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Abstract

The main purpose of idlers is to provide the cdrsbaping, support and protection of a belt conveysluce motion resistance as well as
support for transported materials.

The durability of idlers depends on numerous caositsn, engineering and operational factors. Irctica, the idler bearings are often
damaged due to wear and tear, jamming or seizutetten calculated durability does not comply witle ictual lifetime of a bearing
(Antoniak 2007).

According to laboratory and operational practites,quality of currently manufactured standardrglie low and their average durability
is approximately one year (Gtadysiewicz, Orzet, N@§12).

Idlers do not meet the requirements specified éRN-M-46606:2010 standard, even at the stageeafphoduction, which is confirmed
by tests carried out in the Department of Mechdmevices Testing — the Central Mining Institute G3I

Taking the above into consideration, testing stamiish allow the testing of static and dynamic semice of idlers’ movements as well
as stands for examing the idlers’ water-tightnesd dust-tightness in accordance with the PN-M-46B0B0 standard have been
designed and constructed in the Department of MeéchbaDevices Testing — the Central Mining Institut&e abovementioned testing
stands were extended with additional functionshwitgard to the above specified standard, fadiigathe measurement of the
temperature of bearing assemblies and to teshfhence of rotational speed and idler loadingeigards to durability.

The tests were carried out on idlers with diametdrgl33 and@l59 mm, with a bearing assembly equipped with glsiraw ball-
bearing. A newly developed type of hybrid seal ytalth-lip), registered in the Patent Office of tRepublic of Poland under the number
W.121582 on 17 December 2012 (Pytlik, Rabsztyn 204a% used in the idler with the diametergdB3. A typical labyrinth seal was
used in the idler with the diameter @i59.

On the basis of the durability tests carried ouboth of these idlers it can be concluded thatihy@ied research methodology describes
the test conditions of idlers, in a manner as cls@ossible to their actual operational conditiavisich were subject to a variety of
factors for a total time of 116 hours, they incldddust, water, loads and variable rotational sp&&is methodology allowed us to
determine, even at the stage of laboratory tdséssuitability of a particular idler to certain ogonal conditions.
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1. INTRODUCTION ing belt conveyors) can be determined based ortables
provided by the bearing manufacturer in their sakgalogue
and subsequently the load-bearing capacity caraloeilated
and then the most suitable type of idler hub camsddected.
The durability of the idlers depends on numerousstroic-
tion, engineering and operational factors. In pcacthe idler
bearings are often damaged due to wear and t@amijgg or
seizure and the calculated durability does not dgmjth the
actual useful life of that bearing (Antoniak 2007).

According to the PN-M-46606:2010 Polish standahg, t
calculated durability of the bearings adopted i design of
idlers should be not lower than 20000 h of operatid
a speed of 600 rpm.

The durability of bearings is the decisive factdrieh in-
fluences the durability of idlers for belt convegoA typical
design solution of an idler is presented in Figuteelow.

The main purpose of idlers is the correct shapsugport
and protection of a belt, the reduction of motiesistance of
a belt conveyor as well as the support of the parted ma-
terial. The bearing mounting in carrying idlers sists of
a proper inner-bearing mounting of the idler huhickhro-
tates around a stationary axis. Ball bearings aamlyn used
for bearing mounting. The nominal fatigue durabilitf an
idler ball bearing, with the statistical reliabjlibf 90%, is
determined on the basis of a calculation methodig&a
durability amounts from 5000 h to 15000 h (from 1023.6
years when 16 operating hours a day), dependinthemmp-
erating conditions, however not more than the viéaof the
bearing resulting from its impurity. If the bearihgad and
the number of revolutions are known, the fatigueadility
factor for the planned durability (from 3 to 4.5ays for min-
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Fig. 1. Smooth idler for a belt conveyor with a labyrinth seal

Seals extend the durability of bearings. Currenthgar-
ance seals are mainly used (Marcinkowski, Kond@@8Xin
particular labyrinth seals), made of flame-resistalastics.
Figure 2 below presents an exemplary design ofpicdy
labyrinth seal.

