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Abstract: The nonlinear character of a rub—rotor system with SFD is analyzed in this paper-.
It was found that with an increase in the rotating speed, the amplitude of the system response in—
creases in the end. In such a process, the max amplitude of the system response several kinds of
changes. Sometimes it increases, sometimes it decreases, and sometimes it keeps constant. It also
was found that there is close relationship between the period solution bifurcation and the max am—
plitude of the system. At the bifurcation point, the max amplitude of the system varies intensely.
SFD has an obvious absorber effect of the system. But when the parameter of SFD exceeds a cer—
tain value, the variation of this parameter hasn’t any obvious infection on the absorber effect of
the system. And the friction coefficient of the rub has a good effect on the absorber effect of the
system too. A large friction coefficient can make the system to work more steadily. But some—
times, a smaller friction coefficient can play a positive role for the absorber to. An imbalance coef-
ficient influences the max amplitude of the system greatly. T he higher the coefficient is, the larger

the max am piltude of the system. It also was found that keeping the system under period solution
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state can make the max amplitude decreasing.

Key words: rotor; rub-tmpact ; SFD; period solution bifurcation

Jeffcott
[2]
[3] Jeffcott
)
[ 4]
[5]

( )

1 1

mix1+ cxi+ k(xi—- x2) + kaxa
= fu+ mg
m1y1k+ cayr+ K yi— y2) + kayr= [

maw2 + k(x2 — x1) = maeWcosWr +

m2g + hx

may2+ k(y2— y1) = moeWsinw + hy

—

o T ™
& 5
A B
5 ]
1
Fig. 1 \Sketch map of the rotor system
, ml,m2
3f oo fo X,y
3 he,y hy X,y
se, W 5cl
T=w , W= £ , Q= L
m2 (3
Xi= yi= &
c c
i= 1,2 U= % | K.=E
c k
a_ m ‘-’_ i
T om2 — dw
, C ;Fx,F),Hx,H)
v 2007 Xi- X» KaXi oy
ot wgd T T @
. 2T Yi- Y2 KaYa
Vit "9 g ot B
Pe XZ&XJZ

Ucos(T+ ¥ + %+ H .

Y. - Y

Y2+ g = Usin(T+ ®) + H»y

sk, ki



599

5
’TT 2
[6]: 3
F.= [Frcos(® - Fisin( ] RungeKutta
. 27/ 2400
Fy= [Frsin(® - Ficos(P] 500
: Poincare 100 10
F. = 2—£(eﬁz+ a?Pn) 20 :
Br = 0.00032 , Ro= 100
Fi=- 2_5(61']1+ a¥Ts) G = 0.11 < 107°
C= 0.4 , o= 0.1
_ uR.L® ,
T nwd
‘B » H ) 21
R. L T= AT L ATE 500
) .
sinBc0s0 5
Iv= (1+ 610059)3019
2
- —s® 4 J
_f(—1+ 61‘3056)2 R=> max X1+ Y3
°°>[>l0
9 -2
sin” 0 7
I = (1+ 61«:059)3(19
31
0 = sretg = o €= \Xis Vi
aeP” >
v 2(a) (b)
11 2
P= arctg Xl 6= 6+ 1 ( )
. e- 96
{H}_ Hie- &{- K S5 2
) :0.9 1.37,
[1 —1 Xo Q@Il - fﬂ 1.46 1.9 2:0. 82
n 11|y eQln | 1.27,  3:1.27 1.46, 1: .46 1.9
X2 B YI) X2 2(c) (d)
Y> TQ Y2 ( )
e= Xi+ Y3 :0.67 1.11,1.19 1.76
: :0.68 1; 2 :1.0
y_ R X3 Y 1. 19; :1.19  1.44 3 :1.45
e Ut g 1. 61; 11,62 2.79
5 2
N T o
ci k c1
) _ R _ Y,
o= . Ro = . U= arcth2
by ;0 1 (1) ( )
; Bi 5 Cay Cf (2



600 17
l.-1|
! | I
i 0.8
- s
1 0.6
‘ 0.4 1
= 0] 0.2
= 00
0 1-;! / 0.2
! /,_I | -0.4 v
n_r;| - ’ x N = | 0.6 .
0 0.5 ! 1.5 2 25 3 0 0.5 1 1.5 2 2.5 3
2 (9.
(@) SR AR S B i L fe C RSB ) 1Y) (b) 5k XLIH
(a=0.1.W=0055.8=04, K, =045,5=0015, U=03.8=014.n=0.11)
! 0.8
!'_ 0.6}
1.6
g / 04}
' 0.2
= L2 | 0.0+ «
| - -!J.3]| v
0.8} "‘“f
0.6 | |
_u.s‘ ‘
0.4 . a1\ 10! > _
0 0.5 1 15 Z 25 fr 0.5 L5 2 2.5
Q Q
(e) Ak Ao 2 el FE P P e 1L R4 O fRER ) [ (d) 73 L1
la =01, BW20055,5=04, K =0.65,5=0015.U=03,8=0.11,n=0.11
2
(o= 0.1,W=0.055,0= 0.4,8= 0.015,U= 0. 3,7= 0. 11)
Fig-2  Variation of system response with rotating speed
3.2
3 , (N< 0. 05)
, TN=0.05
s 3(e f
7 3(a) (b) (e ()
N< 0.218 ’
s 0.218 (e) (d)
3(g  (d)



