%34 % % 5 M B ¥ # Vol. 34, No. 5
2002 4 9 F ACTA MBECHANICA SINICA Sep., 2002

ISR - FEETFRSE S5EEY

Faig Bfod#
(RHER TR TR S A TS B 54 AR A5, K 116023)

T B9 AR sh B AR SO Jeffcott ZRPERe T REEMsh IRePE, L, P47 .
PRI, BEEEAEHISE, R Floguet Fe-r A 5 504 00 Rt taett, il Lagrange #i
ERABUNES M RSuash R E S TN RSN RITEE, Bor R8T 4 T2 &%
YL PR A B A e, DL A, TR Hopf A0 RMIMELR. H3h
i T BB PR TR FVES ok  RL AR v B R SR A T RO, SR W sl S el B TR 1y 5 B

SHiR EPRE T, ohARMBE, BBy, A, R

Ell

il 1

UTEE KB TR PES 122 1 BB, A5 258 T R4 IR PEWF ST © A K B OCHR L T, Li
il Taylor 11987 057 T RIPER: 7 - BFIE BB R 8% B4 19 1ER i85, Zhao Fl Linnett? 1994
SERPRPERE T - B IR RS B R P A A RS s P S BT THESE. Zheng il Hasebel® 1999
SEA B ST T RA RS AR PR R R TR AR s A pE. SOk [4) R 30 ey
BOHR, SCiR (5] AEhAS DRI R, B MBI T R - NIk R 402 R P
P, 5 o Es SOBLA RIS, SRR, IF A o LR i S

AJCLEhE R HR - BEETFREEAT AR, FAFEER Floquet SR8 ¢k
T 30 e 2 SO 0 SRR . BEX R AER AR, SR Lagrange S BCRRS 40 BLS %
RAG WM, HETHOHBE, Poincaré BLHHE, 4B T RGN 2R
PEAFNRMMER, 518 TR, RPMR, BB, BESSERSENEm, B
VX HABMS. SRS« BRI BE S RIEFT T LB, B T bR o Bk,

1 e REaBREs

—~ e [ [ 4 BT A me B9 SRR Bl Jeffeott Hﬁr
e, PIWREREmMEhA L, REHER

FERTE 1, HRAEREEREmE T, R B 1 BAEAR -Jeffoott FHER TR SEAURI
B 09 G B Az sh i TR IR Fig.1 Flexible Jeffcott rotor system model

X ap X 1 X -X cos(T) G
e - —U 1
0 R £ S SO 8 i SO B

2001-06-25 dFH—Ff, 2002-03-12 de3) 2R,
1) EFESE PG ROCTIE (19990510) #H).




828 | f e 5 i 2002 & M E

1] A=A Fx
—_— =2 ].h
ﬂz{l’—ﬂ } {F} o

FaR A X, Yy oy R WS R AR, XY RN A, De 5HHLE
b, GAZLERMES, o AHKH, o, AFTREN -MRAFEE, 0 AFHEK w/w,),
AFTEME (wt) , Fx FFy RS AL TR M B

F P ¢ =[x . .
ol B(C V4K ! ) , B =6pLR fmQw, s
Fy Y Y

§ A EhES R BB, hEEEE, LR R ARSI RERE L2, C BK A
168 A7 G S B TR B, WIRE R, R WLSCHR [4]. JRR4L (1) B4 —Br plsr Rl 5 R R B R

w= Hw+ g{T,w, 7) (2)

He w = (wy, wo, wy, wa, ws, wg)T = (X, X,V,V, XiV1)T A4 (1) fiEshRETE, W
og(rw, Q) St Ba ST A, RAEEMRE. R RKM AL sl Bl a2
Lagrange = Wil R8I 3: O | R4 7 = 7oy = 7 + A7 B RYRR

Wiy = T{wy + H™! [ro + H Y ry+ H ' (2ry + ﬁH_IT‘:E:‘)]}—
H ' ro + MAT + 12A72 + 7307 + H ' [ry 4 2r0A7+
3rsAT? + H Y2 + 6r3Ar + 6H 'ry)]} + O(ATY) (3)

ri(j=0,1,2,3) 2SR B g,(r,w, 2) FaRE, BT =op(H-A7T).

