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ABSTRACT

The paper presents the identification of dynamic property of a rotor system with a squeeze film
damper (SFD) using magnetic fluid, An electromagnet is installed in the inner damper of the SFD.
The magnetic fluid is well known as a functional fluid. Its rheological property can be changed by
controlling the applied current to the fluid and the fluid can be used as lubricant. Basically, the
proposed SFD has the characteristics of a conventional SFD without an applied current, while the

damping and stiffness properties change according to the variation of the applied electric current.
Therefore, when the applied current is changed, the whirling vibration of the rotor system can be
effectively reduced. The clustering-based hybrid evolutionary algorithm (CHEA) is used to identify
linear stiffness and damping coefficients of the SFD based on measured unbalance responses.
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Table 1 Principal dimensions of the SFD

Inner damper diameter 73 mm
Electric coil turns 450
Electric coil resistance 234 Q
Electric coil diameter 0.3 mm
Radial clearance 1.5 mm
Inner damper width 10 mm
Centering spring diameter 2 mm
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Table 2 Configuration data of a flexible rotor
system

Length : 560 mm
Diameter : 10 mm

Shaft Young's modulus : 208 GN/m’
Density : 7801 kg/m’
Poisson ratio : 0.3
Disk mass: 809 g
Disk Polar moment of inertia: 568 kg-mm2

Trans. moment of inertia: 327 kg'mm’
Stiffness: 109 N/m

Ball bearing

Table 3 Resonance frequencies and their amplitudes
of the rotor system with SFD using
magnetic fluid

Resonance Peak to peak
Current | frequency (rpm) amplitude (mm)
a) | Reduction Reduction
rate (%) rate (%)
0 2490 | Baseline 1.316 Baseline
0.3 2460 -1.20 0.738 -4392
05 2430 -241 0.628 -52.28
07 2391 -3.98 0.422 -67.93
095 | 2230 -10.44 0.211 -83.97
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system using SFD with magnetic fluid

o 1400
& M d ]
1 | == Measure

5 200 —— ldentified

8 1000}

2

T 800f

5

g 600f

=

8 400f

£ o0}
0 = . . '
1000 1500 2000 2500 3000 3500

Rotating speed (rpm)

Fig.5 Measured unbalance response and identified
simulated unbalance response

1264/ 2428 38 =28/A 1549 A 11 &, 2005



=
Z7hee A%E BT 5+ 9
B7hshe ARG B AAASTE Bekse e
AN o F ZAEH A Alr FAHHI

E® —
P4 L 4
X
_; 18
S L
%
o 16 1
o
» b b
]
!é 14
= | ]
3 2} ]
=
g i 1
g 10 il 1 il 1

0 0.2 0.4 0.6 0.8 1

Applied current (A)
(a) Identified stiffness coefficient

1

Y -
n [+2]

[e]

I

0 0.2 0.4 0.6 0.8 1
Applied current (A)

(b) Identified damping coefficient
Fig. 6 Identified parameters of SFD with

magnetic fluid according to the apphed
currents

o

Identified damping coefficient (Ns/m)

800
Q

& 700
Se00

N W A O
o © O O
o O O O

Horizontal amplitude

-
. O
o O

|
1000 1500 2000 2500 3000 3500
Rotating speed (rpm)
Fig. 7 Frequency response of the rotor system
using SFD without magnetic fluid

BHAST WESE AL AT AA7)e B B
AgaAe BgEs g8 ASR 28T

B8, 14 A¥4E0l U 29 B3 Fig 5%
Table 3027 BREW $71 AR7} F/H25E 7
AR FAHEE JURFE 27t FE QA
A ZaNg AW W AFAEL Aas ¢ 5

A HAAY S 7 AREE mA HH7
Wt 27 gog 1% oo TANAE Has
7] AsME Had ARE Hlslor & A5t 9

2 % o

4B, AYRAE FYRA @S A% F D)
Yoo B4 AR A% 4ES FUsgon
249 298 9L Fig 7o Jehhanh A4+
AZ 29 Aol MM FAsA @S Aol
o] wobd AHAY AFAH] AA ZF7bet
7 WEe] & WAL 2 Fol 1 39S 243
Aok, o) 27) o Fig 5k 22 A
S40) Ve, £ 25 Fo5d Ask we
A $oRRE A0 B2yl dee ¢+ o
AT AAHWE o §3 SFDe) ASANE A7} 2
F7t Z74e0] W AR S FASHT FA LY
o s NY SEANNY I Y= P2YE S F
it

