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A Study on Dynamic Characteristics of a Rotor-Bearing System Supported
by Actively Controlled Fluid Film Journal Bearing

Byoung-Hoo Rho* and Kyung-Woong Kim*

ABSTRACT

The paper presents the dynamic characteristics of a rotor-bearing system supported by an actively controlled
hydrodynamic journal bearing. The proportional, derivative and integral controls are adopted for the control algorithm to
control the hydrodynamic journal bearing with an axial groove. Also, the cavitation algorithm implementing the
Jakobsson-Floberg-Olsson boundary condition is adopted to predict cavitation regions in the fluid film more accurately
than conventional analysis, which uses the Reynolds condition. The speed at onset of instability of a rotor-bearing
system is increased by both proportional and derivative control of the bearing. The proportional control increases the
stability threshold without affecting the whirl ratio. However, for the derivative control of the bearing, increase of
stability threshold speed is accompanied by a parallel reduction of the whirl ratio. The integral control has no effect on
stability characteristics of hydrodynamic journal bearing. The PD-control is more effective than proportional or
derivative control. Results show the active control of bearing can be adopted for the stability improvement of a rotor-
bearing system.
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7|lg K, = proportional control gain
k; = stiffness coefficients of the bearing
C =bearing clearance L =length of bearing
¢, =damping coefficients of the bearing m = mass of journal
D = diameter of bearing p = oil pressure
e = mass eccentricity p. = cavitation pressure of oil

g, = cavitation index

h = film thickness

K, =derivative control gain
K, =integral control gain
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P =nondimensional pressure, p LD/W
p, =oil supply pressure

t =time

V. = surface velocity in x direction
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V. = surface velocity in z direction
W = static load of the journal bearing
X, y, z = coordinates

B = fluid bulk modulus

U =oil viscosity

6 = angular coordinate

6, = fractional film content

p = oil density

.

= oil density at the cavitation pressure
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Table 1 Specifications and parameter values

W =981.0(N) D =80 (mm)
L/D=05 C = D/1000
P =00 B =1.0x10°(Pa)
u =0.0290 (Pas) | me =0.080(gr-cm)
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