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ABSTRACT

Rotating machinery has a very important position in machinery, power,
communication, aerospace, space technology and so on. And it is also one of main
equipment of pillar industries in national economy. Along with the development of
production and the progress of science and technology, research on some problem of
nonlinear dynamical behaviors of 2 rotor system has evolved to be a top point in
related fields nowadays. In this thesis, the analytical formula of the unsteady oil-film
force of the finite journal bearing is obtained by variational approach. The nonlinear
dynamical behaviors of the finite journal bearing-rotor are studied by using numerical
simulations.

The motion characteristics are analyzed by phase diagram, bifurcation diagram,
Poincare maps and spectrum analysis. Results show that at a specific parameter
combinations, complexed nonlinear dynamical phenomena appear with the variation
of system parameter, which may serve as a reference to solve the problems in the
practical engincering systems.

Firstly, the analytical formula of the unsteady oil-film force of the finite journal
bearing, is cited in this thesis. In addition, the methods for the research of the motion
characteristics of system are introduced.

Secondly, based on the theories above, the dynamical model of the finite journal
bearing-rotor system is established, and the motion differential equation of the system
is sovled by using the Runge-kutta method,and in the different length to diameter
ratio,bifurcation diagram, as well as partial phase diagram, Poincare maps and
spectrum analysis about dimcntionlesé rotating speed, dimentionless mass eccentricity
and synthetical parameter are obtained. Results show the various forms of periodic,
qusi-periodic and chactic motions.

Thirdly, the motion characteristics of the finite journal bearing-rotor are
investigated under the consideration of oil-film force, together with rub-impact, and
its motion differential equation is solved by the Runge-Kutta method. In the end,
bifurcation diagram, partial phase diagram and Poincare maps about every parameter
concerned are plotted.

Finally, the results we’ve obtained are summarized in the end of this thesis. Also
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some creativities as well as existing problems are pointed out.

Key words: rotor, finite journal bearing, rub-impact, oil-film force, variational

method, bifurcation, chaos, nonlinear dynamics
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g ==,
r(8) = h” sin(f ~ o) (2.13)
oA R BAR (2.4) 1 (2.5) 8l Pl MBEEE, FREMA
BREHaagER, FBIES
r{8) = k" sin{f — a) (2. 14)
Kb, A2k, n ARHEE. ¥ 2.12) A @0 78
I@)= [\ )+ dg N -, [ gt (2.15)
Hrp

d, = f B ri8)ds
d, = f*"‘ B 1 (0)d8

dy= [ 1 -re)ae (2. 16)

2@ (2.15) B35 Euler FIEH
d,g"'¢)-dig({)=4d,,

g(-A)=g(1)=0 (2.17)
KR
£(&) = blcosh(kA) - cosh(k( )] . (2.18)
Hep
b= ——gleosh(m) (2.19, 2. 20)

1

B (2. 14) F (2,18 RAR (2.12), #HiEB<B -5, F

g = B-[cosh(kA) - cosh(k{)] - A™" sin(@ — o) (2.21)
HpEHB A o BFHOTESLERE.
Bk 22D KA @D, #

J(q)=—§82 -B:D (2.22)



Hep
C=cd +c,d,;
D=, (2. 23)
Rehd,d,,d, 1R (2.14) RARK (2.16) 5ill, EflEnHX M
o=[ 8
¢, = [ g()dg
&= [ g (2. 24)
B4, OO0, FTTFR (2.22), A
D
B=_ (2. 25)
i, BUFR/ME:
_D'(n)
J(n) = 360 (2. 26)
FRLAYZE Bk ME T (2.6) F¥ARHR /Mb i
5k n
m"in J(n) (2.27)

#2280 I (2.27) Fiki848 B B n AR (2.2D) EIEREELN
(2.12) BXTFABHMAEASAH. BT EQRMEERMERIE, MTTEEHE
BIENSABERT AR, SHEMAMBIE S 44 B n=3, B2xHRKHE
WA n REAH A MR, BE 0 5 ANERRENRRIT ZRUE, AR
—HERE

n=0.50544 —~1.56091 +3.1143 (2.28)

KREMBE D A HERECEM 0 hBET. TR BHTERLREHTH
PR B ) A A B R (2. 21), 0 B, n 2B (2.25), (2.28)
AT '

S A T T R4

Al sin@ _ LN L4
{f:}_gp{cosg}dﬂugBE K" sin(8 a){sing}dﬁ (2.29)
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R A A R T E R

