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Controllable Squeeze Film Damper Using an Electromagnet
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ABSTRACT

The paper represents 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 the property of a conventional 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. As the applied current increased, damping ratios increased, while whirling amplitudes greatly

reduced.
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Fig. 1 Rotor test rig with a controllable SFD
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Fig. 2 Controllable SFD with electromagnet

Table 1 Principal dimensions of the SFD

Inner damper diameter 73 mm
Electric coil turns 450
Electric coil resistance 234 Q2
Electric coil diameter 0.3 mm
Radial clearance 15 mm
Inner damper width 10 mm
Centering spring diameter 2 mm

H
k>
ojo
al
ofn
ol
il
ﬂ
Hu

/A 138 A 635, 200311/485



Q2

.
q F-

O

FE g

P———

3. s|MAe E2HYE 3¢

Fig. 32 3534 459 14 9345 1810rpm%
1850 rpmell A &4¥ Ed A%< wWas vehl
I ek SFDel fAl2 FHsE 18R gL AS
of MaElA 22 g g Py Zrtz 7

P AFATC) BAVL FAT & A, wd

Without oil (0 A) |

o

Vertical displacement (mm)
b5 b
> N

o
=

0 A (With oil)

P

-0.8 - e :
-05-04-03-02-01 0 0.1 02 03 04 05
Horizontal displacement (mm)

(a) The first critical speed of vertical direction

Without oil
©A) 1

Vertical displacement(mm)
s o o
N = o 4

o
w

0.3A

0 A (With oil)
0.4 —

04 03

02 01 0 01 02 03 04
Horizontal displacement(mm)

(b) The first critical speed of horizontal direction
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Table 2 Amplitude reduction rate at the first
critical speed of the vertical direction
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Table 3 Amplitude reduction rate at the first
critical speed of the horizontal direction

Amplitude reduction rate (%)
Vertical direction |Horizontal direction
Without oil(0 A) Baseline Baseline
0 A(with oil) - 83 - 191
0.3 A(with oil) - 135 - 440
0.5 A(with oil) - 254 - 602
0.7 A(with oil) - 427 - 717
0.95 A(with oil) - 626 - 787
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Amplitude reduction rate (%)
Vertical direction | Horizontal direction
Without oil(0 A) Baseline Baseline
0 A(with oil) - 511 + 9.3
0.3 A(with oil) - 63.2 - 158
0.5 A(with oil) - 68.6 - 587
0.7 A(with oil) - 752 - 726
0.95 A (with oil) - 84.8 - 804
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Fig. 4 Frequency responses
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Table 4 Amplitude reduction rate at the first
critical speed of the vertical and
horizontal directions
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Fig. 5 Time responses of free vibration

Amplitude reduction rate (%) Table 5 Damping ratios
Vertical direction {Horizontal direction
Without oil(0 A) Baseline Baseline Damping ratio (%)
0 A(with o) - 198 - 124 Vertical direction| Horizontal direction
0.3 A(with oil) - 248 - 212 Without 0il(0 A) 2.37 2.12
0.5 A(with oil) - 35.1 - 335 0 A(with oil) 2.85 2.38
0.7 A(with oil) - 507 - 56.2 0.7 A(with oil) 415 417
0.95 A(with oil) - 755 - 703 0.95 A (with oil) 7.7 6.95
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