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Abstract: It is known that conveyor operates in chemically aggressive and abrasive environments; for this reason
the drive drum of belt conveyor wears out rather rapidly. It is noted that the lining of the conveyor drum increases
coefficient of friction between the conveyor drum and the conveyor belt, reduces the belt wear rate, and also pro-
tects against corrosion and abrasive wear. The plot of the PU-60 polyurethane wear rate as function of load when
rolling on steel is presented. It is noted that increasing the load increases the strength of adhesive junction between
steel and polyurethane rollers; friction wear causes fatigue failure of surface layers of the materials. Besides, the
plot of the PU-80 polyurethane wear rate as function of load when rolling on steel is presented. The plot of the po-
lyurethanes wear rate as function of hardness of polyurethane is presented, which shows that the lowest wear rate is
demonstrated by the hardest polyurethane, PU-80. The bar chart of static friction coefficient for PU-60 and PU-80
polyurethanes demonstrates that the optimal material for lining the drive drum of a conveyor belt is PU-80. The plot
of the rubber wear rate as function of load at a speed of 1 m/s is presented. The plot shows that the wear rate in-
creases with increasing the load. This is due to the effect of two factors: growing contact deformations of the sur-
face layer of the rubber and increasing the contact area of mating parts. It is noted that IRP-1347 rubber is less sus-
ceptible to wear than "REMAGRIP" rubber. This allows using IRP-1347 rubber in aggressive environments. The
bar chart of static friction coefficient for the rubber presented in the paper shows that the investigated IRP-1347 and
REMAGRIP rubber grades have the required value of static friction coefficient for use as lining material for the
drive drum. The plot of the wear rate as function of the rubber hardness and as function of the polyurethane hard-
ness is presented. In practice, it is proved that the best material for lining the drive drum is PU-80.
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AnHoTanus: M3BecTHO, 4YTO KOHBeiep padoTaeT B XUMHUUECKU aKTUBHOM M aOpa3sMBHON Cpenax, 1Mo 3TOH MpUIrHe
NpUBOJTHON OapabaH JIGHTOYHOTO KOHBeWepa ObicTpo M3HamuBaercs. OTMedYeHo, 4To (yTepoBKa KOHBEHEPHOTO
OapabaHa noBbIIIaeT KO3OHUIMEHT TPEHUSI MKy KOHBEHEepHBIM OapabaHOM M TPaHCIOPTEPHOU JIEHTOH, CHIKA-
€T CKOPOCTb M3HAIIMBAHUS JICHTHI, a TAKXKe 3alUINACT OT KOPPO3UH U abpazuBHOro m3Hoca. [Ipeacrasien rpadux
3aBUCHMOCTH WHTEHCHBHOCTH W3HAIIWBaHUS monuyperaHoB [1Y-60 oT Harpy3kw mNpu Kauye€HHUM IO CTaju.
[TokazaHo, 4TO ¢ yBEeNMUYEHHEM HArPYy3KH YBEIMUMUBAETCS IMPOYHOCTh aJAT€3UMOHHBIX COEINHEHUI MEKIY CTaIbHBIM
U TMOJINYPETAHOBBIM POJIMKAMH, MIPU TPEHUM MaTEepHalIbl OBPEXKIAIOTCS BCIEACTBUE YCTAIOCTHOIO pa3pyLIEHHS
MIOBEPXHOCTHBIX cJI0eB. Taxke MpencTaBieH Ipaduk 3aBUCUMOCTY WHTEHCUBHOCTH M3HAIIMBAaHUS I10JIMYPETAHOB
[1Y-80 ot Harpy3ku npu kKadeHuu no cranu. [Ipencrasnena quarpamMma 3aBUCUMOCTH MHTEHCHUBHOCTH M3HAIIMBA-
HUS OT TBEPAOCTH MOJIMypEeTaHa, Ha KOTOPOM BUAHO, UTO caMas MaJeHbKas HHTEHCUBHOCTh M3HALIMBAHMS Y CaMo-
ro tBepnoro nonuyperana [1Y-80. IlpounmoctpupoBana rucrorpamma K03 GuiMeHTa TpeHHUS TOKOsI TIOJINypeTa-
HOB I[1Y-60 u ITY-80, 3 KOTOPO¥ MOXKHO CIIeIaTh BBIBO, 9YTO ONITUMAIBLHBIN MaTepra sl OOTUIIOBKY ITPHUBOTHO-
ro OapabGaHa JeHTOYHOro KoHBeiiepa — 310 I1Y-80. IlpencraBneH rpaduKk 3aBUCHMOCTH HHTEHCHBHOCTH
W3HAIIMBAHMS PE3MHBI OT HArpy3ku npu ckopoctu 1 m/c. M3 rpaduka BUAHO, YTO MHTCHCUBHOCTDh M3HAIIMBAHHS
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BO3pacTacT C MOBBINICHHEM HArpy3kd. DTO OOYCIIOBICHO BIHMSHHEM JIBYX (DAKTOPOB: YBETUYCHHUEM KOHTAKTHBIX
JeopMaIiii TOBEPXHOCTHOTO CJIOSl PE3MHBI ¥ YBEIMYCHUEM TUTOMIA U KOHTAKTa CONpsAraeMbIX jaeraneil. Otmede-
HO, uto pe3uHa WPII-1347 B MeHbIICH CTENEHW TONIACTCS W3HAINIMBAHUIO 10 CPAaBHEHUIO C PE3UHOMN
«REMAGRIP», uto mo3BosisieT eif paboTaTh B arpeCCHBHBIX cpenax. ['ucrtorpamma ko3hhUIIMeHTa TPEHUS TTOKOS
JUTST pEe3WHBI, TpeACTaBlIeHHas B padoTe, IOKa3bIBaeT, YTO Hccieayemble pesmHbl Mapok HWMPII-1347 u
«REMAGRIP» o0nafaroT HCOOXOAUMBIM 3HaUCHHEM KO3(PHUIMEHTa TPSHHS [TOKOS IJIsS MCIIONb30BaHUA MX B Ka-
4yecTBe (hyTEPOBOYHOTO MaTepuaia Jiisl MpuBogHOro Oapabana. IlpencraBneHa quarpamMma 3aBUCUMOCTH WHTCH-
CUBHOCTU W3HAIIMBAHMs OT TBEPIOCTH PE3WHBI M TMONMypeTaHa. Ha mpakTuke IOKa3aHO, YTO HAMIYYIIUM Mate-
pHaIoM [Tt OOJHUIIOBKH MPUBOAHOrO Oapadana seistercs ITY-80.