EARL A TR S RO T B9 R IRSE (1) BRI, FHFA Floquet BH g KRG b HEHE
MREEEE W(T) , "B W(T) BFFER A BIOU R AR R Floquet 3R, i#iid £ T Floquet 3@1 |\
A7 T AR b B e B AR, BT e SR A R et R ERsE ). B 2(a) BoRT De =011,
po=>568 x 1077 U = 0.1,0.3,0.5 B || BEE#EEBLER, 40U =010U=03, F4H
HHREWE, N DX EIAER R i |, AR o 2 Al REsh, s
Hopf 439, X FE BB ARERA. MY U =05, RERTE 2 =281 BAENEY S
Sh, FE Q2 =0954k, A W (=1,0) BEFEFE AR, RGBS, 2 =10 nHiSE
b EshFE AT E 2(b) , HfR U =05 AR 3602 B &SEN 645 R MEs, Thl—ei
F) 0T 5 0 5 380 T R 4

0.0
00 1.0 2.0 3.0 4.0 5.0
i

(a) (b)
142 £5 Floquet e 5 i S0 F BULCo-LE
Fig2 |A1| V3 2 and the trajectory of shaft center plot




£ T UL - shde B - FEPRRE 0 A S IR 829

Bl 3(a), (b) 45 T 2 = 2.9(U = 0.1,0.5) WA 0% A48 0052 50 oS J, AT OR, ol
KRR, U ROWEIMIE B XU B0E S B 0 R, RO I

1.0 Lor
0.6 0-5:
0.2 0.2
:';—u.z " 0.2
—~0.6 =06
—1.0 -1l.0——
—1.0-05 0.0 0.5 1.0 —1.0-0.5 0.0 0.5 1.0
¥i ¥y
(a) 2 =290 =01 (b) 2 =29,U=0.5

M3 s Ll
Fig.3 The trajectory of shaft center plot

2 SYTEARGDH AFHIERE

RGEATFAE— T ELA R Co 2 S IR W s 20 B 7= 2, T A SR o vt Rl SR R R HOR AR, B
REATHAAMEEN. WRU =0, REAKRGHEZAT, Hlsr Ok R B8 5 74
s, fEMBARARE Hopf 5205, REHFERAMESD R U #0, REASHE—E
VI A TE RS ia ), TESEERENEA, Rz Tae Rk a®. Tt xRS
ST SR D, o, 1EBIEH) S H0 HE A BT R G R SR AR PR R IR .

WEHU =03, p=>568x10"", A L5
B D, ¥ D. = 003,005,018 [\ 5 2 o HT

HIR R KL TH 4 F, 7R HBRKE D, A

|4

I\

.
[
| ‘ |
o R i |
TR
oo =
2 - =
o [VE]

R W42 RAT IR PR, e A AR S e 0.5

HEAE#SE. D, =003, D, =005/, 7 0.0

GRS ARE. D, B, WS o " o
A, HIETRE AR U REA D, P —
REZEEE BB R 4%, B Poincaré Figd |Aq| VS 2

R PR A P R R P 4 B9 R, R D, = 0.03, Bl 8 R Floquet 74
BN SO R, 8 5(a) B 4100 LR THE 0 = 1199, TSt A IR0 4190 1 sUIEA D

1.0 0.8 « shaft center
g e
o5f  ligaiEn | {HI I _ a7 .,
o I TEE Y l!l l-: ‘. b
£ 00 !.I‘ ::1 o ;‘_., 0.0 ‘{. ‘l%
— i e b ~,
“e) i |||I||§== R,
-1.0 i -0.8 = .
119 1.21 1.23 Sy 00 04 0B
i )]('.'Li ]
(a) srdhmE (b) FEHE M) Poincaré BtifE
(a) The bifurcation diagram (b) Chaotic Poincaré mapping plot

