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Fig. 1 Mechanical model of a flexible misaligned-rotor system
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Fig. 2 Orientation of the misaligned coupling

[FRE e 72 58 7 DS ETRYARAR W] LLSRR
%y =%, +cos(; +wt)
{yzj =y, +sin(¢; +wt)
L2 EEhAE
H1 TP AT AN X i A AR e 1 2 TRl R L A%
A EME ), HAR KR AT LARR N
S5, y5,%450,) = (2 —x4)2 +(y; _9’4)2 -6=0 (3)
BTt e e, FaOh— S8 BAROC R, K
{x3 -x, =6cos¥

(2)

Y3 — ¥4 =6sinW )
Horfry HAA BB M P3E X ERWA T 02
5 x Wiz g £

FIALRAREM, IO ERE E AR R T RS
B AR N g = (205 305 %2y Yoy %y Vs X5y ¥ss
Xe, Yo, ) MBI RG I SHREFFHAREFR AN

T:%m[xlz +5, 0]+ (% _6¢Sin‘p)2 +
(7, +8¢COS‘/I)2 +9'c42 +5/42 +5€62 +9./62} +

%ﬂﬂ(%—aﬂﬂdhf+(%+aﬂmﬂyf)+



32 /IS B S|

2014 445 12 %

(5 —aQsin(Qt +B) ) + (75 +aQcos( Ot +

1 1
B+ 3,0+ L0 (5)
1 > 1 2
U_Ek](xl_x2) +7k|(y1_y2) +
Sk =) ks (g =)+
5 2 Xy —Xs 5 2 Ya = Ys
1 , 1
ki (%, =2, —8cosyp)” +—k, (v, —v,
2 2
. 1 1
651n1//)2+7k2(x5—x6)2+7k2(y5—y6)2+

%_2}1@[964 +8cosiy + Rcos(¢; + Q1) —x, —
~ .

N
rcos( ¢, + ) -8]7 +%_21k,)[y4 +Ssinys +
-

stin(goj +Q1) -y, —rsin(qu +Qt) ] -

mg(x, +x, +8costy +x, +x4) —

Mg (%, + acosQt + x5 + acos)t) (6)
RGN MR T BN TS S 0 =
(F,, F,),j=1,3,4, 6 #tifif%
TR IR B R G s sy I A

2 2% Lagrange

mii; = k(% —x,) +F, +mg (7)
mj"l:_k<y1_y2)+F1y (8)
Mi, = —k(x, —x,) —k(x, —x, —Scosiy) +
MaQicosQt + Mg (9)
My, = —k(y, =y,) —k(y, —y, —bsingy) +
Ma€)’ sinQu (10)
o —k(2x, +8coshp —x5 —x,) + (Fy +F,.)
mx, = 7 +
o con | 8y s, (i

o —kQy, +8singy —ys —y,) +(Fy +F,)
my4 = 2 +
S > sinyy _51!/”(3051/;
> 2 (12)
Mis = = k(x5 —x,) —k(x5 —x5) +
MaQ¥ cos(Qt +B) +mg (13)
Mys = —k(ys —y,) —k(ys —y¢) +
MaQ¥sin(Qt +B) (14)
mi, = —k(xg —x5) +F,, + mg (15)
mjs = —k(ys —ys) +Fg, (16)
—k(ys —y,) costp + k(x5 —x,) sings
g = e +
2k, (Asingr — Beosyr) — (F5, = F,, ) sings
+
mo
(Fy, —F,)cosy (17)

mé

Z dcos(if) + Ricos(gp; + Q1) —
rcos(¢; + ) - 6]

Z [8sin(¢) + Rsin(g; + Q1) -

rsm(d) + Q) - 6]

F Fy(j=1,3,4,6) 53 51 T4 1 fide 12
By 4 ARl RAR R AP I TE « 0y J5 1) A
Tt Ay [ 28 04 56 0o B85 B A TR 58] 2 - B2 ) )
URJCAR ; Q NEE TR ;6 -FAT AR R ARYE
SCHRL 13 ] Bk 5 ) 23k 2, >R AR b R AR 3, 24
FASREE 7 (] A AT AR i & I, HAl g g 4y
AR

F,, =F; (x, +8cosyyr,y, +06sing,

= &singy 7, + Sifcosif)
Fy, =F; (x, +8cosiy,y, +8sinyg,

- 8sings , 7, + Scosy)

1.3 TEMEHHE

R FTBIFTE A N A B Tz i A, R
T Sh AR BRFAE ROSE — B AR A TR] BT ¢, il 3 58 o
itom, ] R TTRR(T) ~ (17) AT e 494k,
G ATC S 5

X, =x,/c, Y, =y,/c,n=M/m, a=a/c

A=6/c, K=ke/mg, K, =K,C/mg,

Ju=Fn/mg, fi, =F,,/mg, . =F,/mg

fu =F,/mg, Ej =R/c, r=r/c, 7=,

(18)

C/g’ i=1’2’.'.’6’j=1’2’.'.’N’
k=1,3,4,6
I du/dt = &, dx/dr = x", -, W TS89 )5 112 5))
JitER
" K f'x 1
Xi= =S(X, -X,) +75 +— (19)
w 0 w
, K
Y, = _E( Y, -Y,) +f‘ly (20)
, K K
X,= -——X, - X)) ——=(X, -X;) +
nw nw
acos(7) +L2 (21)
w

