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erS/rR"' k(ym- ymp)+ coym- Fyr= - mmrg
muxe+ K(xe- Xp)+ Coxe- Fxw= 0
mrLS/.L‘F k(yt- yp)+ coyn- Fyu=- mug
me;(wR+ kirn (Xwr- Xbr) + CrH (Xwr- Xtr)+ Fxr= 0
B meS/wR‘f' KrH (wa- be)+ CRH (wa- be)+ Fyor=
- Mwr(g
me;(wL+ Kin (xwi- Xo)+ coin(Xwi- X )+ Fxu=0
meS/wL'F ken (ywl_- yu_)+ CLH (yWL- yu_)"' Fyw =
- Mwg
mc;(c+ kaiXct CHXot Kirn (Xe= Xpr) + Kk (Xe-
1 - - xu )+ cr (Xe= Xbr)+ Cun (X xuw)= 0
mci/c+ Kyt oyt kirn (ye- yor) + kin (ye- yo )+
sMmu, Mer » ki ¢, cm crr (ye- yor)+ cun (ye- yn )= - meg
; ken, Kev 11
; CLH, CLV
KrH, Kirv
; CRH, CRRV ,
; Kiw, Kiv ,
; CiLH, CiLv , ,
; KR, Kirv VC 18.9]
, CiRH, CfRV 2 ,

s Ko, ke ,

; CH, Cv ,

701,02,03 VC ,

;e ,
7 Fxoe, Fyn 7 Fxor, Fybr

Mexp+ K(Xp- Xm)+ K(Xp- Xi)+ Xp=
m peufoo st
meynt K(yp- yr)+ k(ym- yi)+ oym=
m peuf Sinet- m g
mbR;(bR"' kv (Xor= Xc) + cmr (Xbr= Xc) + Ker (Xbr-

XWR)+ CtRH (XbR- XwR): 0

mbRS/bR"‘ kirn (yor- ye) + re (Yor- ye) + Kirn (yor-

wa)+ CRH (be' wa): - MurQ 2
muxe+ kin (xe- xo)+ crn (xo- xo) + ken (X -
xwt )+ cin(Xo- xw )= 0 ’
mu_S/u_+ ki (yw- yo) + cun (yo- yeo) + ken (yo- V ou, Vo,
wa)+ CLH (yu_- wa): - Mog Uduter,

MmmrXr+ k(XrR' er)+ CrerR' Fxr= 0 (Orrer, R, r,
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Vout = Ubuter X R (1) X= XmR- XWR,y: YmR- YwR, ,FxbR: Fx,
Vin= Wnner X T (2) Fyr= Fy
, ( ) X= Xt- Xwi, Y= yi- yw,, ,Fxw= Fx,
_ Mﬂl Fyw= Fy
VCage— 2 (3)
y V out= 0, 12
V X . _
VCage: _zm: '('cgmrz—r)' (4) .MR=
me= 4.0 kg,mp= 32.1kg,co= 1 050N - s/m,c=
' v . 2100N - s/, k= 2.5x 10'N /m, e= 0.01 mm,
—Vege _ (QuaXx 1)/2
Ukage = R + r)/2: R + r)/2 = mc= 50 kg, mu = mww= 20 kg, knn= kiv = kin =
Woner X_ T 5 kiv= 7.5% 10°N /M, cin = civ = CrH = Crv =
R+ r 2 100N - sﬁn, kin= kiv= keu= kev= 2.5% 10°
, (Vnner= (kotor, , Nﬁn, CctH= Cv= crH= crv= 1 050 N - s/m, K =
Z, VC ko= 2.5% 10°N /m, csi= cw= 2 100N - s/m
, [8] JIS6306 ,
_ _ —r _ 1
We = Utage x Z= Ukotor X [R +or ZJ - ) )
kotor X B (6) RKE
By VC J (Runge-K utta-Felhberg) -
8, 8= waxt+ 2(- 1), ™ ,
(=12 .,z), . X Y ’
X Y,
&, &, j 2 - -
6= xoos8 + ysin@- &o- & (7)
’ 2.1
v fi,
| [9] ,
5> 0 , H ., 3(a) 300 r/min
(= el = Colxaosd no- X ;. 3(b)
i = 2 = oosg + ysing - -
’ i ] P y 300 r/min M evel [9]
®)2H (xcosB + ysinB- &- &) (8 X ,
Cob ) )
fi X Y
fix= f;00s0
. (9
fiy= f;sing ,
Nbp Nb , ,
Fx = f jx F = f j 1
Zl 1Xy y Zl 1y (0)
1 vVC ,VC BN
1 JI1S6306
, Cv/ vVC
R/mm r/mm D /mm d/mm o N- m"*? &/pm Bn
63. 9 40.1 52 11.9 8 o° 13. 34x 10° 0 3.08
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,BN = 3.08( 1 ) 3(@ (b) 2 J1S6306 ( )
1X Y 1