HE 5 4 ERE Poincaré BPE
Fig.5h The bifurcation diagram and chaotic Poincaré mapping plot



830 | f e 5 it 2002 & M E

XEE, RIS AR B OREN 16 A, 2 2 = 1.2817, REEHALFMEED, B 5(b)
20 = 1.2 Bt RS R Poincard gt p

A0 =12U=03, % D, {E&EHSE, 1Ep=1.68x10"" plmipibi D, 481052 P,
Wi 6(a) , ATELRER D, 75—~ THIHE (threshold) , fEMBHELT, FR40 R HF 5 ARy
PE, BRAE R AL Rz sh A, AR 5, 7, 9 HRAMEsh, HEEEM 16 HO, Al #
% A4 R AL i R P A R, ZE TR b, BES e RISE WEsh. ¥ D, = 0.029 B,
TR Poincaré BLGT P25 T 6(b) , X2 M 5 4553 8895 78 7 1.

1.0 . Lo
08 . D.5F -
2 5
= 00 = oot M
b > '
—05 —05F -
-
—10 -1.0
0.02 003 004 005 —1.00 U‘-'JU‘_ ) 1.00
D ¥y [T.l.'_! )
(a) ¥ HE (b) Poincaré B:44FH
(a) Bifurcation diagram (b) Chaotic Poincaré map

M6 s EE Poincard B4t
Fig.i The bifurcation diagram and chaotic Poincaré mapping plot

RN=12, U=03, D, =004, BHEERY p EHERNSE, ERFE0 5
P, FREAE p = 1.526 x 1077 D[ THEA, EMG (LT AR FEdDl b aEsh . A 08 o a2 5 A i
iEEh. M =085 x 1077 | & WER 49— Hopf 404, 2843l mizEsh, WHE 7(a) , Ed
Poincaré MBI 4 p- 37 BB ER, o= 0.768 x 107% ~ 0.73 x 1077, ERTAIEZE & = = ¥ Hopf
a4, FEIRME S, WE 7). kel W, REEshH &R MES R aR,
Hopf 4318 M IR FE K BA & F2. o £ THE (8 LA B 24 R4 3 e 5 42 1 JA 3032 .

0.4
03 0
0.2F

0.1F

i = 00
0.0 ' o1
—0.1f —0.2 -

e LI S — -0.3

Xi{nT)

0.20  0.30 040 0.20 .30 0.40
Y]{.'iT] }]{J;I]
(a) 4615835 =h (b) Rk i=5h
(a) Quasi-periodic motion (b) Chaotic motion (u = 0.073)

4 7 Poincaré B4 4
Fig.7 Poincaré mapping plot

3 titfngie
AR A RSP S8 505 R A shAS FIAsas wh I Ty i Ah BLAY 153 i il B R e 2l 0.



£ T UL - shde B - FEPRRE 0 A S IR 831

FITEL, NFAIFH U B/ (U=001) @IF0LT, WASURERE O 238, HEE U
s, FEAW PR RER  Q R EUT RS, ShaRmE Y 0. K TR A B
RIFFRE U B3I be /i, 5 3CRR (5] o 195 82— 3.

#F1 TR U TihscfaiEiEt 2
Table 1 2. for different I7

I 0.01 0.05 0.1 0.3 0.4
steady model §2, 1.60 1.583 1.52 0.84 0.66
dynamic model 12, 1.60 1.589 1.61 1.81 2,18

PRI S 7, AERENSEBEEHE A, WP T s B - AP R S TR 5E80
JRERREE v, AR YRR, BUfE T AT a4 RN R 4 2 LUR 3R SR S B e 3l e Pk,
XA Floquet e FEE MR KERMBEITHEVNRGEE - ENSEEEARAFEENE
SePEdrtE, ACCURBME R MGE, AR B R RS TS, MR
FEEAK, ARG AR 2 iE shatl RA MBI 1EH, sed sl B AR .

