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Abstract: Shaft mass effect on the dynamic behaviour of a rotor supported by fluid film bearings
is studied. The rotor is assumed as a thin disc located on the middle of an elastic shaft, which is
supported by fluid film bearings. Non-zero elastic shaft mass is considered. The journal bearing
is assumed as a short-plain type and it is represented by direct and cross-coupling stiffness and
damping coefficients. These coefficients depend on the angular speed of the system. It is
assumed that an electric motor accelerates the rotor. The electric motor speed is assumed to
be controlled by a second-order transfer function. Simulation results show that for small
values of mass ratio, which is defined as the ratio of the shaft mass to the disc mass, one pair
of complex roots assumes positive real part for a range of rotor speeds and makes the system
unstable. As themass ratio increases, this pair of root becomes stable, but the other pair of com-
plex roots assumes positive real parts and the system becomes unstable again. The system is
always stable for subcritical run but unstable for some speed range for the supercritical run.
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1 INTRODUCTION

Fluid film bearings are commonly used in heavy
rotating machines. In these bearings, the oil film
provides a means of damping, which helps in poss-
ibly attenuating the vibrations in rotors. For a small
vibration about the steady-state equilibrium position
of the journal, linearized bearing stiffness and damp-
ing coefficients are usually determined. The coeffi-
cients give direct and cross-coupled stiffness forces,
which are, in general, non-linear functions of the dis-
placement and angular velocity of the journal. The
journal reaches an equilibrium position and spins at
a constant angular velocity at a position determined
by the angular velocity. Some of the researches con-
centrated on the findings of bearing stiffness and
damping coefficients. One of the pioneering works
belongs to Lund and Thomsen [1].
Most of the rotor dynamic analyses are performed

under the hypothesis of a constant angular speedwith-
out taking intoaccount thenon-linear termsassociated
with angular acceleration during start-up. Pioneering

studies of acceleration through critical speeds belong
to Lewis [2], Baker [3], and Maurer and Weibel [4].
They looked at the problem from the analytical point
of view, employing a force independent of the speed.
The influence of acceleration on the critical speed of
a Jeffcott rotor was studied by Gash et al. [5] and
Hassenpflug et al. [6, 7]. In these studies, constant
acceleration is assumed during start-up. It is shown
that absolutemaximumof thedisplacement amplitude
occurs at an angular velocity greater than the critical
speed of the rotor. For supercritical cases, beating
frequency is also observed. Lee et al. [8] presented a
finite-element formulation that permits the analysis
of transitory response during the acceleration or decel-
eration of an asymmetric rotor–bearing system.
Adiletta et al. [9] studied the non-linear dynamic beha-
viour of a rigid rotor. They claimed that the non-linear
behaviour of the rotor is emphasized with high values
of operating static eccentricity. Ishida and Inoue [10]
investigated both theoretically and experimentally the
non-stationary oscillation of the Jeffcott rotor with
non-linear spring characteristics during acceleration
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