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Identification of Dynamic property of Squeeze Film Damper Using Magnetic Fluid
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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 stlffness and damping coefficients

of the SFD based on measured unbalance responses.
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Fig. 1 Schematic view of SFD using magnetic fluid
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Inner damper diameter 73 mm
Electric coil turns 450
Electric coil resistance 234Q
Electric coil diameter 0.3 mm
Radial clearance 1.5 mm
Inner damper width 10 mm
Centering spring diameter 2mm
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magnetic fluid . '
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SFD with magnetic fluid ’
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Table 2 Configuration data of a flexible rotor system

Length : 560mm

Diameter : 10mm

Young’s modulus: 208 G N/m’
Density: 7801 kg/m’

Poisson ratio: 0.3

Shaft

Disk mass: 809 g
Disk Polar moment of inertia: 568 kg-mm?
Trans. moment of inertia: 327 kg'mm’

Ball Bearing | Stiffness: 10° N/m
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Fig. 5 Measured unbalance response and identified
simulated unbalance response

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 -43.92
0.5 2430 -2.41 0.628 -52.28
0.7 2391 -3.98 0.422 -67.93
0.95 2230 -10.44 0.211 -83.97
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Fig. 6 Identified parameters of SFD with magnetic fluid
according to the applied currents
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Fig. 7 Frequency response of the rotor system using SFD
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