Fig. 2. Typical design of a labyrinth seal

According to the results of a test on idler sedicgrried
out by the Department of Mechanical Devices Testifithe
Central Mining Institute (Pytlik et al. 2012), thelp not en-
sure proper water-tightness but, nevertheless #neysuffi-
cient for an effective protection against dust,vited that a
suitable coupling grease, which guarantees a lerng-adhe-
sion to the labyrinth walls is used.

In practice, the manufacturers of idlers also usstact
seals, e.g. lip seals which are very sensitivenpuiities
penetrating between the axis of an idler and ttadiree lip
and it often results in a significant rotation of @ler’s re-
sistance which as a consequence leads to an ieciedbe
temperature of the bearing assembly and this, inesre
cases, can cause a self-ignition of a conveyots bel

Laboratory and operational practices result in bpality
and low average durability (ca. one year) (Gladysie,
Orzet, Noga 2012) of currently manufactured stadslar

Even at the stage of their production, as is cordd by
the tests carried out in the Department of Meclaevices
Testing of the Central Mining Institute, idlers dot meet the
requirements of the Polish PN-M-46606:2010 standard

Taking the above into consideration, the testingchehat
facilitates the testing of static and dynamic resise of idler
movements as well as the bench testing of idleratew
tightness and dust-tightness in accordance with Rblsh
PN-M-46606:2010 standard have been designed atidirtoui
the Department of Mechanical Devices Testing ofGeatral
Mining Institute. The abovementioned testing bemeas
extended with additional functions in regard to #igove
specified standard, to facilitate measuring thepterature of
bearing assemblies and to test the influence ofdtetional
speed and the loading of the idler on its durahilit

2. OBJECTIVES OF TESTING

The purpose of this study was to develop a metloagol
for determining the durability of bearing assembland the
expansion of the existing testing bench necessacarry out
tests on idler durability and the preliminary te$tselected
types of idlers.

3. SCOPE OF TESTS

For the purpose of this study:

a methodology for testing idler durability was dieyed
the existing testing bench has been expanded éotett-
ing of idler durability

preliminary tests on idler durability were carrieat

During the tests, carried out in accordance with gkan-
dard, the following parameters and factors wererdened:
» static and dynamic idler resistance to movement
e dust-tightness and water-tightness

Beyond the scope of the standard, an increasergfer-
ture of bearing assemblies during operation as aglthe
influence of rotational speed and idler load on va&ie of
dynamic rotation resistance were determined.

The tests were carried out on the idlers with di@nseof
@133 andpl59 mm, with a bearing assembly equipped with
a single-raw ball-bearing. A new type of hybridlsgas used
in the idler with the diameter @fL33 (labyrinth-lip) — devel-
oped and registered in the Patent Office of theuRkp of

Poland under the number W.121582 on 17 Decembe2 201

(Pytlik, Rabsztyn 2012), presented in Figure 3. yhidal
labyrinth seal shown in Figure 2 has been usedénidler
with the diameter o§159, presented in Figure 1.

Fig. 3. Bearing assembly with a new seal in accordance with the invention of the
Central Mining Institute no. W.121582 (Pytlik, Rabsztyn 2012)

4. TEST METHODOLOGY

Monitoring the work of idlers in operational coridits led
experts from the Silesian University of TechnolagyGliwi-
ce to the conclusion that (Antoniak 2007) the daensgmp-
toms of an idler do not coincide with each otheréhese there
are some idlers where: the damage is manifestednbin-
crease in temperature, or noise is emitted intoettnaron-
ment or they vibrate. No rule was found becausetlgnosly
one symptom occurred and statistically the mosfueat was
an increase in temperature.

