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with Electro-Rheological Fluids
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Abstract — This paper addresses the lubrication analysis of a short squeeze film damper operating
with electro - rheological (ER) fluids which have large and reversible changes in yield shear stres-
ses with respect to an applied electric field. The ER fluids are assumed to be modeled as Bingham
fluids. The governing lubrication equation for the ER short squeeze film damper is developed
on the basis of a Bingham fluid model, and the equation is subsequently solved in order to investi-
gate the effects of the ER fluids on the damping capability of the damper. It is shown that a
substantial increase in damping (both direct and cross coupled) is accomplished by increasing
the yield shear stress of the ER fluids. This significant improvement of the damping capability
suggests that the ER short squeeze film damper could be very effective for reducing the vibration
and controlling the critical speeds of a rotor system.
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Fig. 2. Velocity profile of the electro-rheological fluid.
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Table 1. Increment rates of dimensionless damping coef-
ficients with B=1 to those with f=2
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C : Clearance

C : Dimensionless factor of film force (=
pwR*L/C?)

Cyw C. : Dimensionless direct, cross coupled

damping coefficients normalized by uR®
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L/C.’i
: Diameter of journal
: Voltage
: Eccentricity
: Film thickness

o e =g

: Dimensionless film thickness (=H/C)
F, F.
fh fl

: Tangential and radial film forces
- Dimensionless films force (=F, F/ACp

: Length of journal

v

: Pressure
: Dimensionless pressure (=PC%/uwR?)
: Pressure gradient (=dp/d&)

k=Tl

: Radius of journal

- =

: Dimensionless time (=wT)

£
=
£

: Dimensionless fluid velocity (=U/wR,
V/ieC, W/wR)

Vi : Velocity of journal center (=ew/Cw—

&)

. Cartesian coordinate

: ER fluid sensitivity

. Experimental exponent of ER fluid

: Eccentricity ratio (=¢/C)

=
™

S o oe M

: Dimensionless cross film coordinate
=Y/0)

: Dimensionless circumferential coordi-
nate (=X/R=6"—wT)

D

¢ : Dimensionless axial coordinate (=Z/R)
u : Viscosity

T : Shear stress

T

: Dimensionless shear stress (=TC/
pwR)
Ty : Dimensionless yield shear stress
T,ay ¢ Dimensionless average yield shear st-
ress
® : Frequency of damper journal center
motion
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