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Steady State Response of a Rotor Supported
on Cavitated Squeeze Film Dampers
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ABSTRACT

The effect of cavitation on the synchronous steady state response of a single rotor supported on

cavitated squeeze film dampers executing a circular centered orbit is investigated theoretically.

The Swift-Stieber boundary conditions and a long bearing approximation are utillized to evaluate

the direct and the cross coupled damping coefficients of a cavitated squeeze film damper. For

typical design parameters, frequency response curves are presented here to exhibit the effect of

cavitation on the imbalance response and transmissibilities for both a flexible rotor and a rigid

rotor. Investigations show that cavitation occured in a squeeze film damper produces bistable jump

phenomena and deteriorates the performance of a squeeze film damper. This arises from that the

large cavity causes substantial increment of the cross coupled damping which has radial stiffening

effect. Furthermore, the large cavity causes the decrement of the direct damping which has pure

damping effect. It is also observed that in the absence of cavitation, both rotor excursion amplitude

and imbalance transmissibilities are very well damped.
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a  : Speed parameter = w/w,

B ! Bearing parameter = pul-(R/c)*/ (M- w,)

2C, : Damping coefficient at rotor center

c : Damper radial clearance

C. : C..-¢*/ulR* = dimensionless cross-coupled
damping coefficient

Cie :C.i +c?/pL R*= dimensionless direct
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SFD

damping coefficient

: Damper journal orbit radius(=e,+e,)

- Resonance frequency ratio = ,/w,

> Rotor excursion amplitude( =g.+ig)

: Dimensionless rotor amplitude at midspan
=g/c

: Dimensionless film thickness

. Retainer spring stiffness

> Rotor shaft stiffness

: SFD axial length

. Rotor-bearing system mass

: SFD bearing radius

. Squeeze film damper
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T, : Transmissibility = transmitted force/
(I1—a)Mau

u . Imbalance parameter

{7 : Dimensionless imbalance = (1—a)u/c

v, : Dimensionless tangential velocity of SFD
journal center = we/wc

a : Fraction of total mass lumped at the
bearings

yei : Phase angle

y T (l—e ) 1/2

0 . Retainer spring speed parameter = w/w;

€ . Dimensionless journal orbit radius = e/c

g : Circumferential coordinate

g. : Cavitation termination position

g. : Cavitation inception position

¢ . Damping ratio at rotor center
=C/[2(1-a)Mw.]

4 . Absolute viscosity of lubricant

0 : Imbalance(= o.+ip,)

) : Angular position of the bearing centerline
= w-!

¢ . Sommerfeld angle

¥ Phase angle

@ . Rotor speed

w. . First pin—pin critical speed of rotor
= {K,/(1—a)M }"*

w. . Natural frequency of rigid rotor on retainer
springs = (K.,/M)'"?

1. M =
~7= "B Y7 (Squeeze Film Damper, SFD)
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