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ABSTRACT

A method to calculate spiral vibrations of a multi
bearing rotor on the basis of the Finite Element method
is described. In order to verify the method it is
applied to a simple flexible rotor with two concentrat-
ed masses. In addition, a practical example of a multi
bearing turbine generator is investigated, considering
two effects that might cause spiral vibrations: fric-
ti on in journal bearings and at sliprings.

NOMENCLATURE

c constant added heating efficiency
d diameter

damping coefficient
D modal damping factor
Q matrix containing damping and gyroscopic co-

efficients
f frequency
f vector of the exciting forces
T unit matrix

~ stiffness matrixK stiffness matrix of the rotor alone
T length
m mass

mB mass of a brush
M mass matrix
n rotational speed

number of brushes per circuit
n number of brushes per length
Nl number of degrees of freedom of the system
p proportionality factor for the added heating

efficiency, if it is proportional to the deflec-
tion of the shaft

p* proportionality factor for the added heating
efficiency, if it is is proportional to the
radial acceleration of the shaft

f matrix containing the parameter for the added heat
q proportionality factor for the eliminated heating. efficiency
Q heating efficiency
Q matrix containing the parameter for the eliminated

heat
s oil film thickness
t time
T period of the spiral to complete 3600
T matrix describing the linear relation between the

thermal deflections of all coordinates and the
translatory coordinates at the hot spot

x coordinate for translatory deflections
x vector of all coordinatesx vector for the thermal deflections
öl real part of the "thermal" ei genva 1ue
~ distribution factor for the added heat
1 coordinate for rotational deflections

circumferential angle
A "thermal" eigenvalues
V' imaginary part of the "thermal" eigenvalue
~ friction coefficient
~ temperature
~ radius of a circular orbit
~T thermal deflection of anode in direction of its

maximum
't' shear stress
Q angular velocity of the shaft

subscripts
h horizontal direction
v vertical direction
hs location of the hot spot
T thermal deformation

1. INTRODUCTION

Spiral vibrations are often observed in rotors with
seal rings, sliprings or journal bearings as well as in
connection with shaft rubbing.

In all cases the rotor vibration may induce a hot
spot on the surface of the rotor due to friction and
cause a thermal bow. Thus the vibration changes and the
hot spot and the thermal bow move gradually around the
shaft, decreasing or increasing in magnitude. Fig. 1
shows the polar plot of a vibration observed on the
bearing of a 600 MVAturbine generator resulting from
the described effect.
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