Based on years of research concerning the testiittjeos
in laboratory conditions and research concernirgaireand
maintenance management in mines, the team of odsar
from the Wroctaw University of Technology describiedan
article (Krol, Jurdziak, Gladysiewicz 2008), thdtetbasic
relationship combining the operation time of areiddind the
increase of temperature in the bearing assemhiyeisnain
parameter for indicating the technical conditiontlod idler.
A review of the literature with regards to the sdbjled the
authors of the article to a document written by. IRley
[1994], where idler evaluation was made on thesbasithe
following values of their operational temperature:

» above 5°C in excess of the temperature of the envir
ment — the idler is defective and should be repleaadter

3 weeks
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« above 15°C in excess of the temperature of ther@mvi « The test is carried out for 36 hours in two stagaging
ment — the idler should be considered unrepairabteit the first stage, the idler is rotated at a rotatlaspeed of
should be replaced immediately 600 rpm for 24 h. During the second stage, the idites

After tests undertaken in KWB Turow and KWB Konin not mf,"’e for 12 hours. _The idler is rotated eveyoBrs
L : iy by 90°, so that the main water stream affects thelev
open-pit lignite coal mines, the authors of thiscée deter- erimeter of the sealing svstem
mined the criterion for the evaluation of therndler condi- P gsy '
tions according to the following formula:
74

Taop=Tot + 25, °C

where:
Taop— allowable temperature, °C
Tot — environmental temperature, °C

A similar criterial value of temperature increaseélation
to the abovementioned criterion is presented byl @liewicz Fig. 5. Diagram of the testing stand which tests the water-tightness of the idler
[2003], in which it was assumed that the idlersthed con-
veyor belt were in good technical condition wheeyttare C. Durability test of the idler under load — 4 Im, the stand
were running and did not show any increase of teatpee  according to the diagram presented in Figure 6.
by over 20°C in relation to the environmental terapare.

The methodology of testing the durability of idléos belt
conveyors on the Central Mining Institute’s stasdbased on
the following sequence of tests described in thisPd®N-
M-46606:2010 standard:

A. dust-tightness — 72 h, on the stand accordinthéodia-
gram presented in Figure 4

Fig. 6. Diagram of the testing stand which tests the durability of the idler under load

- e A drive wheel with an engine and weights, whichdidlae
IEEEREEEEE R R RES tested idler with the total force of approximat&ly= 250
N, is installed on the idler which is then placedhe test-
ing stand so that the idler's axis is between thstre
points.
* Subsequently, the shell of the idler is brougho intta-
tional motion at a rotational speed of 600 rpm&dr.

Fig. 4. Diagram of the testing stand for testing the dust-tightness of an idler

* 1.5 kg of industrial talcum powder is poured to theam-
ber with a capacity of 0.75%n
e The chamber is closed and then the talcum is sgraye

through the activation of the internal fan. D. Testing the dynamic resistance of the idler'tation at
« The same talcum should not be used for more than gorotational speed of 600 rpm and the measurenfetiteo

tests. temperature of the bearing assembly by means gfaneter
« After about a minute, the fan is turned off andittier is — 4 h. is carried out on the stand according todiagram in

inserted into the chamber. Figure 7. Regarding the temperature criterion, falewing
« The compressor is turned on for 1 minute as wethas formula has been adopted:

internal fan. The compressor is turned on for oneute Taop = Tot + 25, °C
approximately every 4 hours.

