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Nonlinear Parameter Identification of a Partial Rubbing Rotor
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Key Words : Partial rub($# 3] v}2), Nonlinear system identification(¥]41% H A8 %), Anisotropic(o'§4)
ABSTRACT

To model and understand the physics of partial rub, a nonlinear rotor model is investigated by applying nonlinear parameter
identification technique to the experimental data. The results show that the nonlinear terms of damping and stiffness should be
included to model partial rotor rub. Especially, the impact and friction during the contact between rotor and stator are tried to
explain with the nonlinear model on the basis of experimental data. The estimated nonlinear model shows good agreements between
numerical and experimental results in its orbit.
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Fig. 2 Experimental apparatus, RK-4 Rotor Kit
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Fig. 4 Model estimation process
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Table 2 Estimated parameters

k, ky c,
3.946 x 10° N/m 1408 X 10'' N/m®  3.720 x 10* kg/s*

BR3AvlY A HZo)| e vlEdd FAL dider
Hhak Al (coefficient of restitution)E ol €% 2d# H3
M8 (piecewise-linear) 2@o] AMEE7|E gt} AHAMY
4 HEuAo] Uig 2eld MAye 8 € 5 Hoy
oA B mdg olgstn et B ApiAe Agd
Z fad 2Esdvid dado) glong ghdAFE o
g Y HANY 2d A" gEg B3 HWH v
B2Y, Zzto] gt HEG o8-S AESAL WA
ol4% 2de £ HAHYE ool spHL
I uhAS r24 AE A ISR HE o

£z vz ded 4 (63 2ok

L

0y

tt oft oo lo ¢

]
i)

A¥oz Qe wAs re 086olTh AN FHE &
PERL z

£ di3ste Runge-Kutta &g
: e &xe A (6)Y HEAFE o)l §E
tt&ol H3E A7 Runge-Kutta ¢313Z02 43 HE
L RHEAY] AYRRE Sk WskE dA yiel
T 89t} Fig 55 WSAFE o83 Xd8 493y
o vjme ageld, d¥gdoz [P A3 AFHY vw
3 2u ghdAlgo o3t XM Ane $HAVE
Hitsht B-Robde #AF FgES Adsrlde FEA
238 noFa 9th Fig. 62 FEIAvido] 2 HE
2dS A AY 29 (@9 #dE 29 (b 9% £33

Of

e 8, to of

15E0RPM 1810RPM 1840 RPM
r
o of o
w 9 ..
E'" / B 0 E‘: 0
@ = i = 3
a a Vs -3 ] 2
B o L { & !
« o o
" - |
- ol
T U e e T T ] B G e e
Oisp () Oisp. {mm) Disp. (mm)

Fig. 5 Orbits(bounce model) for 0.3 mm clearance

Su

(a) (b)
Fig. 6 Contact characteristics

1580 RPM 1610 RPM 1840 RPW.
J
b N
. o )
£n / & ﬂ E: 0
£ £l £ ;
£ £ Ly
N
RO R T T TR TR T i WOT o0 85 8 ar 8 W WoR AT s W e W
Osp. (mm} Disp {mm} Dsp (mm)
(a) piecewise-linear model
1580 RPN 1§10 RPM 1640 RPM
“ N .
& p £ 7 £
g 2 y 5.
o o *
o . N
DO R T TR T WETR W G R W b er 37 & A7 5 46 &
Dasp. (mm) Osp {mem) Disp (mm)
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Fig. 7 Comparison of contact model: experimental(solid
line), numerical(dotted line)

e Wsts 2AS agoln. Az Ao 1Y%
ote] 25 6% 2P we A4 717 Aol US
& & F ok 2y o) & nE FAHMER Fig @)
g )R] A2 b Zart i, & vt AHE
B Y avets AA dIAHE FA A 2d
§ astg e o] A A2 7 RYgdE ¢
+ At

6. Mg el HE
F23oby B HEe 4% FAME0] A2 Tl
A A QA Faed 4% FA €oh Fg
8w AR $HEL T8 AME 7MEE AE
o dE YHE tho)o]aW(waterfall diagram)o.2 F-5-3)Hn}
T A FHAGET T wiegEe] HATE AT £
t} ole Ao zNE UL A Fig 80b)s} ARSIt
FEgAvpd SN T e gE $EHEAS HAEA
o EAR RN TS BoFH o) FE3|Hnbdo
n Ay d4gE st AU Fig 9= =8 B 2
HARE PAANATAYG vag TPo2A FaR udg 8
Mrdo] REFAulde] olg vMY d4e AHY F UL
& H9Fn gt
AL A& vl s|dske £522 F9 A
wrepo] sAzxte]l A3eka dx|ste A 3(forward whirl)
9} whouraRel A3} (backward whi)7h e $F528A4 3
Hupge] 7I0¢ BHzte] A FE FHEY] M A
39} 4M3l 58 TR B avt ok ol 43 olFY
(12]o) oJsf spae Wy AHEZRS ol 43l A
$e Aashs FEANM 24 F Ay A z(1)9
y(t)25E A (D3 Zo] F@PC)

- 666 -



100
Frequency (Hz)

(a) Numerical results

Frequency (H=2)
(b) Experimental results
Fig. 8 Waterfall diagram

os}
E
13
%-04
£
o L
£ a3
[
g
o2
01
63 3 T8 17 8 T 2
Rotational speed, rpm/1000
Fig. 9 Jump phenomenon
r(t)=z(t) +jy(t)= r/ej“’t—}— r,e it 7

