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THE RESONANT VIBRATION OF THE ASYMMETRICAL ROTOR
SUPPORTED IN THE SLIDE BEARINGS
WITH THE FLOATING BEARING SHELL

SUMMARY

In the paper resonance vibrations of the asymmetric rotor supported on journal bearings are analysed. The profile
of bushes is circular and additionally bushes are encased in floating ring with controlled elastic and dumping
properties. It was proved that through modification of the elastic and dumping properties it is possible to limited
the amplitude of resonance vibrations as well as it possible to control frequency at which frequency the resonance
occurs. The diagrams with investigation results are given.
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DRGANIA REZONANSOWE NIESYMETRYCZNEGO WIRNIKA Z PANEWKAMI PLYWAJACYMI

W pracy zamieszczono rozwazania na temat drgan rezonansowych asymetrycznego wirnika podpartego w {ozy-
skach slizgowych. Zarys panewek jest kolowy i dodatkowo osadzone sq one w plywajqcym pierscieniu o regulowa-
nych wlasnosciach sprezysto-ttumiqcych. Wykazano, iz poprzez zmiane tych wlasnosci mozna ograniczac¢ amplitude
drgan w rezonansie, a takze sterowac czestosciq, przy ktorej wystepuje rezonans. W pracy zamieszczono odpowied-
nie wykresy.

Stowa kluczowe: wirnik asymetryczny, tozyskowanie czopu watu, plywajqce panwie lozyska, czestotliwos¢ rezonan-

sowa, wymuszenie kinematyczne

1. INTRODUCTION

In connection with growing speed rotation of any machine
as well as devices, designers try to eliminate unnecessary
phenomenon which can disturb their desirable stable func-
tioning. Rotating bearing shafts are essential structural ele-
ments and with their reliable function many constructions
are dependent on them. The technology knows many meth-
ods for vibration damping called passive or active which
could occur in the rotor rotating system. In this paper, the
author would like to investigate the dynamic and resonant
vibration asymmetric rotor system supported in the cylin-
drical slide bearings where kinematics function is applied.
This kind of input can be frequently observed where rota-
tion speeds of the working machines close to each other can
be changed. Inspiration for this work, which were presented
in 2004 at the Bearing Engineering Conference, gave very
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promising results in work [1] as well as in previous investi-
gations where results are presented in work [2] and [3].

2. MODEL OF THE SYSTEM
AND EQUATION OF MOTION

The model of the rigid rotor supported in the cylindrical slide
bearings where the bearings shell are supported elastically
(floating) is taken into account. The support can be any rub-
ber material, composite material, magneto or electrorheology
liquid where viscoelasticity quality can be changed. The whole
system is controlled by kinematic input from the ground.
The scope of this work was to limit the amplitude of resonant
vibration and the possibility to move the resonant forward or
back depending on the viscoelasticity quality of the elastic
ring. In the system, the rotor asymmetry comes from the un-
symmetrical position of the external load Q1. The model of
the system, as well as supports, is presented in Figure 1.

Fig. 1. Model of the system and bearing supports: a) rotor; b) support “1”’; ¢) support “2”
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As a model of the system, the author has taken into con-
sideration a flat model, which presents steady and constant
pressure distribution in the oil film along the bearing. The
dependence describes pressure distribution and hydrody-
namic uplift forces taken on the base work [4]. Having
specified the expression of hydrodynamic uplift forces on
the base [5] the equation of motion of the system is de-
scribed in form (1).
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where:
Ly, o absolute viscosity of the lubricant
factor for bearing “1” and “27,
R, R, — journal radius for bearing “1” and
‘(277,
Ry — bearing shell radius,
Li,L, bearings length,
€ € .
8 =—L,8, =—2 — clearance for bearing “1” and “27,
Ry Ry
[0 rotation speed,
04,0, — tangential velocity,
B;, B, — radius velocity,
Bi, B, — relative eccentricity,
PBl’ PBZ» Py, Py the hydrodynamical uplift forces
in the bearing “1” and “2”,
0, 0Ly angle of the line between the jour-

nal centre and the centre of the
bush bearing in the bearing “17,
‘(277,

the bearing shell weight and the
rotor weight,

I, I, — moment of interia,
ki, ky stiffness of the elastic support,
c,Co dumping factors,

a, b coordinates of the external load Q1,

amplitude of the ground movement,
frequency of the ground movement,

maximum amplitude of the bearing
journal centres “1” and “2” in
direction &, 1.

3. NUMERICAL RESULTS

The system of equations (1) are strongly out of line and also
coupled to each other, therefore it is impossible to answer
them in an analytical way. That is why for these analyses we
are obliged to use digit simulation methods. Example re-
sults are presented in Figures 2 and 3. The simulation for
different clearance, elastic rigid support and asymmetry are
investigated.
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Fig. 2. Resonant curves for various stiffness of mobile support:
€=10.0001 m, 4, — amplitude of journal vibration in bearing “1”, 4, — amplitude of journal vibration in bearing ‘“2”
R, Ry=0.05m, L;, L, =0.05 m, I, = 4.19 kg'm?, I, = 0.0625 kg'm?, i1, i, = 0.01 Pas
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Fig. 3. Resonant curves for various stiffnesses of mobile support: € =0.0003 m, 4, — amplitude of journal vibration in bearing “1”,
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Because the motion of the journals centre are analysed in
the Cartesian co-ordinate system &, 1 the expression of
Oy, 0y, (.Xl , d‘Z , Bl , BZ , Bl , BZ can be written in the form (2)
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where:

€ =Ry —R, — absolute clearance (bearing “17),
€, =Ry —R, — absolute clearance (bearing “27),
E3,M3 — displacements of the sleeve centre of
mass m,,; in &, m directions (bearing “17),

&,m — displacements of the journal centre in
€ , m directions (bearing “17),

€7,m7; — displacements of the sleeve centre of
mass m,, in § , M directions, (bearing
“),

Es.ms — displacements of the journal centre in
€ , M directions (bearing “27),

&1,1']1 — journal centre velocities in & , 1 direc-
tions (bearing “17),

&3,1']3 — sleeve centre of mass m,,; velocities
in & , m directions,

&5,1']5 — journal centre velocities in & , 1 direc-
tions (bearing “27),

€,.1, — sleeve centre of mass my, velocities
in & , m directions.

4. CONCLUSIONS

Changes of visco-elastic properties in the mobile jour-
nal bearing can be controlled “forwards” and “bac-
kwards” by the apperance of resonances.

The above mentioned effect can be achieved for weaker
and stronger asymmetry of the applied load.
Decreasing stiffness of the support leads to considera-
ble chop of vibration amplitudes (outsaide the resonan-
ce). Practically, the amplitudes of journal tend to zero.
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