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Sudy on imbalance-misalignment-rubbing coupl ing faults
In aer o-engine vibration

CHEN Guo,LI Xingyang

(College of Civil-Aviation College,
Nanjing University of Aeronauticsand A stronautics, Nanjing 210016, China)

Abgtract : A ‘new ‘rotor-ball bearing stator-coupling system, including imbalance mis
alignment-rubbing coupling fault , was established for aero-engine vibration. In the coupling
system, the stator mation\was considered , and the nonlinear factors of ball bearing such as
the clearance, nonlinear Hertzian contact , and the varying compliance (VC) , were fully
taken into account ; in the process of fault coupling, theimbalance, the misalignment and the
rubbing faults-were modeled respectively. The numerical integral method was used to obtain
system s responses, and the characteristics about the coupling faults were analyzed. The
smulation results indicate the correctness and eff ectiveness of the new model .

Key words: aero-engine vibration; rotor-ball bearing stator coupling system;
imbalance- mi salignment-rubbing ; coupling faults
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Fig.1 Rotor-ball bearing stator coupling dynamic model including imbalance-misalignment-rubbing coupling faults

Mrp .).(rp + k( Xp= XrR) + k(er - XrL) + Cer = Px+ Mp @)2005(-0':
Mp .yrp + k(yrp - y’R) + k( Yo - ny) + Cyrp =Py + mp @)Zgnwt -Mpg
- Xc) + GRH (XbR - Xc) + kirn (XbR - XWR) + GRH (XbR - XWR) =0

Mor Xor + ke ( Xor
yc) + kirr (be - wa) + GRrH (be - wa) = - MrQg

MbRrR .)./bR + krr (Yor - Ye) + QrH (Yo -
Xc) + leH(XbL - le_) +QLH(XbL - XwL) =0

mo Xew + kn (Xee - Xe) + auwn (X
Mo Yy + ks (Yo - Ye) +oun (Ve - Vo) +kan(yn - yur) +Gn(Yy - V) = - Mo g
me Xk + K(Xk = Xr) + GoXR - Far =0

M Yig + K(YR = Y1) + G0y - Fyor = - Mrg

mi X + K(Xi - Xr) +GbXr - Fxo. = Fxc

Mo Yo +K(yw - yr) +Coyy - Fe = - mug+ Fe

- Xor) + GrH (Xwr = Xbr) + Fur =0

- Yor) +GrH (Yur = Yer) + Fyor = - Mur g
- Xo) + Fao =0

- Yu) tFo = - Mg

Mk Xwr + Kirn (xwr
Mwr .).le + kirn (Ywr
Mt Xa + kin (Xal - Xo) + Gin (X

maL .)'/wL + ken (yar - yo) +cen (Y
rT]c.).(c+k:HXc+Q:HXc+I(fRH(Xc' XbR) +kaH(Xc' XbL) +0RH(Xc- XbR) +GLH(Xc- Xbl.) = - Px

MY, + Ker Yo + G Yo + kirn (Yo = Yor) + kin (Yo - Yo ) +ari (Ve - Vior) 0 (Yo~ V) = - Py- meg



10

- 2279

11 {Fx=-M5i=2M-AE-Q)2-Sin(ZA)t) 3)

Fy=- My=2M: A E- & - cos(awt)

! {FXC:FXIZZM'A E- @ - sn(ant)

: Fc=F/2=M-A E- @ - cos(2t) )
. ' Fe=M-Ay- - - gn(20t) +M-AL -
' tan@a/2) - &’ - sin(21)
, ’ Fe=M-Ay.w - cos(2ot) +M-AL -
2' : oG 5& tan(Aa/2) - w* - cos(Awy)
,0C ,0C (5)
0 , 1 \
(E : AyAE=
Avy; Ao AL AE=AL - 19
tan@a/ 2) . 2 ,
oc V C (varying
x=A E- §nwt - cosmtz']z‘A E-_sin(201) compliance) :
y=D E- cost -\ cosot =A E="TA Ecos(Z0Y , [45],
v 13
{')k:-zﬁE-wz-sjn(z;ot) @) mer = me =4 0kg, mpy =32 1kg,
y=- 2D E-w - cos(Aot) Gb =1050N - ¢ m, c=2100N - ¢ m,
k=2 5x10'N/m, e=0. 01mm,
. me =50kg, mow = mwr =20kg,
kin = kv = kirn = kv =7. 5% 10° N/ m,
QLH =QLv =GrH = Qrv =2100N - ¥ m,
Af ki = kiv = kien = krv =2 5x10° N/ m),
o ~ GLH =QLv =Gre = Grv =1050N - ¥ m,
\ kn = kv =2 5x10° N/ m,
oc i =av =2100N - ¢ m,
2 k=2 5x10'N/m,d =0 01 mm,
Fig.2 Misalignment model Ay =06mm, Ad =
M, M , 02radAL=1mm, M =0 2kg.
oc [45,10] J1S6306

, oc ocC [4-5].
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Fig. 3\ Cascade plot of displacément in-the x direction at rotor disc
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Fig. 4 Frequency spectra of rotor responses
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Fig.\5 Cascade ‘plots of displacements in the x direction at rotor disc
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Fig. 6 Time wavelorms of rotor disc responses in the x direction (400 rad/s)
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Fig. 7 \ Freduency Spectra of rotordisc reSponses in the x direction (400 rad/s)
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Fig.9 Frequency spectraof rotor disc responsesin the x direction (1500rad/ s)
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