14 1 Vol.14 No.1
1999 1 Journal of Aerospace Power Jan. 1999
T &2 218 A o
TH133
1
Choym , Ehrich"” )
Kim"” Jeftcott ) [6 8]
[9]
2
, 1
B B E w
N v I\
N = mgcos®+ me =0 N s N e le
( 1) \l ~ \I\\\ ’
: B A A ng |
me + mgsin@+ uN = 0 i e

(2)

1998

2
33

;1998 4

710049




66 14

(1) (2) : mcoBt mgsinB+ pum(gcosb+ c092)= 0 (3)
, (3) :
0+ Qz(sine+ peosB) + ud =0 (4)
Q= g/co :0= 0, tan®= — 6= tan (- p) 0= & 6, (4
@ uq§+ Q 1+—stin(p—' 0 , y= @
: B= - [(2&F 1+ D)/ (1+ 4D 1 2usin® cosP+ ce 7 (5)
c : R0) = B, R0)
=® (5 : e= [P+ 2@ (1+ 1)/ (1+ 40) sin( R+ )] ™% (6)
:8= —tan (1/2u)  (6) (5)
P= - m“—fuz“—sin(% &) + [cm 2G 11+—“—25m<qe+ @} S )
(RY
W= (1+ )/ (1+ 4)[2sin(m+ e " - 2sin( ¥+ )] (8)
(8 (1) , ® i, co
Q@ 2 3 ; U
3. 650 I."l
s 0F[—— ®=00 | —o—co=0.1 mm o

| | —ar— gn— 0. TEER

—tr—cp=0. 3 mm o

g e

Sy
> i AA‘
= o8
> 2.0 F AAAA

b
&

A
e
.

——— g =1-577

O 0.2 0. 4 0.6 0.8 1.0
4
cp="1. 3 mm o=0.0
2
6.0

B —0— = 0.0
s —a— 0 = 0. 78515

b ——o— =1-577
é .
> 2.




67

®»
3
, 4
oxyz , o811C
0 : Q= (w- Beose) E- BsinodT. cHo=J, (w- Bos) E-
JaBsinoll JasJo 0
7
A
I NN\
o ——— x
= £
i A
) 4
4
( , ) 0 :
Mo= uRNE+ [= uNI+ (1/2)ymglsin®T+ [Nleoso— (1/2)mglcosBosa] T
, sin0=co/l, cos6=1. 0, :
N=[(Jie= J) 1008 = [(Ji— Jo)Il]eoud + (1/2)mgeosd (9)
0— 1B+ paud+ (mgl’/2Jaco) (- peosO+ sin = 0 (10)
(10) , a= (Ja=Jp)lJa , Bco< Rw ,
,u 60 tan@= u, &= tan 'y
y= 0- 6 , cy— Hay + pawy+ (mgl®l 2] aco) siny= 0 (11)
(11) . T=w.c= mgl’l2]icow e lw
y — Hay’ + Hay + €siny = 0 (12)
Yy = yo+ €1+ €2y2+ (13)
(12) , (13 (12) , €
e Diyo— pa(Doyo)> + pa(Doyo) = 0 (14)
€' D3y1 + 2DoD1yo — 2ua( Doyo) (Doy1) — 2pa(Doyo) (Doy1)
+ wa(Doyr) + pa(Diyo) + esinyo= 0 (15)
w= Doyo, (14) : Dow- paw+ paw= 0 (16)
(16) cw= 1.0, w=0 : w= o[ - a+ o) (17)
A(Th) To 8(0)= 6 (17
w= 1.0/[1.0+ (1.0/0- 1.0)¢""0] (18)



68 14

a>0, x= pawn, (16) : x= x — uax (19)
Ha ) [ 10], (19 (T ranscritical bifurcation),
5(a) a< 0, x= (- pa)w, (16) : x= = x’= pax (20)
- Ha , (20) , 5(b)