2 % x W™

1 Li XH, Taylor DL. Nonsynchronous motion of squeeze film damper systems. ASME Journal of Tribology, 1987,
109: 169~176

2 Zhao JY, Linnett TW, McLean LJ. Stability and bifurcation of unbalanced response of a squecze film damped
flexible rotor. ASME Jowrnal of Tribology, 1994, 116: 361~368

3 Zheng TS, Hasebe N, An efficient analysis of high-order dynamical system with local nonlinearity. ASME
Journal of Vibmtion and Acoustics, 1999, 121: 408~416

4 Zhang Wen, Zhang Huisheng, Xu Xiaofeng. Study of general nonlinear formula of oil-film force acting on a
journal with unsteady motion. In: Asia-Pacific Vibration Conferences, Korea 1997, 9~13

5 B, O — PR AR BB Y RURER T 0 A MR A B deEh TR, 2000, 13(6): 247~252 (Xu
Kiaofeng, Zhang Wen. Bifurcation and chaos of rigid unbalance rotor in short bearings under an unsteady
oil-film foree model. Journal of Vibration Engineering, 2000, 13(6): 247~252(in Chinese))

6 BRI, Ttk BEAL MBI R B R ICRE, BRI, 2001, 22(3): 303~308 (Lii
Hexiang, Yu Hongjie, Qiu Chunhang. An integral equation of non-linear dynamics and its solution method.
Acta Mechnica Solida Sinden, 2001, 22(3): 303~308 (in Chinese))



832 | f e 5 i 2002 & M E

THE BIFURCATION AND CHAOS OF THE FLEXIBLE
ROTOR SYSTEM WITH DYNAMIC 7-OIL FILM
BEARING SUPPORTS Y

Yu Hongjie  Lii Hexiang
( Department of Engineering Mechanics, Dalian Unsversity of Technology, Dalion 116023, China)

Abstract The dynamics behaviors of the Hlexible Jeffcott rotor system supported by unsteady
short dynamic journal bearing are investigated. Based on nonlinear unsteady-state dynamic w-oil
film force model described by three functions the local stability of the periodic solutions with the
controlling parameters, rotational speed ratio, imbalance amount, damping ratio and viscidity, is
predicted by using Floquet multiplier. It is found that the period doubling bifurcation is caused by
a certain imbalance amount and the Hopf bifurcation is created by the lost stability of the oil-film.
By means of the precise integration method with Lagrangian interpolation the trajectory of the
shaft center, the Poincaré mapping and the bifurcation graphs are given numerically. The results
predicted by the Floguet theory are checked and the long term dynamic behavior of the system is
predicted. It is shown that the system has rich nonlinear behaviors at some combination of the four
parameters, for examples, multi-frequency subharmonic resonance, as well as chaos phenomenon
from doubling bifurcation and twice Hopf bifurcation. Using analytical and numerical methods the
local stability, the bifurcation and long term behaviors of the imbalance rotor dynamic system are
investigated in a wide range of various parametric configurations. It is concluded the results show
that the results of both of the two methods are the same for analyzing local stability of the periodic
solutions but after the bifurcation of the periodic solutions the dynamic behaviors of the system
with the parameters changed only can be analyzed by numerical method. This is the limitations of
the Floguet theory. Combining both methods some suggests on the design parameters of oil-film
bearing-flexible rotor system can be offered. Comparing the results for the dynamic cil-film force
model to for steady the rationality of the dynamic cil-film force model is noted. The computation
results show that the more the imbalance amount, damping ratio and the viscidity, the more the
no-synchronization motions of the system will be restrained. The rotational speed of the oil-film
lost stability is increased.
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