4 Mol HRAe oPHoR A% 279 o7
Q) AN AAREH BT 12 o

B Yoz EREY. Fg 0@ S48 fyrdasy 44
Aoz 78 9 g YA 2gemo

Az Ausrs FA9 wYE Az &
U M ANEDS e Zolth Aol BATH: 1550
~ 1670 RPM #9014 9418 42o] 3 4R 233
L GO FL LIS FEEREDE
| B2 2AIA AP Asoln oua eSS o
W gehEe] B 1700 RPMOIA Th 2 43E o
288 ¢ 4 A

Fig. 11& 23] 2707} e Aelels 2padnieo] 24
2w 438 48ARS 4 6% p=0.24% tidal

[+

O

a2
i
o
4
XNy
,%
i
i
K
o
=
3]
e
[
u
=3
nu
2
14
X
o
g
o g

AEA M2 2 dAFE ¢ 5 Aok
ojs} Zo] £ A7l AL ujdy Alag FHHS A&

-300 -200 -100 o
Frequency (Hz)

(a) Numerical results

&
- 0sy .
o
2000
1800
1600
RPM . o0 100 © oo 300
Froquency (Hz)
(b) Experimental results
Fig. 10 Directional FRF diagram
1550 RPM 1550 RPM

3
e 3583

De
. (mm)
Dicp. (mm)
O6p. (mm)

3
3

LR T T T
. (mm).
Esd

\
AN
N

. o
o e iy St
.
. . o
a 2,4
£ § B
o
a
O%sp. (mm) 08p. (mm) Décp. {mm}
1640 RPM 1640 RPM 1640 RPM
. J
I I o
N £l y /
3 ~ B 4
Dizp. {mm) DEp. {mm) D&p. (men)
(a) 0.2 mm (b) 0.3 mm (c) 0.4 mm

Fig. 11 Comparisons between the experimental(solid line)
and the numerical(dotted line) results

- 667 -



gankd A4 FAvAdN BEY, WLRY 5
24t 3847} "%E ¥
j

o.?:.}—;l
[N
ol
A
L:rﬂ::
ﬂgﬁ‘i ox
NN Lz
b Y

)
OG’
2

o
A ok & Qlemz @y
bebo] vhaigolok & olc. & &
Wue Agsie] REsdvie] %
J% WY Bue AN *
oheo] we w4y Z4% el
832 gon o2 FAHYOR
Tahgieh E8 HActEe] BE =
W4 S5 249 v4Y o4 =de 3 4

Ny
> X
N
3

T oUx

o
w X rlo r.>ﬂ. oft

= ¢
> o2

tlo =

ax do oSt (x>
Mdr b g o

"y dp

a
™
2

o;r.‘lr.?‘:rﬂﬁ%rlriri;l
I oo 2

:)
o

of R fo 10 o ok 2 Nl 5O it R
W

_%
3]
ak
o
tlo
fx
38
v

g ae

estAe AUt SRR
(R05-2003-000-11632-0) A ¥oz 43 A&

%4

g n g s

(1) H. F. Black, "Interaction of a Whirling Rotor with a
Vibrating Stator Across a Clearance Annulus,” ]. Mech.
Engr. Sci, 10, 1-12, 1968.

(2)] F. F. Erich and j. J. O’Connor, "Stator Whirl with
Rotor in Bearing Clearance,” ASME, WA/MD-8, 1966.

(3 F. Lin, M P. S and U. AKorde, 2001. "Numerical
Investigation with Rub-related vibration in Rotating

Machinery,” Journal of Bibration and Control, 7, 833-847.
(4) F. K. Choy, F. Padovan and C. Batur, "Rub
Interactions of Flexible Casing Rotor Systems,”
of Engineers, 111, 652-658. 1989.

(5) A. Muszynska and P. Goldman, "Chaotic Responses
of Unbalanced Rotor-bearing Stator Systems with
Chaos Solitons & Fractals, 5,

Journal

looseness or Rubs,”
1683-1704, 1995.

(6) A. Muszynska, "Partial Lateral Rotor
Rubs,” Imech, C281/84, 327-335, 1984.

(1) S. H. Crandall, A. Ligener and W. Zhang, “Backward
Whirl Due to Rotor-Stator Contact,” Proceedings of 12th
Nonlinear  Oscillations,

to Stator

International  Conference on
Cracow, September 27, 1990.
(8) Yeon-Sun Choi, "Experimental Investigation of Partial
Rotor Rub, "KSME International Journal, Vol 14, No.1l,
1250-1256, 2000.

(9) Yeon-Sun Choi, "Investigation on the Whirling
Motion of Full Annular Rotor Rub,” Journal of Sound
and Vibration, Vol. 258, No. 1, 191-198, 2002.

(01) S. A. Billings, "A Direct Approach to Identification
of Nonlinear Differential Models From Discrete Data”,
Mechanical System and Sinal Processing, Vol. 13, pp.
739~755, 1999.

(11) S. Chen, S. A. Billings and W. Luo, "Extended
model set, global data and threshold model identification
of severely non-linear system”, International Journal of
Control, Vol. 50, pp. 1897-1923, 1989.

(12) C. W. Lee, 1994,
Directional Frequency Response Functions for the
Diagnosis of Anisotropy and Asymmetry in Rotating
Machinery:, Theory”, Mechanical Systems and Signal
Processing, Vol. 8, No. 6, pp. 665-678.

"Development of the Use of

- 668 -



