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Abstract

This paper describes the development of tester and testing methods for monitoring temperature
conditions of preloaded tapered roller bearings with independent cooling of inner and outer ring.
Main purpose of tests is determination temperature characteristic of rings in relation to cooling mode
and optimization of power balance in operating conditions. The operating parameters are monitoring
continuously.

Abstrakt

Tento ¢lanek se zabyva vyvojem zkuSebniho stanovisté a testovacich metod pro monitorovani
teplotnich podminek predepjatych kuzelikovych lozisek s nezavislym chlazenim vnitiniho a vnéjsiho
krouzku. Cilem testovani je urceni teplotni charakteristiky loziskovych krouzkt v zavislosti na
zpisobu chlazeni a optimalizace energetické bilance v provoznich podminkach. Provozni parametry
jsou snimany kontinualné.

1 INTRODUCTION

This article is focused on development of test-bench to research behaviour of preloaded
tapered roller bearings. High requirements on position accuracy and stiffness of shaft fits are required
in some engineering constructions (e.g. spindles of machine tools, pinions of axle drives). Any
operational clearance in these constructions is undesirable so roller bearings have to be preloaded.
The main reasons of bearing preload are according to [1]:

e Enhance stiffness — elastic deformation of preloaded roller bearing is less than the not
preloaded one.

e Reduce running noise — preloaded roller bearings have better movement of rolling
elements in unloaded area and so the bearing running is quieter.

e Enhance the accuracy of shaft support — shaft support in preloaded bearings is guided more
accurately because bearing stiffness is higher and loaded shaft has not got such a deflection
in bearing as shaft in unloaded state.
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e Compensate for wear and settling (bedding down) processes in operation — effect of wear
and deposition of rolling elements in bearing rings induces bearing clearance which is
compensated by bearing preload.

e Give along service life — right choice of preload leads to positive distribution of loading in
the bearing and thereby operating reliability increases and bearing life lengthens.

2 METHOD OF MEASUREMENT
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Fig. 1 Test-bench arrangement

Experimental measurement runs on the test-bench, which was designed specially for this
experiment (Fig. 1). Test-bench consists of two parts — bearing unit and power unit. There are bearing
houses mounted on the rigid frame. In these bearing houses a sturdy shaft is supported by two tapered
roller bearings. Bearings can be loaded by radial and axial force in variable ratio by using a shaping
wheel, which is situated on the shaft. Intensity of bearings axial preloading can be adjusted with
mechanism. Power unit consists of supporting frame and asynchronous electric motor with diagnostic
appliances.
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Measurement on test-bench includes: lost power with/without radial oil seal, effect of axial
preloading and of external load force, and effect of lubrication. Basic bearings monitoring parameters
are torsion moment to calculate of power lost, axial and external force and temperature.



Principal objective of measurement is to determine intensity of passive resistances, which
originate at variable axial preloads, and temperature behaviour of the bearings during test-bench
running. Monitoring of bearings thermal conditions in various operating states and monitoring of the
whole system status towards thermal actions in bearings are the main aim of the task.

As it was mentioned in the introduction, the important feature of the preloaded bearings
system is its stiffness. It affects accuracy of position of rotating parts and system’s vibrations. On the
other hand the preloaded system (usually highly preloaded) is thus very sensitive to changes of
operating conditions. Changes in transmitted power appear immediately in system’s thermal balance.
Different heat expansion of materials and different heat flow into the stationary and rotating parts
results in changes of axial preload. System’s thermal stability is very important for security of service
in these cases.

Independent cooling is one of the methods to improve heat flow away from bearing, shaft and
bearing house. Fig. 2, 3 shows scheme of designed construction. Flow of cooling medium is
controlled by ball valves independently for inner and outer ring.

3 CALCULATING BEARINGS SERVICE PARAMETERS USING BY FEM

Development of FEM model is another field, which can describe structural and thermal
behaviour of roller bearing and complements experimental measurement. Results of experimental
measurement can help to set border condition and verify FEM model.

Fig. 4 Fig. 5 Fig. 6

Since many contacts exercise is solved it was necessary to simplify whole model greatly. So
for the first approximation simplify exercise must be selected, when we think over only axial load of
taper roller bearing. By it is attain that all rolling body are loaded identical. Fig. 4 shows symmetrical
simplification of problem, Fig 5 periodical simplification in singles segments and Fig. 6 symmetrical
simplified segment.

4 RESULTS OF MEASURING
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Fig. 7, 8 shows results FEM model calculation. For the first approximation the symmetrical

simplified segment of taper roller bearing loaded only by axial force is used. By it is attained that all
rolling body are loaded identically.

Monitoring of testing process provides multifunction PCI DAQ cards. To built monitoring and

data processing application the development system with graphical language LabVIEW is used.
Result of testing process with independent cooling shows Fig. 9.
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5 CONCLUSIONS

Designed tester presented in this article allows quick and exact research behaviour of

preloaded taper roller bearings. To describe structural and thermal behaviour of roller bearing the
modern calculating method FEM is used.
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