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Abstract. The TBRB 01 (Testing Bench for Railway Bearings) is designed for
testing axleboxes in accordance with EN 12082:2017+A1:2021 Railway appli-
cations- Axleboxes- Performance Testing. The subject of the test is a structural
group consisting of a housing body, rolling bearings, in this case, cylindrical
roller bearings, seals, and usually a grease lubricant. A preliminary test is carried
out on such a design group basically run-in of the bearings is carried out. The
preliminary test consists of loading the bearings with a radial force and succes-
sively loading the bearings with an axial force and speed. Subsequently, a per-
formance test is performed during which the bearings are loaded according to the
designed parameters and standards. During the test, temperatures, loading forces,
rotational speeds, air velocity on the axleboxes, etc. are checked. These values
are recorded and evaluated in the test equipment's hardware and software. The
bearings are subjected to thermal, mechanical, and visual criteria in accordance
with the standard. The lubricant is analyzed for the content of selected metals
according to the bearing design.
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1 Introduction

To improve the reliability, durability, capacity, and maintenance of the rail transporta-
tion system, there is a need to ensure the required quality, safety, and efficiency of
axleboxes. Standard EN 12082:2017+A1:2021 (hereinafter referred to as the "Stand-
ard") has been drawn up with the purpose of standardizing the performance testing of
axleboxes for all types of rolling stock. This standard specifies the principles and meth-
ods for a performance test on the test bench. The system under test consists of rolling
bearings, housings, seals, and lubrication grease. The test consists of a bearing run-in,

the so-called Pre-test, and the Performance test itself. [1] These
types of tests are very time-consuming as the distance traveled can be as much as
800,000 km. These tests are therefore also expensive. The aim
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of this article is to clarify the performance tests on the test equipment in accordance
with the standard with a total distance traveled 50 000 kilometers. [2]

2 Materials and methods

The axleboxes tested consist of roller bearings with dimensions 130x240x80. Housing
is called Wing design- Two primary springs besides bearing in the lower half of the
housing. The labyrinth seal is used and full of synthetic lubrication grease.

2.1  Testing Bench for Railway Bearings

In terms of layout, the bench test consists of three main parts: the own test bench, hy-
draulic aggregates, electronics, and control systems.

The own test bench in Figure 1 consists of a steel support plate 1 on which the sup-
porting bearing houses 2 are fixed. [3]
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Fig. 1.Testing Bench for Railway Bearings

The main shaft 3 is mounted in the support bearings, on the ends of which, together
with the bearings, the axleboxes 4 under test are mounted. Radial loads from radial
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hydraulic cylinders 6 are transmitted to the housings through radial fixtures 5, as well
as axial loads from axial cylinders 7 by means of axial fixtures 8. The shaft drive from
the drive electric motor 9 is implemented by a belt drive 10, in which a torque sensor
11 is embedded. Cooling of the axle housings is provided by cooling fans 12. [4]

There are three hydraulic power packs. Aggregate 1 is used for lubrication and cool-
ing of the support bearings. Unit 2 is a reserve for the possible need for lubrication and
cooling of the bearings under test. Aggregate 3 is used for pressure relief in the radial
and axial load circuits. [5]

Test forces Fmand Fa, shall be applied to each axleboxes under test as can be seen in
the Figure 2.

G

Fig. 2. Schematic representation of axlebox loading with test forces Frand Fan

These forces simulate the load on rolling bearings in real operation. A constant radial
forceFm,

Frn=0:6x(Fo_m2Xg)[N] (1)

Where m; is wheelset mass and masses on the wheelset between roiling circles, like
a brake disc, etc. [kg], g is the acceleration due to gravity [m/s?], and Fois

Fozéxmmaxxg[N] 2

Where j is the number of wheelsets per vehicle [-], mmaxis vehicle design mass ac-
cording to EN 15663 [kg].
Alternating axial force in the axle axis Fan.

F,, = 0,255 x (104 + %) [N] 3)
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2.2 Pre-test and Performance test

The preliminary test is carried out in order to monitor the warming-up of the bearings
and for the correct distribution of the lubrication grease. This test consists of four cy-
cles, each cycle consisting of two elementary trips, one in each direction of rotation.
The speeds are 25%, 50%, 75%, and 100% of the maximum rotational test speed nics:.

110XVmax

[rpm] “4)

n =
test 6xnXdgyerage

Wherevmax is the maximum operational speed for normal service for which the ve-
hicle shall be homologated [km/h], « is the Ludolphine number, and dayerage is the aver-
age wheel diameter between new and fully worn condition.

daverage = (dmm;w [m] (5)

Where dminis wheel diameter is at the limit of wear condition [m], and dmax is wheel
diameter in new condition [m].

The applied axial force is 25%, 50%, 75%, and 100% of the nominal axial test force
Fan. The nominal test radial force Fr, is maintained at its nominal value.

The performance test consists of repeated identical cycles. The cycle consists of two
elementary trips, one for each direction of rotation.The elementary trips are separated
by pauses and consist of a start-up phase, a rated speed nisphase, and a deceleration
phase to a final stop. The input values for the performance test can be seen in the Table
1.[6,7]

Table 1.Input values for the performance test

Symbol  Value Description and Unit

Ntest 678 Rotational speed corresponding to vmax increased by 10% [rpm]
daverage 0,86 Average wheel diameter between new and fully worn condition [m]
Fan 24 000 Nominal axial test force [N]

Frn 139800  Nominal radial test force [N]

t 240 Time of 1 elementary trip [min]

Ramp up or ramp down time from n=0—n=ntest0r n=neest —»n=0 dur-

B > ing one elementary trips [min]

t4 220 Time at rotational speed nwesrduring 1 elementary trip [min]
t7 5 Time during which axial test force is applied [s]

to 5 Axial test force recovery time [s]

D 50000 Total distance travelled [km]
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3 Results and discussion

3.1 Pre-test

4 test cycles were carried out during the preliminary test. The revolutions and axial load
were gradually increased from 25% to 50%, 75%, and 100% of the nominal value. The
test run ended when the temperature in the load area and the overheating area stabilized
with the range of 5 degrees for at least 2 hours (see Fig. 3).
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Fig. 3. Temperatures during the Pre-test

3.2 Performance test

The acceptance criteria for the performance test are as follows: temperature criteria,
mechanical criteria, and physico-chemical criteria.