Y, = —Az()/2 -Y) —LZ(Y2 -Y,) +asin(7)
nw nw
(22)
KO, +Acos() <X ~X) + (i +a)

4 =

20)2



51 ZEANIEE . A A AR - R T R ARSI 1 AT N 33
Aycos(¢p) | A sin(h) oL (23) TR K, =15.0, B4EHTAE n =100, 30 A =0.1
2 2 ® FRAKS B R B 432 — , BRI A
_ —KQ@Y, +Asin(y) Y -Y,) +(fy +) | b L. A5 RS SIRE JlLo58  Poincare (7

t W R Lyapunov HHOWHIE RECRUEPER Tk
Ay 25;““” ) _ Ay C‘Z’SW’ ) (24) 3 WS4 -5 Bris K Runge-Kutta 3, 2
” 3 FE A R SR A T 2 A A5 0 s TG 49
Xs-—n (X -X) - 2<X ~X) e 1 4 ST, B o T L, A MR s
acos(7 +3) -|-L (25) B RG s T8 e E , MR 1 s g, i 3% A
o’ S 1% B G O VE FRAL T 5 M. B s o 1 42

, K K
Yy = - z(Ys_Y4)—7(Ys_Y6)+
nw w

asin(7 +8) (26)
Xo= - z(X X+l L (27)
0 o
V= - Ry - Y>+f—z (28)
‘ﬂ:%[ -K(Y; -Y,)cos(¢p) +K(X; -
Aw

X,)sin(ip) +2K, (Asin(ip) - Beos()) -
(for =fa)sin(p) + (fs, =fo,cos(gp)) ] (29)
Hew.n aﬁj‘%ﬂ%@ﬁi@%iéﬂﬁ%ﬁ Jot = B

TR0 KO K, 5353 kg I 4 4 il 2 A T
WIRE , A S TG AR Hi, f, 202 « Fy J7
i) FA) DG 29t 7l g 0

w = —ficos0, —f,sinf,
5" Surc0s8y = fyysind k=1,3,4,5 (30)

by = —Jusing, + [, coso,
A28 1) FILTT [6] 114 T 12k 20 A At g -
{fkr =0')\2w[(1 _ZGDL)GM +23/;G/f2:|/3

L =on ol (1-20)C, +26,G,)73 =127

(31)

{h o = a ,O = /'LBR kAR 1Y) Sommerfeld
gc

\

B, A =5 ORI KR L.

2 IR AFEST

HI LA B Al 0, TR (19) ~ (29) 2 — 1 H
AoRAELMERRER 11 BREE AR RS, iR
EAAEL I ) K sing |, cosyp X FE Y LR AE 2R
B, PG AS 3y AR 0 A AT A 80 AL AR T o R
(. R THFSE B0 1 Rk BT A7 1 A2 R 4K
sk Bl o =3.0,a =0. 05, F-4 i [ £ 4R L
FEMIWIERIE A B =0, T i L NI EE K =20. 0, 4

195 T AR AT R 22 B A ) 3 L B o ]
WA XHR. YHENEE 0 ~4. 11 B, REHA
AL B I Al L RS N

1.0

0.9 N A
0.8} L. : R
07l L

0.6

051

0.4 " - ‘
10 105 110 115 120 1.25
w

1.30 135 140

3 A rpd 7 2R e R S 17 e 1A% 1 4 S
w=1.0-5.0, A=0.1
Fig. 3  Bifurcation diagrams of the steady-state response

with the parameter @ =1.0—5.0 when A =0.1
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NONLINEAR DYNAMICS OF A FLEXIBLE ROTOR SYSTEM COUPLED
BY A MISALIGNED COUPLING *

Li Ming’
(1. State Key Laboratory for Strength and Vibration of Mechanical Structures, Xi'an Jiaotong University, Xi'an 710049, China)

Li Zigang'’ Jiang Jun'

(2. Department of Mechanics, Xi'an University of Science and Technology, Xi'an 710054, China)

Abstract The dynamic behaviors of a flexible multi-rotor system supported on journal bearing with a misaligned
coupling were investigated. Firstly, the dynamic model of a rotor system under the action of the nonlinear oil film
forces was developed after taking into account the movement relationships and displacement constraint, which de-
scribes the misalignment relation between two rotors, and the theoretical analysis reveals that the system with e-
leven DOF is of strong nonlinear properties and time-varying parameter. Then, the nonlinear dynamic characteris-
tics, such as steady state response, rotor orbit, Poincaré section and the largest Lyapunov exponent, were stud-
ied. The results show that, at low speed, the orbit synchronously oscillates within a small zone ; as the speed in-
creases, the dynamic characteristics become complicated, and the period doubling, quasi-period and chaotic os-

cillations occur. Finally, the effects of the bolt stiffness on dynamic behaviors were also discussed.

Key words rotor misalignment, coupling stiffness, constraint relationship, nonlinear oil film force

Received 30 May 2013 ,revised 8 June 2013.
# The project supported by the National Natural Science Foundation of China (11072190, 11172223)
T Corresponding author E-mail; lzghsfy@ hotmail. com



