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Experimental Parametric Study on the Rotordynamic
Characteristics and Optimal Design of a Flexible
Rotor Supported by a Slotted-Ring Electro-
Rheological Squeeze Film Damper
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Abstract — A discharge free Electro-Rheological Squeeze Film Damper (ER-SFD) with predetermined-clear-
ances at leakage ends can inherently eliminate electric discharge problems while still supplying stable leak-
age control. Test results show that the damping force of the slotted-ring ER-SFD is mainly affected by
electric voltage, oil supply pressure, position of the damper and ratio of effective surface area of slotted-
rings. As the supply voltage is larger, the amplitudes of both slotted ER-SFD and rotor are decreased at first
and second critical speeds. The influence of the oil supply pressure and the effective surface area ratio was
shown mainly near the first critical speed. The effective surface area ratioc of slotted-rings influences the
reduction of flexible rotor vibration. As a result, experimental results confirm that the slotted-ring ER-SFD
satisfactorily controls the flexible rotor vibration, while eliminates the inherent electric discharge problems in
conventional ER-SFDs.

Key words —Slotted Electro-Rheological squeeze film damper, pressurized squeeze film damper, effective
surface area ratio.
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Fig. 1. Coordinate system of a slotted-ring ER-SFD.
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Fig. 2. Flexible rotor system supported by slotted-ring ER-SFD.
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Fig. 3. Discharge free slotted ring ER-SFD.
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Fig. 4. Schematic diagram for slotted-ring ER-SFD data acquisition system.
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Table 1. Characteristics of high voltage amplifier

Characteristics Value
Control input voltage 0~5 Volts
Output voltage 0~5,000 Volts
Maximum current SmA
Working frequency 0~1,000 Hz
Response time of an output signal at
switching from a high level on low 300 psec
Re.spor}se time of an output 31gn.al at 50 usec
switching from a low level on high
Feed power 24 Watts
Feed voltage 24 Watts
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Table 2. Variable parameters of slot ER-SFD system

22 BE WHE A

Variable parameters Value
External supply pressure 0.0/30/60 kPa
Electric voltage 0.0/0.5/1.0/1.5 kV
Effective surface area 0.5/0.7/0.94
Damper location 170/220 mm
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with variable supply pressures at ER-SFD and over-
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Fig. 8. Comparison of unbalance response amplitudes
with variable supply pressures at ER-SFD and over-
hung rotor (E;=3mm, A,=0.7, E =0.0kV, L =170 mm).
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Fig. 9. Comparison of unbalance response amplitudes
with variable supply voltages at ER-SFD and overhung
rotor (E, =3 mm, A, =0.7, Ps=0.0 kPa, L =220 mm).
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0.0 kPa, L = 220 mm).
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with variable effective surface area of electrode at ER-

SFD and overhung rotor (E,=3mm, E=05kV, Ps=

0.0 kPa, L =170 mm).
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