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Abstract: A nen Rotor-to-Stator-contact model iswell developed, which consists of a
rotorw ith wo discsmounted on‘amassless shaft and a stator. Thismodel isused to describe
the bending/torsion-coupled vibrationsof a rotor and an elastic stator due to the contact The
model is suitable to simulate full annular rubs, partial rubs and alo the heavily destructive
dry-friction-whip when the rotor rolls on the stator's inner surface The numerical
calculations show a variety of rotor orbit figures due to the different types of contacts and
reveal the significant influences of all system parameterson the rotor behaviour. The rotor-

stator contact problen can be detected by monitoring the torsional vibration signals
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M H{u} + [DJ{u} + [SHu} =

{fu}+ {fo}+ {fw} (1)
: {u}
{u}= {wa we va ve ® @ wa v}’
{u}, {u} {u}
WV ,
Vsl(t),wsl

(1), ve () ,we(t) ( 1,
va= vi+ asin(fi+ Qt+ §)
ve= Va+ esin(f+ Qt+ B)
wa= wi+ aoos(f+ Qt+ F)
W= W2+ Ezws(ﬁz‘l' Qt + (B)

(2

M ] D]
[M]= diag[mi,mz2,mi,mz, G, @, ms«,Ms]



[D]=
[du di i B:= Sl1€1005(Bl+ Qt+ @) +
daz d2 Slzé(x)s(ﬂz‘f' Qt+ @) + muyg
du d B2= sanaoos(fi+ Qt+ ®) +
dz d2

s2es(f+ Qt+ B) + maog
dTll dTlZ
Bs:= SllﬁSin(Bl+ Qt+ @) +

Slzé'zSiI’l(Bz'l' Qt + CE)

dT21 dT22

ds
L de Bs= suasin(fi+ Qt+ ®) +
3 seesin(fe+ Qt+ @)
[S]=
S11 Si2
S1 S22
S11 Si2
S S22
Sr11 Sr12 (4)
Sr21 Sr22
. @#%F b)#T
L Set!
, {f w} : 2
fuw= {B1,B2,BsA1,A1 0,0} (5)

A= GG)S(Bl‘F Qt + (R) 4 [Sllel' Sll&Sin(ﬁl‘f' Qt + (R) + SpVe - SleéSin(Bz'f' Qt + qg)]-
E1$iﬂ(B1+ Qt + Q?) ¢ [Sli\/\/sl' S11€LCDS(Bl+ Qt + Q?) + SIW - S126C1)S(Bz+ Qt + (B)]
A= eos(fe+ Qt+ B) * [suva - saasin(fi+ Qt+ H) + sovo- szesin(fe+ QU+ P)J-
esin(fo+ Qt+ P> [saws- spaos(fi+ Qt+ ) + sawe- szems(f+ Qt+ B)]

{fu}={0 00 O0M:M20 0" (6) ,

{fon} = {Fy1 0 Fx1 OM <71 0 - Fy1 - Fyu}' : 2
(7) A
(A -Tangential (A -Tangential >
, M 1 0, , 2
e 15 kw ; O -Tangentiar< 0, 180°
el M= (2.07- no)/(n2+ 4.7- 10 %) 0 A ,
ns= - (R/Q);M 0 )
Fyi, Fxi M 11 Fy1, Fat M 11,
32 Fa=- [FlLa+ M|FlLa (8)
Fa=- |FlLa- M[FlLa (9
Mri=- [FlLa®[asin(Bi+ Q+ B) - rLa]l- |FlLa®[rLa- aos(f+ Q+ B)]-

MIFLa®[rLa- aos(Bi+ Qt+ W]+ M[FLa® [asin(f+ Qt+ ®) - rLa] (20)

A (A Tangential , A=+ 1 Qtagenta™ 0, 2= 0 B-tangentia= 0; A= - 1 O -tangentia< O
Wtangentia = (Q+ B)ri- [wa+ a(@Q+ K) *sin(fi+ Qt+ H) - welLa+

[va- a(Q+ ®)*os(fi+ QA+ ®) - wolLa (11)
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L= va- @asin(fi+ Ot+ @) - vy (12)
*/ Wa- @oos(fi+ Qt+ R) - wa]®+ [va- &asin(fi+ Qt+ R) - vs]®
L= W - El(I)S(Bl"' Ot+ B - wy (13)
~/ Wa- @oos(fi+ Qt+ B) - wa]®+ [va- &sin(f+ Qt+ R) - vs]®
F Schw eitzer (101 .o
IF|= sona® &[(3/2 05+ 1] (14)

a i) )

o=0.16 sm,5 o

0= 4/ Wa- @oos(fi+ Qt+ R) - wal’+ [va- asin(f+ Qt+ ®B) - val]’+ ri- ra

(15)

o= 4/ Wa+ 6(Q+ Vsin(fr+ Qt+ B) - wal’+ [va- a(@Q+ R)oos(fi+ Q+ R) - val®

=20 ,
33

: (1)

{y}=- AT 'BHy}+ [A] {p} (17
Ao [M oj o e [D j
R R I e
_ u -~ fu + f tor + T oon

{y} = J {p} = 0 0 o

4
‘m1= m2= 124.05 kg
1 2 ca=0.2x 10 °’m, e= 0
1 2 s pi= B= 0 1
2 = r2= 0.225m 1
2 ;&= @= 3.14 kg- m? 1
2 ‘M 1=M 2= 0 1 2
s lar= la2= 3.068%x 100 ‘m* 1 2
D 1p1= lp2= 6.136% 100 'm* 1
2 fsu= s»= 5.081% 10°N /m, si=
sa= 1.988x 10°N /m pdu=

d2= 3.92% 10°N - s/M, di2= da1i= O
Coru= sre= 4.956% 10°N - m, sri2=
sra= - 4.956x 10°N - m ;
dru= dr2= 1.12N - ms/rad, dr2= drz= 0
yms= 372.15 kg ; Tt

= 0.22545m ss«= 1.484x 10°N /m

(16)
;d«= 2.35x 10" kg/s E
G () Young's
;9. P ()
; Sonteer= 1. 593% 107N /m
“a=0.1 ' F
; Q (
)

w1= 1507.8 r/min, ws2=

2279.4 r/min w1= 0 r/min, w
= 1697.0 r/min ,
1 l ’
1 1 1 H
1 H H
, @
, , 64
1836 64
( 64 64
t 64 ) 1
3 t

, 954.9 r/min
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2998.5 r/min , , ,
1 , )
1 F/kN )
&= 0.45mm, 1 a
u 2100 r/min 2998 r/Mmin
0 135 20.8 Q= 2998.5 r/min, u= 0.01
0.01 1.36 13.0 8 FFT
0.02 1.35 15.0 9 , 2
0.05 5. 46 19. 4 F
0. 08 3.34 15.9 . a= 0.25% &y ,
0.1 1.25 14.6 1 ra= 0.29% &
1 1 ;
' a= 0.4x (Sgap,
’ , 4/3
( ),
, ( 8;
' 2 F/kN
, , 0.25 0 0
Q= 2998.5 r/min  u= 0.01 : 0.29 0.2 0
0.40 19.0 10.5
0.67 22.6 24.0
’ ’ 1.0 32.1 31. 4
' 2.0 45.0 17.6
- - - ( 6 7 33 97.5 23.7
)
, W eigel™ 1997 a, :
1 6:
3.3% &ap ,

Q= 2998.5 r/min, u= 0.15
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