+ The test is carried out for 72 hours in two stagesthe | Staticchuckwith Forcs
first stage, the idler is rotated at a speed of B0 for 48 | 2 Pressure centre point Pyrometer sensor
hours. During the second stage, the idler doesmate
for 24 hours. :f / l

B. Water-tightness — 36 h, on the stand accordinipe dia-

gram presented in Figure 5.

e The tested idler is placed on the testing stanthabthe
idler’'s axis is between the centre points.

e« The chambers with the shower strainers which spatt
water are placed at both ends of the idler, indiaé an
angle of approximately 45° to the idler's axis. Btein-
ers should be fixed so that the distance from geatsur-

face of the idler's sealing systems is approxin}aﬁﬂo Fig. 7. Diagram of the testing stand which tests static and dynamic movement
mm resistance of the idlers for belt conveyors

Clamp

Rotary chuck with | —! Idler
a centre point
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E. dynamic resistance test at various rotationakdp in the 5.1. Test of a smooth idlergl33 mm
range from ca. 30 to 600 rpm in order to deterntiree de-
pendency of dynamic resistance in the idler’s rotel speed 10
function, carried out on the stand according todiagram in i 9
Figure 7. g8
* A clamp adjusted to the idler diameter is placedtlos g ;
tested idler and then the idler is placed in tistiig stand | &
so that the axis of the idler is between the cembiats. 2 ®
e A tensometric force sensor (Z6FC3) is fixed to ¢keemp 8 5
together with a fixing element. g4
» Afterwards, the axis is brought into rotational rontat g 3
a rotational speed in the range from 30 to 600 fom | € 2
about 1 minute. E; 1
Dynamic resistance of the idler’s rotatibg, expressed in 0 0 05 1 15 ) 25 3 35 4

Newtons, is calculated according to the followingnfiula:

Rotation time of the idler, h

Fo = 2FI/d, [N]
where:
F — average readings of the force sensor recordadgdu
60 seconds, N
| — length of the arm on which the force acts (mdrka
the clamp), mm
d — external diameter of the idler, mm

Acceptable values of dynamic rotation resistaneegaren
in the subject standard PN-M-46606:2010. The aatdpt
dynamic rotation resistandg, for smooth idlers with diam-
eters ofpl33 andpl59 mm is 4.5 N.

Tests of dynamic rotation resistance at a rotatispaed
of 600 rpm generates the predominant frequenclgf@mieas-
urement spectrum; 10 Hz. For this reason, in otdemsure
the accurate transfer of the force signal in thedadth to
10 Hz, according to the Nyquist rule in signal sint the

Fig. 8. Test of dynamic resistance of rotation of the idler ¢133 at a rotational speed

sampling frequency should be at least 20 Hz.

of 600 rpm for 4 h
45
40
35
9 30
g 25
= =
©
g 20 yait
e/
&
10
5
0
0 0,5 1 1,5 2 2,5 3 3,5 4

Rotation time of the idler, h

= Temperature of the bearing assembly

Tdop

Therefore, the force measurements are registere@ on rig, 9. Test of the temperature of the bearing assembly during the test of dynamic

computer with the sampling frequency of 20+50 HhisT
range of sampling frequency and the assurancecohtnu-
ous contact of the arm on which the force acts withforce

resistance of rotation of the idler 133 at a rotational speed of 600 rpm for 4 bh;
Taop — allowable temperature, °C

sensor, provides an accurate registration of thatiom re-
sistance.

A force sensor, Z6FC3, accuracy class 0.05%, pexdiuc
by HBM was used for the testing. Temperature measants
are made using a FLUKE pyrometer 572.

5. TESTS RESULTS

Preliminary tests of the durability of idlers foelb con-
veyors on the basis of the developed methodology war-
ried out with regard to smooth idlers with shelamieter of
@133 andpl59 mm. Both idlers were subject to durability
tests, for a total time of 112 hours, accordingpaints A, B,

C of the methodology and subsequently the idlensevgeb-
ject to the final test of dynamic rotation resistartogether

with temperature measurement of bearing assenutiesrd-
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ing to points D and E. The results of the testspaesented in Fig. 10. Test of dynamic resistance of rotation of the idler 133 at a rotational speed

figures 5.1 and 5.2 in the form of graphic charts.

of 600 rpm after 4 h of rotation
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Fig. 11. Test of dynamic resistance of rotation of the idler ¢p133 at a rotational speed
of 215 rpm after 4 h of rotation

