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Abstract

In the paper selected problems of the effects of mechanical properties and shape of dry bearing stiding
laver on real stiding distance of contacting siwifaces have been presented. Previously described experimental
results and compurer sinudation results presented in thar paper confirmed and explained why real sliding
distance iy significantly smaller than nominal one — assumed as sum of amplitudes of oscillations measured for
elements of bearing unit, Numerical simulation results are allowing to determine geometrical recommendaion
for sliding surface geometry of bearing material ensuring the biggest possible reduction in real sliding distance.
Elastic deformation of bearing elements, having different geometry, were analysed with the application of MES.
Conlomb friction law was applied to pevform calculations. ANSYS programme was used for solving the problem.
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1. Introduction

Within a framework of investigation that have been done at Faculty of Mechanical
Engineering at Gdansk University of Technology, concerning prediction of the durability
of sliding contact connections, working under microoscillations [7], theoretical
and experimental researches of dry bearing materials of leading in the world greaseiess
bearing producers were performed [6]. These researches were carried out in order to identify
these material’s features, which are responsible for resistance to wear under microoscillation
conditions. Performed analyses of results obtained from resecarch made on real objects —
bearings of guide vane of water turbines [1] — unequivocally indicates, that real sliding
distance is a sum of distance resulted from the nominal working movements - occurring
because of performing function of guide vans — and amplitudes of micro-movements
generated by vibrations of bearing elements. The sliding distance generated by micro-
oscillations appeared to be thé one of most the important factor, influencing the wear
of bearing unit {4], [2].

As it was proved by experiments, the bearing resistance to wear, caused by micro-
oscillations, can be improved by reduction in real sliding distance through introducing the
more flexible bearing layer. It can be obtained for instance by application of small transverse
grooves in the bearing surface [5]. Researches performed on test rig [3], specially designed
for this purpose confirmed this hypothesis.

The geometry of sliding surface, which ensure increase of wear resistance and
sufficiently high fatigue endurance limit of sliding layer, was established using computer
simulations for these type of sliding contacts.
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Fig. 6. Displacement of steel part UX,,, [mm] relative to bearing material resulting from sliding versus depth
nf grove gy fmmf and width of material between groves s, [mmf: ALF — area of low flexibility of geomerry
sliding surface

Transition from A to B point (increase of g..) is causing increase of sliding part
flexibility, what confirms previously presented conclusions. Similar situation is on transition
from A to D point (decrease of sp,.). Both transition from A do C point (decrease of g.w), and
transition from A do E point (increase of sp,;) delays of the occurrence of slide. Earlier
performed simulation for model of specimen, made of bearing material with near half bigger
Young’s module, with geometry with changing depth of groove in the range form 0.7 to 2mm
and distance between them from 6 to 13mm is indicating, that increase of distance between
grooves influences profitably the delay of appearance of slide — what at the beginning seemed
to be contradictory engineering intuition. But in the light of discussed results it should be
regarded as proper results, because searching area, in which previously the results were
obtained. most probably was just located in the field corresponding to right part (from BC
line) of ALF area. In order to check if observed ALF area is not an effect of numerical errors.
caused by very high sensitivity of the solutions results to the assumed number of contact
elements applied in model, simulation in this range of searching with different density
of division on a finite elements was executed. The results obtained in this way were different
in comparison with those presented on the chart with error in range from 0 to 8%. Because
of that it was decided to present the results as in figure 6. The interpretation of the part of the
chart was proposed as follows: for example for s, equal to 12mm increase of depth of the
grooves from O to about Smm (C point) resistance of bearing material to deformations caused
by bending is decreasing -~ although insignificantly. There is very small tendency to angular
misalignment and thus smaller difference of contact stress is observed, what gives delay
in occurrence of slide. Further increase of depth of grooves — going from C to A point —
increase bending flexibility of bearing material but not to such a big extend so that it could be
possible to obtain even uniform pressure distribution between bearing layer and steel surface.
As result of that the effect of angular misalignment it is clear that decrease of resistance
to stide of contacting surfaces is observed. Increase of height of bar of bearing layer over the
value described by A point causes, that his bending flexibility is increasing to such a big
extend, that contact surface of sliding layer has higher ability to fit to flat surface of counter-
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specimen. As a result of this situation, distribution of contact stress is becoming smaller again
and slide is occurring later.

5. Conclusions

On the basis of performed research and analysis it was possible to expiain, why under
microoscillations real sliding distance in units with dry bearing materials is always smaller
than nominal sliding distance. It is effect of elastic deformation of sliding layer caused by
friction force, Observed phenomenon can be helpful to design the system allowing to reduce
the wear of the bearing working under microoscillation. For applied dry bearing material —
as it is shown in the figure 6 — it is possible to increase the resistance of sliding layer up to
273% (for layer with grooves) in comparison to resistance of bearing layer with flat contact
surface.

The effect of high flexibility of sliding layer can be obtained for dry bearing either
by application of highly elastic bearing material or by cutting deep grooves transverse
to expecting slide direction on their sliding surface [5]. But there are same limits: bearing
material of smaller elasticity can usually work with smaller contact stresses. Increase in depth
of grooves distributed at small distances can lead (especially under dynamic load) to
accelerated destruction of sliding layer,

To minimise the effect of stress concentration at the bottom of grooves it is necessary
to correct the geometric shape (rounding at that region).

A special simulation programme have been developed for obtaining the optimum
relation between elastic properties of the bearing layer and its wear rate.
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