' fo= %[1 éLoos% f = 3.084 6f »
1 1 1 2
( 3(c)), fa= %%[ 1- ['g‘oosg ] fr= 2.570 4 r
VC ( ) Fukata
o) Xy fi= %[h ‘D’-oos% fr= 4.915 4 «
’ : fo= ‘ZL[l 'g‘oos% fr= 0.385 6f
0.02
0.01F 2.2.1
E o ,
" ook ( 4 ),
4(a) . 4(b)
-0.02 . . .
1.00 105 110 115 120
tls
" (a) A3CHHHE R '
5L
£
=1
\E. 0
=
5L
_10 1 1 1
100 105 110 115 120
t/s
(b) SCHER[9]Mevel it 5 45 5
0.025
0.020 P vC
E o015} e
£ 0010} / 3VC 4VC
0.005 l 1/ ]/
A
0 3 6 9 12 15
1550
(c) Hii
3 X ( 300 r/min) o) BGRITEE
2.2 4
[11,12] !
( , h= rs-
) t
, , {2 Lo/2)?% h=a, a=tre- A\ e Lo/2)?,
: Lo= 24 2rsa- a2, ,
fo,
fi,fe,fc Lo< 24 2ra- a° (11)
; f R , Z y d 3
D Do ( o= 0° , , ,
y 1 (11) ’
2 JIS6306 ( ) :
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(11), 5(b)
Lo

(11),

4(b)
&= h,

&= 18- «erZ- Lo/2)? (12)

i 8, 0= (WageX 5(b)

®= h,

210, . .
t+ (- 1)' ( = 1' 2, YZ)
z Y J ®d=re- A re?- Lo/2)? (14)

e)UT

B ' j 0, 6= wwx
(12) ! 2, |
|(@ur- @)MOD (2m |< B (= L2 ,2) trZ2G- . G=12 ,2) t
(13) On= kowrX t

B=arcsin(Lo/Dour),Dour B

: (14) ,

& (8) |- B)MOD (2m |< B, (= 1,2, ,2)
2.2 2 (15)

N : B=arcsin(Lo/O n),D n
( 5 ), : &
(8)
2.2.3

6
6(a) ,  6(b)
6(b)
,Lb , I8
(b) H5 IR ; 6 (b)
&= h,

5
&= re- «/ re’- (Lo/2)? (16)

