, 24 11 (2003 11 )
Applied M athematics and Mechanics

1 1000.0887(2003) 11_1141_10

EME, FREA, FHX, AR

(1. 710049;
2. , 710052)
(FT AR 74 %)
. Muszynska s
, Floquet .
0347.6 A
[1~ 6],
=21 Muszynska [3~0l . , Muszynska
[4] o

[ 6] Jeffcott _ )

, . Floquet
1 [3~17]

Muszynska (3= ,

* 1200203 26 120030623
(50275113)
(1974—), , ( E_mail: leestmail@ 163. com)*

1141



1142

Muszynska

o T(A) 9T 2
(1) o K, D, ny
2 2 * K7D7T X7Y 2 [SN 6]7
K= Ko(l- )", D= Do(1- ¢*)""  (n= 0.5~ 3),
(2)
T= To(l-e)’ (0< b< 1),
(2) , e= JX2+ Y¥e , C *nb T
, To< 0.5 Muszynska ,
Ko, Do, my Black_Childs 7, .
i
1
2Ly
r_ad
17
!_/ £
_;"iz/
rd m /
7777
1 Jeffcott
oxXy 0, o, 01, r, 1 ,
[m r(j X |:De OJ [Ke OJ X
|t + =
0 Y 0 Dd| ¥ 0 Kdl|Y
Fy 0 5| cos &
+ + mro’| s (3)
Fy mg sin o'
(3), m ,Ke ,De 5 w N °
x=X/c,y= Y/e, I'= t, M= m+ mf,pzz mr/Mc, (3) Fx, Fy

901 a1 )

0 cost
} + P, (4)
G sin¢



1143

(4)
K.+ K- Ty ™ Det+ D
K= sz , Ko= ]W_(ﬁ’ D = M—®7 (5)
_ 2y mg
ba= 117 G__Mcw2
3
; Poin care ; ;
(4)
@cost Dy D Ki Koy f1(x3)yx,y, @ t)
_ 6+ Psime| |- D2 D1 - K2 Kif |y _ |[faABB xRy 00) 6)
x 0 -1 0 0 0|« f3(3y5 %y, @ t)
0 0o -1 0 olly W(ZB Xy, ©t)
[8,9]
»=f(x,t, P (x ER",t E R PER), ;
f(x, 1,0 = f(x,t+ T, P (7)
w»=f(x, 1 8(s)), (8)
r(s)= x(0,s)- x(T,s)= 0 (9)
s €ER" , s , x(0, s) , s
x(T, s)e s, (9) , s s°,
Newton_Raphson , s
s = s = Dr(s) e r(s), (10)
ar(s) 0x(0.s) Ox(T.s) Ox(T.s) T,
Dr(s) = Os os os oT Os (11)
OLLS) 1) = (T, 5). (1)
0x(0, ox(T or
Dr(s) = CXEhsL_OxCLs) oy ) SL (13)
(1B) ax(aT;2 s)
ox|'_ o 0x Of g
0s) = ox Os Og 0s’
ox Qx(0.5) (14)
Os| li=o~ os
’ T 5 aT/aS: O,g(s)
s= [%, 9% x0 yo, 0x/0s= [ax/as][:T =



1144

Ox| _ Of Ox
Os Ox 0s’
ox ox’ (13)
H == 1 )"
Os) =0~ Os
x (t) Floquet .
s
Jx _ Qﬁ(t x3) Jx
0x(0) ox' "~ 0x(0)’
o (16)
8x(0) =0
8
Floquet A (ax/ax(O)j =T . Floquet 5 Floquet
1, 5 Floquet 1, ;
Floquet 1, 1 ,
; 1 )
1 r .  Flogut A
Fbquet A
r/(mm) @ /(rad* s71)
- 06240 +0.781 4 1.000 0
- 06240 - 0.781 4i 1.000 0
01 280. 2
- 0,470 3 + 0.590 3i 0.7547
- 0.470 3 - 0.590 3i 0.7547
- 05310 + 0. 847 3i 1.000 0
-05310 - 0. 87 3i 1.0000
0.2 25.2
- 0404 3 + 0. 646 6i 0.762 6
- 0404 3 - 0. 646 6i 0.762 6
- 0349 + 0. 931 1i 1. 0000
- 0349 - 0.9312i 1.000 0
0.3 323.5
- 0285 +0.723 01 0.776 3
- 0285 -0.723 01 0.776 3
- 01198 +0.992 8i 1.000 0
-0119 8 - 0.992 8i 1.0000
0.4 372.0
- 00%6 + 0.791 0i 0.796 7
- 0.0% 6 - 0.791 0i 0.796 7
- , , , Floquet
1, , , 1 Floquet s
. 1 Jeffcott , m = 50 kg, Ke= 0.5x%