Fig. 14. Test of dynamic resistance of rotation of the idler 133 at a rotational speed
of 38 rpm after 4 h of rotation
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Fig. 12. Test of dynamic resistance of rotation of the idler ¢p133 at a rotational speed
of 150 rpm after 4 h of rotation
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Dynamic resistance of idler’s rotation, N
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Fig. 15. A graphic chart showing the dependence of dynamic resistance force in the
rotational speed function of an idler 133 mm; Faop — acceptable dynamic rotation
resistance

5.2. Tests of a smooth idlerpl59 mm

Fig. 13. Test of dynamic resistance of rotation of the idler (133 at a rotational speed
of 105 rpm after 4 h of rotation
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Fig. 16. Test of dynamic resistance of rotation of the idler 159 at a rotational speed
of 600 rpm for 4 h
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Fig. 17. Test of the temperature of the bearing assembly during the test of dynamic
resistance of rotation of the idler 159 at a rotational speed of 600 rpm for 4 h;
Taop — allowable temperature, °C

Temperature was measured after 15 minutes, 1 Hdur,

minutes, 2 hours, 3 hours, and 4 hours.

As temperature measurements during the first haenew

rare, maximum temperature of the bearing assembby mot
recorded during that time.

It is shown on the chart of the registered forceyfamic
rotation resistance. In order to avoid such situretiin the
future, a pyrometer with a continuous measuremérnhe
temperature of the bearing assembly and computgstra-
tion within the intervals, the same as the measargraf the
force of dynamic rotation resistance, was used.

N w B 6] (2] ~ [ee] ©
L

Dynamic resistance of idler’s rotation, N
-

o
o

10 20 30 40 50 60
Rotation time of the idler, s

Fig. 18. Test of dynamic resistance of rotation of the idler ¢159 at a rotational speed
of 600 rpm after 4 h of rotation

Fig. 19. Test of dynamic resistance of rotation of the idler ¢159 at a rotational speed
of 215 rpm after 4 h of rotation
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Fig. 20. Test of dynamic resistance of rotation of the idler @159 at a rotational speed
of 150 rpm after 4 h of rotation
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Fig. 21. Test of dynamic resistance of rotation of the idler 159 at a rotational speed
of 105 rpm after 4 h of rotation
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Fig. 22. Test of dynamic resistance of rotation of the idler ¢159 at a rotational speed
of 38 rpm after 4 h of rotation
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Fig. 23. Dependence of dynamic resistance force in the rotational speed function of
an idler @159 mm; Faop — acceptable dynamic rotation resistance

6. SUMMARY
On the basis of the durability tests of the idlefspl33

mm and @159 mm it can be concluded that the applied re-

search methodology describes the test conditionglefs, in
a manner as close as possible to their actual tipeahcon-
ditions, which are subject to a variety of factfosthe total
time of 116 hours: dust, water, load and varialofational
speed. This methodology allowed us to determinenei the
stage of laboratory tests, the suitability of atipatar idler to
certain operational conditions.

The durability tests described here show that ther iof

@133 mm meets the assumed requirements regarding ?ne
temperature of bearing assemblies and dynamic iontat

resistance. This idler passed all test stages andhearing
seals developed by the Central Mining Institute aegis-
tered in the Patent Office of the Republic of Pdlamsured

its water-tightness and dust-tightness. The sectsted

idler, of @159 mm, did not meet the assumed requirements

with regards to the temperature of bearing assesblly-
namic rotation resistance and water-tightness.

The developed methodology for testing idlers haentsec-
credited by the PCA (Polish Centre for Accredita}iavith
regards to the determination of radial run-out &3l @&s the
static and dynamic resistance of idler rotatione Tarability
tests of the idlers in a dusty environment, wateuaulation
or under load significantly extend the possibilityevaluate
idlers for belt conveyors and can be helpful fanestusers
and designers.
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