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Dynamic response analysis of dual rotor-ball bearing-stator
coupling system f oraero-engine

ZHOU Hai-lun;-CHEN Guo
(Civil-Aviation College;
Nanjing University of “Aeronautics-and A stronautics, Nanjing 210016 , China)

Abgtract': The'aero~engine with dual retor'was researched as an object , and a dual rotor-
ball bearing stator coupling dynamic-model was established. In the model , the coupling
effect of inter-rotor bearing between the low pressure rotor and high pressure rotor , or be
tween the outerrace of ball bearing and bearing housng, and between the flexible support
and squeezefilm-damper , or the rub-impact between high pressure rotor and stator were con-
sdered. Inthe model of ball bearings, the clearance of bearing, the nonlinear Hertzian con-
tract force between balls and races and the varying compliance vibration were cons dered.
Then the numerical integral method was used to obtain the system’ sresponses. Finaly, the
dynamic response analys s and verification of dual rotor-ball bearing stator coupling system
for aero-engine were carried out.

Key words: aero-engine; dual rotor-ball bearings stator coupling system;
coupling dynamics; rubbing
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Mip1 Xrp1 + kl(erl - XrRl) + kl(erl - XrLl) + Cerpl = Px +

mrpllyrpl + kl(yrpl - yrRl) + kl(yrpl - erl) + G .)/rpl = Py +

mle.i(le + |<tRH1(XbR1 - Xc) + GRHl(Xle - Xc) + kIRHl(Xle -

(mme + mNRZ)-yrRl + ki (YRt - Y1) + GoiYrre - Fyore + Fyore

Me X + Keh X+ CcHXc + k(RHl(Xc -

GRHl(Xc - Xle) + GLH1(Xc - XbLl) + GLHz(Xc - XbLz) =- Px

mc'yc + keHYe + GH Yc + ktRHl(yc o bel) + kﬂ_Hl(yc - yu_z) +

GRHl(yc - S/le) + CfLHl(yc - YbLl) + GLHZ(YC - ybLZ) =- Py- mg
1.1 1.2
1(b) , T
) r = , , 2
Jxo1 - %) + (Y1 - V)2 D [6].
. r<o , . Po= Ny R
P, =0. r=6 , Fo = jZoo(xcosﬁ,-+ys'n9,-- )2 -
, H(xcoP; + ydrB; - ) coP;
Pz ke (-9 e f s s ot
P = . Py = J_Z(})(xoosﬂ, + ydmd; - ro)
ke f H(xcoP; + ydmd; - ro) Snb;
Xy G 1
Pc = k(@-0/N[- (xpr - %) +f- (ypr - ¥)] CH(-) , 0
{Py=k'(l-5/F)['(er1'Yc)-f'(Xml-Xc)] , 1 0.9, j
3) ,ej:wcagexnf\llb(j-l),j:l,z, N,

Mip1 a&)f cosW:t
Mp1 @WISNWIt - Mp1 g

Xwr1) + GrH1 (Xort - Xwri) = O

mle'&/le + krH1 (bel - yc) + GRHL (Yle - yc) + kirH1 (bel - wal) + GRHL (bel - wal) =- NMbrR1 Q
mbLl;(bLl + kﬂ_Hl(XbLl - Xc) + OLHl(Xu_l - Xc) + kILHl(XbLl - Xw|_1) + CtLHl(XbLl - le.l) =0
mbLll)./bLl + kaHl(ybLl - yc) + GLH1(YbL1 - yc) + leHl(ybLl - ywl_l) + QLHl(yu.l - va_l) =- Mi1 g

(Mt + Mwre) Xk + ki (XrR1 - Xep1) + Gt XrR1 - Fxore + Fxore = O

= - (erl + mNR2) g

(mrLl + mNLZ).;(rLl + k1(XrL1 - er1) + Go X1 - Fxo1 + Faiz = 0

(mes + mNLZ).erl + ki (yn1 - Y1) + Gm yru - Fy1 + Fyz =- (Me1 + Ma2) ¢
mNRl.).(le + kIRHl(XWRl - Xle) + CtRH1(XwR1 - XbR1) + Fowrt = 0