106N‘m_1, c= 2.5 mm, Va= 5m‘s_1, z=0.1,n= 2, b=



1145

0.5,mo=- 0.25, no= 0.079, Floquet
1, 1 Floquet s I
2 OJL 2 *
, ) . 2 1 r= 0.1 mm
R ——— 0.1
-0.34 -0.2
-0.36
-0.3
-0.38
-0.4
-0.40
-0.42 -0.5
0.4 -0.6
-0.05 0 0.05 0.1 0.15 -0.2 0 0.2 0.4
(a) ©= 270 rad* s (b) ®= 290 rad* s
2 r=0.1
%0 = 0|,
340
= +
e 320
L
S 300 +
a
m +
" 260 | +
0 0.5 1 0.5 1 1.5 2 2.5
(:1+,’-'R)lﬂ n
(a) (b)
3 n
@O~ 1.02 |
+ | "
. | e
P + »l .....'
'e i . *..
ie L |1e T
a' [ ] L i
* |
X0 + 0.96 ..i'
+ +-“ ’
200 . 0.M - - I
0.2 0.3 0.4 0.5 190 200 210 0 230
to w/(rad* s ")

4 W, — TO 5 | }\lma(_ ®



1146

(n TwD

~0.1 0.5 -
-0.2
-0.3
y £ 0 ¢
-0.4
-0.5
-0.6 -0.5
-0.2 0 0.2 0.4 -0.5 0 0.5
z
(a) ('b) Poincare
6 o= 190rad* s
0 0.1
»
-0.2 0.05
Yy -0.4 s 0
-0.6 -0.05
.
-0.8 -0.1
-0.4 -0.2 0 0.2 0.4 -0.4 ~0.2 0 0.2 0.4
x
(a) ('b) Poincare
7 ©= 200rad s’
-0.1 ' 1
-0.2
0.5
-0.3
Y £ 0 *
-0.4
~0.5 -0.5
-0.6 -1
-0.2 0 0.2 0.4 -1 -05 0 0.5 1
z
(a) ('b) Poincare
8 = 205rad* s!
. 3(a) , , ; K
( 3(b)). n



1147

0 —— 0.06.
T
0.04 .o‘ .,
-0.2 o' )
L4 L
0.02 o »
™ .
y =-0.4 'y 0 - . 4
. ™
L
-0. .. L
~0.6] A o
-0.4 *seget’
-0.3 . - 0.06/ . _
-0.4 -02 0 0.2 0.4 -0.4 -03 -02 -01 0
* ]
(a) ('b) Poincare
9 w= 223rad* §!
0.5 0.2
o* *Ca,
0.1 " ‘c
s -
s .
|
¥ 0o *
. 4
[ [
[ N
-0.1 . e
» ...‘
-1 " -0.2 x
-0.5 0 0.5 1 -0.5 0.5
x ]
(a) ('b) Poincare
10 o= 2451ad* 5!
0.5 0.2
0.1 .
[+]
Y £ 0
-0.5
-0.1
-3 -0.2 *
0.1 -0.5 o 0.5 1 -1 -0.5 0 0.5
P x
(a) ('b) Poincare
11 ©= 290rad* s
) T . (2) e,
T T , T . [1,2] ,
T « 4 T ) :
. Floquet ’



1148

0.5

.
-0.5

0.3

0.2

0.1

-0

-1

-0.2

0.5

~0.5

(b) Poincare

340 rad* s~ !