7 _ | Gz | g
{f:}w (‘-’12 czz){ww%)g} &
BRI (2.20) WA, ROTUGHSASROIERA, LR
{Cu ﬂaz}zclgfwh_n[ .00529 sin-giosg}’g (2.31)
¢ €y sinfcosf  sin” &
2.3 KREXBHMRAZ

U7 -HRARYEFREHERERTERHEARSE. BRYERR
MIESEEBRSIAFET R, TS AR ET UL A EE Ty
EFET T ER AR, B FES THamiton RE X EHKAMAE R, RE
FRBARG S, £ EEERANAnY BE M THARETEFTTRREIT.
Melnikovi%, SmaleDFFEH%. EHFRTFERTEREERGRINEFT
EF#UNATIENE. BETE —-REENARERE. SEFERE
AR AT H, BHAEHARNKREERRE. S—MREARAAE#ES
BRTINFHREENATRRLEN, REERPHOEETRE UM
BE)FURMEShRENIES), HNFRES AEKESE, XNFELMTRRTZ
M ERIER 7. —BREA AT HERETETESE:

2.3.1 BE

MBS FERRNANRE, HENREHE &R
®. XTHEREINEFZIRE, REFER: #.L008 ., AlEan
L) Az, EHEEERIA, £d—2KeEUE, RA1EEBGES)
ST T 1 BKABEMNE Ak, EAEFEIEXBIGEEIREEIESR
MERREE).

2.3.2  Poincare BREIFN Poincare S HE

EE R G HIPoincare B ] LR R AGABR LM FMER . PoincareliE L
HIGL R B B (O A, FiERA AR LA aRsiE
RREMAYNENKES), BAREHHRIEEZES. BT Poincare®, #HF—
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M ESRRA G B EEE, 2 3EARAALE, 8EPoincareBiE
FI—A . WRAGWRY R, MK Poincare B A HI A HARGIE™
W0 R BREE) R, PoincareBil LHIFFH RBESA—1H. BRSEAY
Kizzhef, Poincare b RKAIIH A, B SIGLAE . MERGEEM
RHEzhE, Poincare B 2 A ML . WRARLWNGIRITIES), Poincare
E T fE 20 A4 BB A E, TR ENRLUZERNOERER.

2.3.3 HXE

SXBERURSERENS XSEHBELEZE, RERESEEMSHENE
the  EERGURR L EETMMNSE, HEAREE BN TE-SHE
AL N EE AN LITR. HREFEFHHNAMENR, o0 XE ERI XN
—ASEHEIFE A, AEERURKSERERETEARES.

2.3.4 IhE¥x

WA RARBEN—NEEFH. RiEFourierdth, EFE—TRARATH
FASESNK (t) #F T BB Ak Fourier i 4. 7ESMEE ERIABAM A LiIEL. T
T e AP ES R RN (1), RARE HFouriertisy. EESMEE EEI
AR, WTRMZE), BEAFNEMIE, Hahkriigs, XH
Bt R B 2R E IR, T LUBEALL AR XK A . « Bk i TRUR SR IE B AT 4%
HEEGLEL, BT BE N UK SRS ARE.

ok, EHNEGREME. Lyapunovia . S84, SEHETRE
BB % (kolmogorov) 1 LA R IR 5% .
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B=F HIRIEHR N Jeffeott 2271
HEER R4

EF_ETPHARESTHEERTHEREMARBAOBRER (2205, K
(2.30), FEHRABA AR H REHA W Jeffoot BT HATIELREDI

3.1 HREHA—RIE Jeffoott ¥FRGRI BN 1 2 4EE!

2.1 A8 F RERIESIWUA HER:
m¥ = meQ? cos QU + f,
mp = meQY sinQt + f, —mg 3.1
R n AETREZF, e AETFRERL, QAMRINENENHER.
BT RBMS I IES £, fAETERV,
AEERARENERE, NTAFENFENEX BHRE 3.1 LER
. EXTEHBWT:

EN
Q8 Q5

X=_J§": Y= J; s Fx=l§'—’ Fv=—£—’
& Q%8 S i

e 28 o ,uQRL(g_)Z(“é_T
8 Sg’ w \&,\2R)’
fi| _(cosp —sing)[f,| (cosg-f, ~sing-f,
f,] lsing cosp JIf] \sing-f +cosp-£)
{f;}=__(cu 332) . 'él ’
1 c; Cp (¢"*§‘}8
2 .
Ch =€3Bf P .cos 8 smé;:esé? g,
€y ©n sin@ecosd  sin‘ @

_ |28 B
o= . —JE, o= (3.2)
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