During the performance test, the temperatures in the load zone (1st rows of bearings,
2nd rows of bearings) and target zone (on the outside of the axleboxes) must be meas-
ured in accordance with EN 12082. The measured temperatures must be expressed as a
deviation from the ambient temperature of 20°C according to the equation:

Ty20 = Tym — 0,6 X (Ta —20) (6)

Where T.mis measured temperature for the relevant bearing/axlebox, T, is ambient tem-
perature for the relevant bearing. For each temperature sensor, the maximum tempera-
ture in each elementary trip is selected. The course of temperatures can be seen in figure
4.16,7]
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Fig. 4. Temperatures during the Performance test

Temperature criteria
Measured temperatures were evaluated using temperature criteria according to the
standard EN 12082.

Criterion A: maximum temperature of the bearing in the load zone during each ele-
mentary trip, excluding the first 4 elementary trips. For each axlebox, for max 1 ele-
mentary trip, the maximum temperature may be between 90 °C and 100 °C. The eval-
uation of criterion A can be seen in figure 5.
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Fig. 5.The evaluation of criterion A

Criterion B: maximum temperature in the target zone during each elementary trip,
excluding the first 4 elementary trips. For each axlebox, for a max of 1 % of elementary
trips, the maximum temperature may be between 70 °C and 80 °C. The evaluation of
criterion B can be seen in figure 6.

Criterion C:maximum temperature difference between the loading zone temperature
sensors (comparisons between the inboard bearing row and outboard bearing row sen-
sors are not permitted), simultaneously measured in the course of each elementary trip,



Testing of Axleboxes for Railway Vehicles on the TBRB 01 Test Bench 431

when the highest temperature in any load zone is > 50 °C, excluding the first 4 elemen-

tary trips. For max 2 elementary trips, the max difference may be higher than 15 °C.
The evaluation of criterion C can be seen in figure 7.
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Fig. 6.The evaluation of criterion B
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Fig. 7.The evaluation of criterion C

Criterion D: maximum temperature difference between the two axleboxes, simulta-
neously measured in the target zone in the course of each elementary trip, when the
highest temperature in any load zone is > 50 °C, excluding the first 4 elementary trips.
For max 2 elementary trips, the max difference may be higher than 15 °C. The evalua-
tion of criterion D can be seen in the figure 8.
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Fig. 8.The evaluation of criterion D

Criterion E1: For each load zone temperature sensor of axlebox1, the temperature
difference between the two maxima of temperature was measured during two succes-
sive elementary trips, excluding the first 4 elementary trips. For max elementary trips,

the max difference may be higher than 15 °C. The evaluation of criterion E1 can be
seen in figure 9.
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Fig. 9. The evaluation of criterion E1

Criterion E2: For each load zone temperature sensor of axlebox2, the temperature
difference between the two maxima of temperature was measured during two succes-
sive elementary trips, excluding the first 4 elementary trips. For max 2 % of elementary
trips, the max difference may be higher than 15 °C. The evaluation of criterion E2 can
be seen in the figure 10. [7, §]
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Fig. 10. The evaluation of criterion E2

Mechanical criteria and visual assessment

After the test, and removing all lubrication grease, a visual assessment of the indi-
vidual bearing components shall be carried out. Visual assessment of bearing rings
(outer and inner), rolling elements (figure 11), and bearing cages is the result of no
damage and visible wear.

The assessment of mechanical criteria is as follows. Rollers and bearing rings (fig-
ures 12 and 13) raceways show no visible and no touch-sensitive defects, such as spall-
ing or smearing. The end surfaces of each roller are smooth and polished and it is no

present visual scuffing or rotational score marks. Cages (figure 14) show no breakage
and no visible cracks. [9]

Fig. 11. Rolling elements after the performance test
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Fig. 12. Inner bearing ring after the performance test

Fig. 13. Outer bearing ring after the performance test

Physical-chemical criteria
The lubrication grease is assessed for iron content as standard. Ten samples are as-
sessed in accordance with EN 12082. In this case, the lubricant was not analyzed. The

reason for this is that it is an internal bearing test and the distance traveled is very low.
[10]
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Fig. 14. Cage after the performance test

4 Conclusion

The axle boxes tested met the performance test criteria on the TBRB 01 test rig. Most
of the temperature criteria (Criteria A, B, D, E1, E2) were well below the thresholds
throughout the test.

The tested bearings also met the mechanical criteria (inner and outer bearing rings,
roller elements, and bearing cages) and visual assessment, as no defects appeared on
the surface of the components.

Lubricant analysis has not been performed. This is mainly due to the low total dis-
tance traveled. From experience in testing this type of bearing, it can be said that an
analysis of the lubricant for iron content at this distance traveled would also be satis-
factory.

The reason for this is the relatively low total distance traveled but also the high qual-
ity of the tested bearings and the lubricant used.

Thus, the axle boxes tested generally met the specified test conditions. [11, 12, 13]
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