W =

12

» 0 - L] » a a L ] e ae
sE = [ - LE] -
- 25 & & . .. LI RN

R S el
L _TI101r) )
. . 1 I ]
ane
L
L]
L ]
L ]
o
L ]
L ]
a
[T - Y- N - S | = Lo I -] L |
- o o & o 0_0 00_1.
] | I

180 200 220 240 260 280

300 320 340

w/(rd=s 1)

13

+ 1

Floquet

o( A= e”, A Floquet

Floquet

[10,11],

(17)

N

B
Q!

| &
1

|&

nl’
A=— 1

Floquet

T/ 7,

Co(,‘
Q

B

(17)

, Floquet

| }\, | max

Floquet

Keo/m)

2(‘071( W, =

0. 35 mm,

r =

Floquet



1149

=2.5b= 0.2 To= 0.45 @, = 100rad*s ",
w= 2, ) ,

. w= 200 rad*s '
=-1.0009, - 0.9332 - 0.6140, — 0.599 2

Ma=— 0.953430.3020i, Ass=—- 0.6006 £0.192 0i, | Al o= 10000

I3
Poincare
( 6) ( 7,
( 9~ 12) .
( 9-12),

5

1) _

2) >

. , K D

[1~ 2],
(1) (2) Ko, Do, my

Ky= MMy, Dy= BT, mp= W72

(AI)
2

b= —2—p
0= 1% 2+ 20b(1= mo),
202 E B|1
Br= 1+ z+ 20[0+ 2[6+E]]’
o(1/6+ E) TRAP l
by = 1+ z+ 20’U3_ A7 = Va
(A2)
(Hm )/2
R o
A= noR'Z'O[H [R_J? s
1+ z
E= 17 z+ 20 B=2-
(A3)
Rew 2 4
Rv— y qu Y,
AP , Z o1

W= 22rades 't | A ©
( 7), Floquet N,23,4
o= 22rad* s’ Floquet ,
, 5
( 6~ 12),
( 8).
n L]
, n
2 T 2
(AD)
(A2)
(A3)
(A4)
s Va
[6],



1150

(1]

(2]

(7]
(8]
(9]
[10]

[11]

, , [J]. , 1996, 13
(2): 77—83.

) ) [J]. , 1999, 35(2):
49 —52.
Muszynska A. A whirl and whip rotor/ bearing stability problems[ J] . J Sound and Vibration, 1986,
110(3): 443 —462.
Muszynska A. A model testing of rotor/ bearing systems[ J]. International Journal of Analytical
and Experim ental Model Analysis, 1986,1(3): 15—34.
Muszynska A, Bently D E. Frequency_swept rotating input perturbation techniques and identification
of the fluid force models in rotor/ bearing/ seal systems and fluid handling machines[J] .J Sound and
Vibration, 1990, 143(1):103 —124.

, . _ Hopf [J]. , 1997, 10( 3) :
368 —374.

[M]. , , 1990.

, . [M]. : , 1998.

. [M]. : , 1993.
Loose G, Joseph D D. Elementary Stability and Bifurcation Theory [M]. New York: Springer Ve
lag, 1980.

Waggins. Introduction to Applied Nonlinear Dynamical Systems and Chaos [ M]. New York:
Springer_Verlag, 1990.

Stability and Bifurcation of Unbalance
Rotor/Labyrinth Seal System

LI Song tao', XU Qngyu', WAN Fangyi', ZHANG Xiao long’
(1. Architectural Engineering and Mechanics, Xi’ an Jiaotong University,
Xi’ an 710049,P.R.China;

2.Xi’ an University of Architecture &Technology, Xi’ an 710052, P.R. China)

Abstract: The influence of labyrinth seal on the stability of unbalanced rotor system was presented.

Under the periodic excitation of rotor unbalance, the whirling vibration of rotor is synchronous if the
rotation speed is below stability threshold, whereas the vibration becomes severe and asynchronous
which is defined as unstable if the rotation speed exceeds threshold. The Muszynska model of sea
force and shooting method were used to investigate synchronous solution of the dynamic equation of
rotor system Then, based on Floquet theory the stability of synchronous solution and unstable dy-

namic characteristic of system were analyzed.

Key words: nonlinear vibration; stability; seal; rotor; shooting method



