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Nonlinear dynamic response analysis of unbalance-rubbing coupling

faults of rotor-ball-bear ing stator-coupling system
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Abgtract : ‘A new, rotor-ball bearing-stator coupling dynamic model was established for
the unbalance rubbing coupling faults. In the model ,the rotor mass unbalance and rubbing
faults were fully consdered. The nonlinear factors of ball bearing,such as the clearance of
bearing ,nonlinear Hertzian contract between balls and races,and the varying compliance
(VC) of bearing support were modeled. Moreover ,the numerical integral method was enmr
ployed to obtain system’ s responses,whereas the bifurcation and chaos motion were ana
lyzed followed by the effects of rotational speed ,rubbing stiff ness,rotor eccentricity ,bearing
house stator stiff ness,and stator-foundation stiffness on dynamic responses. Therefore,the
non-linear dynamic response laws of rotor-ball bearing stator system under unbalance and

rubbing coupling faults were obtained.
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! ! Fg.1 Rotor-ball bearing stator'coupling dynamic model
1 including unbalancerubbing coupling faults
( ML = MR) ; Mo, Mor —
ke ik, c, o0 —
Ckw
kiv —
yGLH ,GLy —
- - s kirn , kR —
yGRH ,GRV —
1 - - ;
2 _ ket ke —
yCGH ,Gv —
;01,02 ,03 —
P — e—
;FxL,FyL— ;FxR,FyR_
] y Pr, Pn—
1 :
m— () ;M — :
;mrL ,er —

M X + K(Xr = xr) + K(X = %) + X = Px + myp @&’ coswt
Mo ¥ip + K(yr - yr) + K(yr - yu) +cyr = Py + mp @’ SnWt- myp g
Mor Xor + kerr (Xor = Xc) + Gre (Xbr - Xc) + Faor =0
Mor Jbr + kvt (Yor = Ye) + Gre (Yor - Ye) + Fyor = - MbrQ

moe Xoo + kin (Xoo - Xe) + Grn(Xoe - Xe) + Fxn =0
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Mo Yoo + kin (Yoo - Vo) +ain(yee - Ye) + Fy = - Mo g
MeXr + K(Xk - Xr) + GbXrk - Fxor =0
M $ir + K(YR - ¥r) + Goyrr - Fypor = - Mir g
me X + k(X - Xr) +GoXn - Fa =0

me er + k(er - Yr) +CrbYrL -Fo=-mg

MeXe + Ken Xe + Gon Xe + kirn (e - Xbr) + kin (e - Xo) + Gre (Xe - Xbr) + GLr (Xe - Xo) = - Px
rn:j}c+kcHyc+Q:Hyc+krRH(yc- be) +|<f|_H(yc- yu.) +QRH(yc' YbR) +GLH(yc' YU_) =- Py-mg
(D ( 1b) Vou , Vin,
r : Wouter
r= J(xrp— X)2+ (yw- o), r<d Winrer R, r,
, , Px=Py=0. r=0 Vou =Wouer X R Vin =Winrer X 1
, ) , ( ) Ve =
Pv=k - (r-9) (Vou +Vin)/2, , Vou =0,
Pr=f - Pun @ Veage =Vin/ 2 = @imer X 1)/ 2. ,
ke f
X 'y Weae = V cage _ (©imerx 1) [ 2 _ Wi X 1
{Px:kr(l'él O - (xp- %) +f- (yo- y)] (R+\n)/2 (R+/1)/2 (R+71)
Pr=k (1-8/ 0~ (Yo~ y) -+ (xp- )] 3
(2) , Winner = Wrotor
2 , Ny, VC
2 , ;
) Wve-=WcageX Np :()-)Rotorx[?i__rx NJ =
Wrotor X BN (4)
’ . j 0, 6=
V C (Varying compliance) wCageXHillb(j—l),j:l,z, No,
" ’ X Y X v,
r, i
0 = x0080; +ysnB; - ro (5
v fi,
0, >0 ,
H,
fi=GC0;]1¥% = G (xcos; +ysind; - ro)¥?
H(xcosB; + ysinB; - ) (6)
y Go ;
L X Y
5 fix = Co(xcosO; + ysnb; - 1) ¥2.
Fig.2 Ball bearing model H(xcosB; + ysnB; - ro)cos;,

7
ij = C:IJ(XCOSGJ + ysﬁeJ _ l,())3/2. ( )

H(xcos8; + ysinB; - 1) dnb;
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Np

Np
Fx :j;fjx :j;Cb(XCOSej + ysinej - ro)¥2.

H(xcosB; + ysinB; - r)cosb; ,
Np Np

Fy :j;ij :j:leb(XCOSej +ysinej - I’o)3/2.

H(xcosB; + ysnB; - r)sinb;

(3)
MR =
m. =4.0kg,mp =32.1kg,e0 =1 050 N - & m,
c=2100 N - ¢ m,k=2.5%x10" N/m, e=0.01
mm ,me =50 kg, Mo = mr =20 kg, kin = kwv =
kv = krv =7.5%x10° N/m ,atn = GLv = Gre =

®) Gy =2100N- §m k= kv =2.5x10° N/m,
! cH= v =2100N- §m, k =2.5%x10" N/m
X=XR - XorR,Y=YR- Yor, ,Fxr= -0 01 mm.f=0.1.
P Foor = Fy [7] J1S6306 ,
X=XL - XoL ,Y= VYL - Yo, , B = 1
Fx, Fyoo = Fy
1 JIB306
Table 1 JI6306 ball bearing main parameters
R mm r/ mm Nb Col (N/ m¥?) ro/.mm BN
63.9 40.1 8 13.34 x 10° 5 3.08

RKF(Runge-'Kutta Fel hberg)
(8]

2 - -
2.1
3 5 0( )
, X
.4 6 k =2.5x
10'N/ m, e=0.01 mm,
0=0.0l mm X
Poincaré
3
6 :
(1) : 900 rad/
S. , 1152 rad/ s. ,

4 (G
Fig.4 Cascade plot of rotor response (rubbing)
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Fig. 5 Bifurcation plot of rotor response (no rubbing)
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) ) ( ) ) rad / s ; [1 903
Fig. 6 Bifurcation plot of rotor response (rubbing)
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5 , [l 150 rad/ s,1 320 2- - 1- - 1
rad/ ) 2 , 1320rad's _
: 1 (4) , ,
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s X [1 520 VC ;
rad/ s,1 650 rad/ 9 , VC ) 7
1 ; [1 650 rad/-s,2 220 (@ (d) ’
rad/ 9 1 , VC ,
: [2 220 rad/-s,2 355 rad/ 9 ; , 7(b) ,(c) ,(e) ,(f).
3\ % [2:355 rad/ s, , 7(b) (o) , ,
2636 rad/ 9 , [2 355 rad/ '
s2524rad s 3 3
, , [2 524 rad/ s,2636 rad/ § , , ,
; [2 7(0) () ;
636 rad/ s,3 000, rad/ s)
10- — 20 0.02
] i 5 15F ]
E 10} S 10F E 001+
% :E' g
Nﬂ : : T0.5F
1077 Dt i i { : i e L
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514/ o 1 ?w - /}; 43 A/ He
a) JCRlEEE rad/s . g c) & E (900rad/s
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Frequency spectrum plots of rotor response
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Fig. 8 Frequency-spectrum plots of rotor-chaos response
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Fg. 10 Bifurcation plot of rotor respons
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Fg. 11 Bifurcation plot of rotor response under
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Fig. 12 Bifurcation plot of rotor response under
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