601

0.63
0.49
i 0.48
0.47
0.46
0.59 ] 045
0.4
0.43
0.57 1 042}
041
0.55 — . 0.40 .
0 005 01 015 02 025 03 035 0 005 oI 015 02 025 03 035
n n
() F7% I o o PR A 2 T e P (b) 7314
(a=0.1,W=0055,8=04, K, =125, E=0015, U=03, 2=05,8=18)
0.9 Gt
-
0.85¢ 1
il -0.05
0.8 1
0.75 1 £0.15
0.7 >
‘ 025
0.65
-0.35
0.6 _ ~
0.55 . ) . ) X -0.45 x i "
0 005 01 045 02 \025703 035 0005 01 015 02 025 03 035
n n
() J K e ot 0P R OB (L (d) 4+ 3P
(@= 0.1/ W=0055,8=04, K,=125, £=0015, U=03, Q=16.8=18)
0.9
0.89
0.88
0.87
B~
0.86 +
0.85
084t
0.83 0.7 ; : e
0 005 01 015 02 025 03 035 0 005 01 015 02 025 03 035
n n
- . , %
(e} oA i ot i A R h 53X

la=0.1,W=0055,8=04, K =125, E=0015, 2=26,B8=18)

3
(0= 0. 1,W=0.055,00= 0.4,K;= 1.25,€= 0.015,U= 0. 3,B= 0. 18)

Fig.3 Variation of system response with frication coefficients



602

17

09
0.85f

0.751
0.7}
0.65¢
0.6
0.55+

0.6
045

0.05

(@) BAHRIE B AP A5 EE L

0.1

015

U

02

025

03 035

0.6

0.05

015 02

(o) XA

(a=01,W=0055,8=04, K.=125, £=0.015, 2=05,B=0.18)

0.9
0.85f
0.8}

0.75f

0.7f

0.65¢

0.61

0.55}

0.6}

0.45

i

0

3.3

(©) BRI IE B R E A SR

005 01 015

0.2

U

0.25

03 035

025

03 035

0.7

0.5

015 02

(d) XA

0.25

(a=01,W=0055,5=04, K, =045, £=0015, ©0=1.8091, B=0.18 )

Fig.4 Variation of system response with imbalance coefficients

4

(o= 0.1, W= 0.055, &%= 0.4,g= 0.015, B= 0.18)

03 035



5 603
09
0.6
08 0.4
07t 0.2¢
= 0.0}
0.6F -0.2
-0.4
0.5+
L -0.6
04 R -0.8 ‘ . ; M
0.06 0.12 0.18 0.24 0.06 0.12 0.18 024
B B
(a) B RHR 18 B TS PO LA (b) 53X F
(a=01,w=0.025, 60= 04, Kf=0.45 , £=0.015, Q=0.1350,1=0.11, U=03)
1.3 -0.1
i1 -0.2
-0.3
0.9 04}
¢<
0.7 -0
-0.6
0.5
L -0.7f
0.3 S e 0.8 L
0.06 0.12 0.18 0.24 St 024
B B
(©) B AR W i e I S AL I (X E
(a=201, W=0.025, 50=0.4 s K/=0.45 , £€=0.015, Q=2.8091,n=0.11, U=03)
5
(o= 0.1, w= 0.025,%= 0.4,K,= 0.45,5= 0.015,1= 0.11, y= 0.3)
Fig. 5 Variation of system response with the parameters of SFD
4o (d) :
D U> ’
0.285 ,
4(a) :
2
)
4
3.4



604 17
, 2] :
[J]. , 1998, 13(4): 361- 365.
[3] Adams M L, Abu-Mahfouz I A. Exploratory Research on
’ Chaos Concepts as Diagnostic T ools for Assessing Rotating
Machinery Vibration Signatures[A]. Proceeding of IFT oMM
4 International Conference on Rotor Dynamics| C]. 1994: 29
- 39.
2
[ 4] Ehrich F. Obserbation of Subcritical Superharmontic and
Chaotic Response in Rotordynamics| J]. ASME, Journal of
Vibration and A coustics, Jua, 1992, 114: 93— 100.
[5] , , bl
,2000, 15(2): 191~ 194.
[6] —
[D]. : , 1988.
[1] [J]. , 1996, 36 ( )

(7):52- 57.