5(a) . 5(b) 2
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3
3.1
Lo= 0-533 4mm,
(2) BRI a= 2.794mm, '
S wr= 200 rad/s, fr= 31.83Hz 2
//{//V([//// ' X / fo=3.084 6 fr=
S : 3.084 6x 31.83=98 Hz
S ! ! (11) 7(a)
_.‘s{ ....... QJ. ......... - H
Nt , 7(b)
7(a)
T=0.01 s, 7(b)
900 1500Hz
fo = , 98Hz(  1/0.01),
_ fo,
(m =
[11] :
vk fo
I t e<', e(': aﬁx
2T
tr (k- 1)t k :
‘[e;- %% MOD (2m < B 3.2
i Q' Lo 0.5334mm,
a= 2.794mm ur= 200 rad/s, fr=
‘ 1 31.83Hz 2
& - 2 MOD (2m |< B cf 1= 4.915 4f r= 4.9154% 31.83% 156 Hz
, B= arcsin(Lo/Os),Ds (11), :
, & 8(a)
(8) :
0.008 . . . . : 6
60 : I : I : g 3
s o, 98 Hz
1 |
-40 4 . . . . . . . | 0 l.’ "[ LAALJIH,.. )
0.0 0.1 0.2 0.3 0.4 0.5 0.6 500 1000 1500 2000 2500
t/s f/Hz
(a) 0T FBE B R4 7 A F K 1) B AR A A b TR) Y8 P (b) I BE A
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6 - -
0.008 5
| \ |
< g0 HH I \ -
_ me T T T l ::' T T T ] é
«;.m 20_: ——<—‘ 0.90645 S
g o0
S 7207 — = 0.0325s
-40 T T T T T 4 L
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(2) DNIEEBE Ko phy 4549 7 A 110 il K D) R 2 A i o ) 9 7 (b) 03 BEATE
8
8(b
(b) 3.3
8(a)
T=0.006 4 s, Lo 0.533 4mm,
, a= 2.794mm k= 200 rad/s, fr=
, 8(a) 31.83Hz 2
(0.032 9), 8(b) 1 2% fg= 2x 2.070 4fr= 2% 2.070 4x 31.83
, 900 1500Hz = 132Hz, fc= 0.3856fr= 0.3856
, , x 31.83= 12.3Hz 9(a)
32 Hz, , ,
, 9(b)
156 H z, )
[11] , 9(a) :
f 0.007 6 s,
f r [} 1 9(a)
(0.008 3 9),
, 9(b) , 900
, 1500 Hz , .
12Hz(  1/0.008 3),
, fc,
132 Hz( 1/0. 007 6),
0.008
«$ I
0.000 o
40 7 g
o 201 = 0,007 65 <
g 0]
s 20 10.083s_:
_40 T 'I : T T T OO_ '
0.0 0.1 0.2 0.3 0.4 0.5 0.6 500 1000 1500 2000 2500
t/s f/Hz
(b) s BE AR R

(2) R EE K e 45 £ 7 A 1A il 7 1) B2 A R B W) 38 T

9
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, min (11),
) , 2 SKF6203
9 : (331 fr= 29.9Hz,
) 91.4Hz
148. 1 Hz 119.4Hz 11.4Hz
2 ( :mm)
[11]
)f s SKF620317.000 2 39.999 911.999 0 6.746 2 28.498 8
’ ' 4.2
( )fc
4 1
4.1 , Hilbert
, FFT ,
CaseW estern Reserve U niversity
[13]
10 ' ) M allat
2 72 KW / ,
, ( ) |
[14 16]
SKF6205, SK F6203
, 0.177 8, 0. 355 6, 0. 533 Hilbert
4mm , 3 00,6 00, ’ db8 ’ 3
12 003 w (3, 3)
LD
1 12 ,
L\ . 13 14
E59 8 h -
éﬂ%ﬁf?@é& » e ~
Al /i s o
}.4 ‘ 2
; - : g
AST
10
-40 ' s s
0 0.1 0.2 0.3 0.4
t/s
(a) B[R
2 . .
16 , - 9155 Hz
12 kH Z, .w 1F i
48 KH / g 29.9 Hz
Z A L
0 JL JL 1
0 100 150 200
SK F6203 (6 00 ) 7/ Hz
, (b) /MBI
2.794 mm, 179 7 v/ 11

0.355 6 mm
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Dynam ic analysis of ball bear ing faults in rotor-ball
bear ing-stator coupling system

CH EN Guo
(College of Civil A viation College, N anjing U niversity of A eronautics and A stronautics, N anjing 210016, China)

Abstract: At present, in the study of dynamic analysison ball bearing fault, the effect of rotor is hardly considered, In this
paper, aming at rotor-bearing system of practical aero-engine, a nev rotor-ball bearing-stator coupling systan dynamicmod-
el w ith ball bearing fault isestablished In themodel, the stator motion, the flexible support, squeeze film damper (DF) are
considered, and the nonlinear factors of ball bearing such as the clearance of bearing, nonlinear Hertzian contract force be-
tw een balls and races, and the varying compliance vibration because of periodical variety of contact position betw een balls and
races aremodeled On this basis, the fault modelsof outer race, inner race and ball in ball bearing are established, and the
numerical integral method is enployed to obtain system’ s reponses, and the vibration characteristics of ball bearing faults
are analyzed T he results show the rotor-ball bearing-stator coupling model and the nev ball beating fault models are correct
and effective

Key words aero-engine; rotor-ball bearing-stator; coupling dynamics ball bearing fault modeling
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