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Controllable Squeeze Film Damper Using an Electromagnet
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ABSTRACT

The paper represents the stability of a rotor system with the squeeze film damper (SFD) using an electromagnet. The
electromagnet is installed in the inner damper of the SFD. The proposed SFD has basically property of a conveniional SFD and
variable damping property according to variation of the applied electric current. Therefore, when the applied current is controlled, the
whirling vibration of the rotor system can be effectively reduced in a wide operational speed range. In the present work, the
performance of the SFD was experimentally investigated according to changing the magnetic field strength. When the applied current
increased, the whirling amplitude greatly reduced and the damping ratio also increased.
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Fig. 1 Rotor test rig with a controllable SFD
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Fig. 2 Controllable SFD with magnetic damper

Table 1. Principal dimensions of controllable 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 2mm
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Fig. 3 Whir! orbits at first critical speed for different

currents
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Fig. 4 The effect of magnetic field on the rotor unbalance
response for different currents
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Fig. 5 Time responses for different ;urrents

4, ETA 2 ARISEH

A7 ARG AeolA R sz
HA7WA FAR R B% AAu P oz
Fobd) Qe Awe) AL Ssta ¢ &
38 ¢ Fig. 50l JehUTh 2%& 4 1
#A 2719 AFFHIAZAH Yol Fi
Fon, Bilsts FHAHELS L =0|AEF
7] 93iME AR e Ao vl
ol s () FAWY, e
9 Sgngoln, AER=E: 7hzte] | X
59 R=o sigdch FUd 25

il
s
- -

H mo o ogr

o

9

=y

Lo

oy 1 o
I o2t on

-512 -



0.06

—O— Vertical direction N

0.051

—I— Horizontal direction //15‘

0.04
0.03 A 4?/

o
o
N‘<\

Damping ratio

0.01

0 i 1 | i
0 0.2 0.4 0.6 0.8

Applied current (A)

Fig. 6 Damping ratios for different currents

b F7hgel mekal WFFFALe] FobA
158 A% FrHoz sHH: gdde @
ek of @S WAFHT Agets A
M7t Frhekel AFFHAL HolAE A3
oh b, Fig s 2HE 4E el AF
B ZAv WEE Fig 6o Uehidich 2
ol ZHaul7 oF 06 AL 2 eIt 9,
A8t 3498

N[

1.

-
-‘m’\"‘u

2 W4 K

n_.
ry

7 olge HHE AN W #
Q

5. &

SFD 9 A% & o4
o] dzpd ZAL
AFE WA
%’M WEkeE 2 3
A Fupgol] whek

A17]171 $3iA SFD 9 lﬂv
sttt metA Frlshs
whebA SFD Wl F-o] AR 3H4
o2 gAdstdn, A &

o
A AFE Aolgosd 2o &

oz AN HEY I1FS Y F UL S
gasteh 2 Ao A Atgk AAAE ol g3t
SFD = ER &2 MR F#E of &3 SFD Ko} ¢
ol stal A o] dstr] W At Al
Hg3st7) 7t folsitl, #F AdFAEoRT = (A
& SFD o 38U E W FUkAFl 02 §
HEAS A93 oz Hrgk Agelr.

FF ATEAME SFD o #4418 FYsHA A
ARl F-ets Aol Wste] @& SFD 9 &

o

e JEY Aot

028

(1) Nikolajsen, J. L. and Hoque, M. S.,, 1988, “An
Electroviscous Damper for Rotor Applications,” Transactions
of the ASME, Journal of Vibration and Acoustics, Vol. 112, No.
3, pp. 440~443.

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

(3) <td &, ¥H 4 Morishita, S., ER %i]% o] &3k
oy 2F=2EE B9 B4 FFAEIEFTHY
=iy, A 118 A 23F,pp. 301~306.

(4) Ahn, Y. K., Morishita, S., Yang, B. S., 1998,
Directionally Controllable Squeeze Film Damper Using Liquid
Crystal,” KSME International Joumal, Vol. 12, No. 6, pp.
1097-1103.

(5) Zhu, C., Robb, D. A. and Ewins, D. J., 2002,
“Dynamics of Over-Hung Rotor with a Disc-Type Magneto-
Rheological Fluid Damper,” IFToMM Sixth International
Conference on Rotor Dynamics, pp. 607~614.

(6) Vance, J. M. and Ying, D., 2000, “Experimental
Measurements of Actively Contolled Bearing Damping with an
Electrorheological Fluid,” Transactions of the ASME, Journal
of Engineering for Gas Turbines and Power, Vol. 122, pp.
337~344.

(7) Frederick, J. R. and Darlow, M. S., 1994, “Operation of
an Electromagnetic Eddy-Current Damper with a Supercritical
Shaft,” Transactions of the ASME, Joumal of Vibration and
Acoustics, Vol. 116, pp. 578~580.

(§) Kligerman, Y. and Gottlieb, O., 1998, “Dynamics of a
Rotating System with a Nonlinear Eddy-Current Damper,”
Transactions of the ASME, Journal of Vibration and Acoustics,
Vol. 120, pp. 848~853.

(9) Vance, J. M., Ying, D., Nikolajsen, J. L., 2000,
“Actively Controlled Bearing Dampers for Aircraft Engine
Transactions of the ASME,
Engineering for Gas Turbines and Power, Vol. 122, pp.
466~472.

Applications,” Journal of

- 513 -



