=w - b7
+0.577, () =9 )/0s,

/)
U= ijvoedvz %L 177+ A+ lAw’ZZ’] ds ,

2 2
E ,
Hamilton w(0)= w(l)=0, VA
MUZ+ EIZ"+ C.— Fy(s) - g—? /J:)Z'Z/dsz Plee(s) QPei?, (2)
Ce ,e(s) Fda(s)
7= ,;'fn(z)@,l(s), G(s) = sin L5 €70.1]), n
falt) t s n . Fa(s)
Fals) == SHrfu"" i 225 (3)
< nf n | éﬂl l s
g n O/x/y/
e(s)= Z,Ensinnl_ns'
Z Fa(s) e(s) (2), Galerkin
= 2 V 2 m/2 én ‘*)%z 2.2
ot Ofut Yt O (fuf ) Y R Al =
E. Q%" (n= 1,23 .., (4)
U= C/@, V= kl’/(EIT) . o= (1) JEI/P
3
Fa )
( ) * n Q= w+ o= 0(1)
€ . , o> > fi, bk Zn, ,(4)
» 2 i (4)%1 2
Fut Oifn= € E, P - Ufz- l?fnfn_
[nl] (S f )" Uﬁ%%} (5)

. 0 . . 0
:fnz ane](QH 'L)a f%: IO)ILanel(QH 'L)a an en( )



568

.,7’,///: {E%l =

8RWY (3/303) O ©

. (5) KB 1
(.ln = 8 - %Lun‘F %nl/mna;:l_ %En (*)nsmer] ’
S . (6)
0,= € - 0+ —5a%- LE ®, cos0,| ®
n 2R2 n 2an n-n
N
m= 1, . an 0, (6) a,= 0,
= 07 2
N+ ph+ g= 0, (7)
Vo,
p=b-
1 VvV, En o . W an En W, En o
q= [— 311+ ﬁ] dan sinf, + { R? 2a%l cos 0, ) cos0, *
H> T: nVwi * (8)
L= pWo | (7) , Hopt
¢ (8) ’ 5 5
10]
(8) : : . o
(3) ) ;
)7 D) D) [278] *
4
. N
V=0, (6) an=0,=0 0., n
R(x, A\T) = [(x*= N+ o*Jx"+ B= 0, (9)
o a4
X = %ﬂn, a= p’; B:— I?E%l; }\,: 20. 4—
}\ y I'= ((I, B) Tm
, i A T "
U 7y o #={B= 0 a< 0: ® ®
T= {(1: — (ﬁ/z) Bl/3’ B <0 s 9 "a" / A
= . = (a B) e \ -
( ,
) 3 ) a 3
>0 B <o (En, W)



569

(E”) ’
5 ( )
(8) .
an= 0.2 0 0, . ()
G(x, M) = [(x°= N+ (a- w)Yx*+ B= 0,
Y= WR(w)"Yn * (10)
¢G(x))’ [12],
. (10) F= (0 B Y)

4

R = {[3: 0, a< (}, PB= {B:— lél_yz,sgn(a\(x) >

T= {B: - [x3+ GIY]xB, az[%Y2+ Sx%—

3ave( V4 Ta)+ (Y4 6Ya - 3t = (};

a={ ) (x

. a20,B<0 Y 20
= (a B v) (a,B)
uo| Bl E2,

@06 @6,

>

?

@,
m= 2, (6)
(10)
(G(- x)

AU xpU 77U o

P rovs = /
D @ @ @

4 (Y2> Yl)

. s
m = 2, anp = en: 07 (6)

(7)



570

(1]
(2]
(3]

(5]
(6]
(7]
(8]
(9]
[10]

(1]

[12]

3w,
p=H- 2n @
_ L 2“‘0" won L & 2 3(*)n 2| .
3Vuan/(2n) < B ;  an= 2nd/(3Vw,) Hopf ,
ONE) . ,
( ) ( Hopf ) .
. , Hopf ,

[ ]

Den Hartog J P. Mechanical Vilration [ M]. New York: McGraw_Hill, 1965.
Tond A Some roblems of Rotor Dynamics [M] . London: Chapmann & Hall, 1965.
Vance J M, Lee J. Stability of high speed rotors with internal damping[ J]. ] En gin eering for Indus-
try, 1974, 96 (4) : 960—968.
Zhang W, Ling F H. Dynamic stability of the rotating shaft mode of Boltzmann visco_elastic solid[ J] .
J Appl Mech , 1986, 53( 2): 424—429.
Shaw J, Shaw S W. Instability and bifurcation in a rotating shaft[ J]. ] Sound Vibration , 1989, 132
(2):227—244.
Chang C O, Cheng J W. Non linear dynamics and instability of a rotaing shaft disk system[ J].J
Sound Vibration , 1993, 160(3) : 433 —454.
Shaw J, Shaw S W. Non linear resonance of an unbalancedrotating shaft with internal damping[ J] . J
Sound Vibration , 1991, 147( 3) : 435—451.

, , .. [M]. : ,1987.

[M]. : , 1983,
, . [J]. , 2000, 15(2): 191—195.

Golubitsky M, Schaeffer D G. Singularities and Groups in Bifurcation Theory, Vol 1[ M]. New
York: Springer Verlag, 1985.

, , ) [J. , 2001,
33(5): 661—668.



571

Bifurcation of a Shaft With Hysteretic_Type Internal
Friction Force of Material

DING Qian, CHEN Yu_shu
( Department of Mechanics, Tianjin University, Tianjin 300072, .R.China)

Abstract: The bifurcation of a shaft with hysteretic internal friction of material was analysed. Firstly,

the differential motion equation in complex form was deduced using Hamilton principle. Then averaged
equations in primary resonances were obtained using the averaging method. The stability of steady
state responses was also determined. Lastly, the bifurcations of both normal motion ( synchronous
whirl) and self_excited motion( non synchronous whirl ) were investigated using the method of singulari-
ty. The study shows that by a rather large disturbance, the stability of the shaft can be lost through
Hopf bifurcation in case the stability condition is not satisfied. The averaged self excited response ap-
pears as a type of unsymmetrical bifurcation with high orders of co_dimension. The second Hopf bifur-
cation, which corresponds to double amplitude modulaed response, can occur as the speed of the
shaft increases. Balancing the shaft carefully to decrease its unbaance level and increasing the externa
damping are two effective methods to avoid the appearance of the self sustained whirl induced by the
hysteretic internal friction of material.

Key words: shaft; hysteretic type internal friction of material; Hopf bifurcation; non synchronous
whirl