3 rea — ra
(a)d (bl
5
( ) 5(a) (D) ,
2 1 2 2 2
2,3 , , 0 ( a>0 )
1. O( a< 0 ) w ,DOyOZ aD,(]S)
Diy1 — pa( 2w — 1. 0)(Doyi) +csinwTo= 0 (21)
Doyi= w, (21) cw= (of  f+ @) [ cos(CwT o+ Yyx o /ot 2700 (22)
f=ua(1.0- 2w), tan¥= — (f7-w), B(T4) To w ,
a>0, w=1/2, a<0, ©@=1/2
w (0= 0, (22 w=(c/ £+ W)[cos( wTot+ ¥)— cos¥e '],
w= W+ € (23)
q3 u co @

1 Choy F K,Padovan J. Non— Linear Transient Analysis of Rotor— Casing Rub Events. Journal of Sound and Vibration,
1987, 113(3): 529- 545
2 Ehrich F F. High Order Subharmonic Response of High Speed Rotors in Bearing Clearance. ASME Journal of Vibration,
Acoustics, Stress, and Reliability in Design, 1988, 110: 9— 16
3 Ehrich F F- Spontaneous Sidebanding in High Speed Rotordynamics- ASM E Journal of Vibration and Acoustics, 1992,
114: 498- 505
4 Kim Y B. Quasi— Periodic Response and Stability Analysis for a Nonlinear Jeffcott Rotor. Journal of Sound and Vibra—
tion, 1996, 190( 2) : 239- 253
, 1990, 11( 10) : B499- B502
, 1996, 38(1):31- 34
. , 1996, 11(3):261- 264
, 1990

Guckenheimer J, Holmes P. Nonlinear Oscillations, Dynamical Systems, and Bifurcation of Vector Fields. New York,

O 0 N N W

Springer— Verlag, 1983



No- 1 Abstracts 109

tion describing relations between the displacements in the centers and torsional angular dis—
placements of the mating gears is derived- The coupled lateral and torsional vibration model
of arotor system with a gear coupling is developed with Lagrange’s Equation and the con-
straint equation in rotating reference frames. The system of two Jeffcott rotors connected by
a gear coupling has been analyzed numerically and the results show that the transient re-
sponse frequency of aligned rotors approximately equals to the uncoupled model in lateral vi-
bration, but the even— integer multiples of lateral vibration and the odd— integer multiples of

torsional vibration are found out by the coupled model for the misaligned rotors.

Key Words Rotors Gears Couplings Vibrations

STABILITY OF RUBBING MOTIONS
OF SYMMETRIC RIGID ROTOR

IN HIGH SPEED ROTATING MACHINERY

Ji Jinchen and Yu Lie
(Theory of Lubrication and Bearing Institute, Xi’an Jiaotong University,—Xi‘an |\ 710049)

ABSTRACT The cylindrical and conical rubbing\motions of a’symmetric rigid
rotor in high speed rotating machinery are investigated.” When'both journal bearings of the
rotor are simultaneously under starvaton lubrication condition,"both ends of the rotor contact
locally with the bearings so that thecylindrical rubbing motions occur:” The stability margin
of the cylindrical rubbing metions is-determined, “and the relationships of instability with the
radial clearance, the bearing/rotor friction coefficients,and the angle of incidence during suc—
cessive rubs are obtained. \When one of the journal bearings is under starvation lubrication
condition, the conical rubbing motion of the rotor occurs. T he analysis shows that in this case
the stability of rotor depends jon its physical parameters, the transcritical bifurcation is ana—
lyzed. Then the first-order-approximation formula of whirling angular speed is given, which

provides theoretical analysis for diagnosis of rotor systems.

Key Words Rotors Friction Stability Analysis

SIMULATION OF DOPPLER ON- LINE

MONITORING TECHNIQUE FOR BLADE CRACK FAULT

Yang Hangyan and Liu Zhougqi
(7th Dept. Northwestern Polytechnical University, Xi‘an 710072)

ABSTRACT An on-— line monitoring technique for blade crack fault is set up ac—
cording to the mechanism of an acoustic doppler on—- line monitoring technique, which is
based on cracked blade’s resonant phenomenon in turbine machinery. But the resonant phe-
nominon can not be captured easily, because the fatigue crack expands very quickly due to the
high frequency vibration of turbine blade. So that a new monitoring method based on the un-
symmetry in vibration response of the cracked blade is developed, which utilizes the achive-
ments in analyzing the vibration of the cracked blade. The program for calculating vibration

response wave form of the rotating blade from acoustic doppler signals is worked out. Simula—