mNnglel + ktRHl(wal - bel) + CtRHl(wal - S/le) + Fypri = - Mwrt g (1)
mNLl.;(WLl + ktLHl(XWLl - XbLl) + CtLHl(Xle - Xu_l) + Faw1 =0

mNLllyWLl + ktLHl(wal - ybLl) + CtLHl(wal - W.l) + Fy1 =- M1 g

mrpzl)'(rpz + ke (Xp2 - Xre) + ke (Xp2 - Xiz2) + GXp2 = M2 &5 COSW; t

mrpz.yrpz + ke (Y2 - Vi) + ki (Y2 - Yr2) + QVYme /= M eWsSnWzt - \Mpz g
erZI;(rRZ + ke (XrRe - Xm2) + GoeXrre - Fuwore = 0

erzlyrRz + kz(yrRz - yrpz) + G2 YrRz - Fpre=- mrag

Mi2 Xz + ke (X2 - Xm2) + Gbz Xiz-= Fxoz =-0

mrinﬂlrLz + |<2(er2 - yrpz) + G2 'erz - Fyp2 ==-mn29g

Xor1) + kbr(Xe = Xo1) + kinz (Xe - Xo2) +

kirz (Yo - Yo2) +
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2n/N,

Fig.2 Ball bearing model

2) X = Xt1- Xuii, Y = Ya1 - Yw1,® =

Wi; ,Faoi = Fx, R = Fy
(
W > W)

1) X = Xr - Xrt, Y = YRz - Yema ,00 =
W -0 , Fuore = Fx, Fpre = Fy

2) X = Xz - X1, Y = Yz - Yu1 ,0 =
W -0 , Pz = Fx, Fw2 = Fy
1.3

[71

Mpy =14. 06 kg, mpz =20.22kg , ke = 1.0 X
10" N/m,c. =2100N - s/ m,ce =1050N - &/ m,
ke =2.0x10" N/ m,e =2200N - s/ m,cs2 = 1050
N-gm,mes = mere=9kg, w2 = mre = 13Kkg,

N A e =5x10"°"m,e =5x%10 °m\,aLm = arre = 2100
R, r, (omge: N - S/m,ktLlektRHl :2.5><:|.07 N/m,Cu_le
wxr.VC L e = W X Gru.=1050N - g/ m,mwi\= Mr :2.0kgg,rnNL1:
R+ Mo = 2°kg, M= 50 kg, kew = 2.5 x 10° N/ m,
No =W XBn ,Bn = No X1/ (R+1) ,~VC kir = krs = 2.5 % 100 N/ m’,en = 2100N - §/'m),
+No k=3 5%x10"N/md =1.0%x10* m.
[8] J1S6306
SKF6002
1) X =Xkt - Xwrt, ¥ = Ve - Ywrl ,00-= 1
W1; , Fwrt = Fx Fpre'= Fy ’
1
Table 1 Main parameters o ball bearings
G/
BN
R/ mm r/ mm 10° (N/ m¥?) ro/d m
J1S6306 63.9 40.1 13.34 5 3.08
SKF6002 14.13 9.37 7.055 2 3.6
2 _ J1S6306 mvcl:3.0&)1 , SKF6002
Wy, = 3.6 - ).
600r/ min, 300r/ min, oy =
’ , , (A)Vc1=3.08><202 po\,c?=3.&)2.
' i vVC
] 3 ,
N
2.1 VC W, ’
1] ] VCl VCZ- y
vC 3 2VvG ,
I vw\/C =0 X BN I VC
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3.1
, 2Ni - N2,2N2 - N1,2N1,2N2, Nz -
(k =3.5x10" N/m) , Nz Ni+ N2 [5]
.5 . ' ’
5 , N1 N2
NN ’ 100001/ min ,
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6(a)
Ni=1.2,N2=1; 6(b), (o, (d ,

6(b)
Ni=1.2, N2 =1,
2N2- N1=0.8,2N1- N2=1.4
6(c)
N:=1.3, N2=1,2Nz2- N1=0.7, 2N2=2,
(2N2+ N1)/3=1.1, (2N1+ N2)/3=1.2
6(d)
Ni=1.4, N2=1, 2N2- N1 =0.6,
(N2+N1)/2=1.2,2N1- N2=1.8,
N2 + N1 =2.4, N1 +2N2=3.8
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