Fig 8ol= AZ/ 82 Agsel @ 34 2
44 AFE olgdd ANY BHY 9% 247
S AbFel DA e A3 T melA

BelxFo), SFD Wiel #A7k gl AselE A
oz A4e A4 L BAAF B3 %S olg
% 2uY 9S FYYH B AolE ek
oo g YeloEE Fe AXPAHS ARY
of el AT AR SFDAINS & Wl
gel WAFAL SHE Hol7] HEPOoR FHHH,
4% PYE TATS 43N XL HelFu

1.8 2

A GA S 0|43 SFDE /welz, SFDY 74

a%e 497402 gdsdnh SFDA Frtste A
5o A7 mehd Yenle HAA] 28 2w
24¢ 2487 95t AH3 7Rl A% s
B XS FRsat 54% 2HE 08w AN

SRASTSSHE=EE/A 159 A 11 3, 20059/1265



2 800
Qe Measured :
§600( | — Identified
()
g 400
200
S O! ]
[o]
I 1000 1500 2000 2500 3000 3500

Rotating speed (rpm)

(b) 02 A

Q@ 800
2 }; -~ Measured }
£ 600} | — identified 1
g 400
£ 200 ‘//j\\_‘_—_j
© rn gy {
£ 1000 1500 2000 2500 3000 3500

Rotating speed (pm)

(d) 0.8 A

2800 Iy ]
- Measured
£ 600 | | — |dentified
B 400
2
g 200
©
5
T 1000 1500 2000 2500 3000 3500
Rotating speed (rpm)
(a) 0 A
2800
a L w Measured
§600 [ — Identified
B 400 |
2 .
g200
©
5 0
T 1000 1500 2000 2500 3000 3500
Rotating speed (rpm)
(c) 04 A
‘2800
;- ------- Measured
5600 | — Identified
3
3 400
g 200
[
3
I 1000 1500 2000

2500 3000 3500

Rotating speed (rpm)

(e) 095 A
Fig. 8 Identification of frequency response for the system using SFD without magnetic fluid

DL

o,
oh
8
au
©
il
=

Zis ege 24K @ o
o7 ARaAE
.q

S
4 3 AN W d2le
.1

Mo 4r N b1 X ot o o

s HAZAdl vEhd

o] AFE ARIAYR A AFT A FAYr| e
Ao s s AARE 2 A5 Bt

T4 )Xol 98 AYYT,

rg &

itd]

b2 gl

(1) Morishita, S. and Mitsui, J., 1992, “Controllable
Squeeze Film Damper (An Application of Electro-
rheological Fluid),” Journal of Vibration and
Acoustics, Vol. 114, No. 3, pp. 354~357,

(2) Zhu, C., Robb, D. A. and Ewins, D. J., 2002,
“Dynamics of Over-hung Rotor with a Disc-type
Magneto-rheological Fluid Damper,” [FToMM 6th
International Conference on Rotor Dynamics, pp.
607 ~614.

(3) Ahn, Y. K., Morishita, S. and Yang, B. S.,
1988, “Directionally Controllable Squeeze Film
Damper Using Liquid Crystal,” KSME International
Journal, Vol. 12, No. 6, pp. 1097~1103,

(4) &97, stE%, FEH, AFZX, 2003, "HAA

1266/8t= 22323 =& /A 159 A 11 &, 2005



AEHAE o[ 43 292 2F Jv]e] FEX A

o) 8T JHAE 22 IF WH, FFA
TeH=EA, A134d, A63, pp. 484~

& o &
S e

(5) Kim, Y. H,, 2004, “Parameter Identification
of Rotor-Bearing System Using Hybrid Evolutionary
Algorithms,” Ph. D. Thesis, Pukyong National

University.

(6) Kameyama, S, 1989, “Introduction of Magnetic
Fluid,” Sanngyoutosyo Kabusikigaisya.

(7) Satio, S., and Kobayashi, M., 1982, “On the
Vibration of a Rotor Supported by Squeeze Film
Damper,” Transactions of the Japan Society of
Mechanical Engineers, Series C, Vol. 48, No. 436,
pp. 1883~1888.

SRLZTSSEHE=RE/A 158 A 11 3, 20054/1267