KuioueBble ci10Ba: MOMUYpETaH, pe3nHa, OOIUIIOBKA, M3HOCOCTOMKOCTh, KOA((MUIIMEHT TPEHHUS MOKOS, JIEHTOY-
HBIi  KOHBeHep, JIMHEHHAas  WMHTCHCUBHOCTh  W3HAIIMBAaHUS,  NPUBOJHOW  OapabaH,  MPOYHOCTH,
pe3nHa, AIacTomep.

Jasa mutupoBanus: ['pumromiko /. B., bpmwxkesuu A. B., [Tuckyn E. B. Beibop marepuana anst oOMHIIOBKY TpH-
BOMHOTO Oapabana JIeHTOUYHOrO  KoHBeiepa. [opuwbie mayku u  mexnonocuu. 2019;4(2):132-143.

DOI: 10.17073/2500-0632-2019-2-132-143.

Introduction

Due to the fact that a conveyor operates in
chemically aggressive and abrasive environ-
ments the drive drum of a belt conveyor wears
out quickly [1]. In order to reduce the wear, the
drum lining is required.

There are several types of lining material
for drive drum. The selected material should
have the following properties:

—high strength and hardness;

—resistance to chemical attack;

—increase the life of the conveyor belt;

—increase friction coefficient between the
conveyor drum and the conveyor belt;

—protect against corrosion and abrasion.

Thus, in the course of the study, it is neces-
sary to study the tribotechnical properties of the
material proposed for lining the drive drum and
determine the material that meets
the requirements and has the necessary proper-
ties [2].

1. Lining of a conveyor belt drive drum.
Drive drums are manufactured by welding with a
shell of sheet steel or by iron casting. Regarding
the drum shape, the drums are made with a cy-
lindrical or convex (barrel-shaped) surface,
smooth or with notches. The drive drum traction
properties are improved by increasing the tension
of the belt or the angle of the drive drum clasp-
ing by the belt, using highly friction lining with
longitudinal or chevron ribs (which contributes
to self-cleaning) [3].

Lining of a conveyor drum increases fric-
tion coefficient between the conveyor drum and
the conveyor belt, reduces the belt wear rate, and
also protects against corrosion and abrasion.

Lining is installed on the conveyor drum
using special adhesives. The lining plates signif-
icantly reduce the belt switch and slipping, as
well as the ingress of cargo onto the drum sur-
face. This all significantly improves conveyor
operation and increases the operation technical
and economic indicators.

The ribbed surface of the drive drum pro-

vides an increase in coefficient of adhesion of
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the belt to the drum and the drive traction factor,
while reducing the required belt tension [4], in-
creasing service life of the belt and its abutting
joints.

The main material used for a drive drum
lining is rubber.

A positive property of rubber is its very
high elasticity. Rubber is amenable to large de-
formations, which are almost completely revers-
ible [5]. In addition, rubber is characterized by
high tensile and abrasion resistance, gas and wa-
ter impermeability, chemical resistance, good
electrical insulation properties, low density, low
compressibility, and low thermal conductivity.

Rubber, as a structural material, in a num-
ber of its properties significantly differs from
metals and other materials. Distinctive features
of rubber are: the ability to withstand significant
deformations without fracture under the influ-
ence of an external load; small values of shear
modulus, modulus of tension, compression mod-
ulus; strong influence of the duration of the ap-
plied load and the temperature factor on the
stress — strain relationship; almost constant vo-
lume during deformation; almost complete re-
versibility of deformation; significant mechani-
cal losses in the process of cyclic deformation.

However, rubber has low abrasion resis-
tance, low operation temperature range, low
modulus of elasticity, and low hardness in rela-
tion to other materials [6].

Polyurethanes are the most versatile mate-
rials available in practical use.

Products made of polyurethane are up to

50 times more wearproof than rubber, plastics, in

some applications, nonferrous and ferrous met-
als. This durability often means that polyure-
thane parts require less material amount for
manufacture and less maintenance, resulting in
significant cost savings.

Polyurethane is one of the most rigid
(Shore 30-95) and the most abrasion-resistant
elastomers, which are not subject to fracture un-
der loads [7]. It has high tensile strength and re-
sistance to incision advancement, resistance to
chopping shocks. Products made of polyurethane
retain their shape and mechanical properties after
cyclic loads.

Products made of polyurethane well with-
stand multiple bends without breaking.

The product operation temperature range is
from —50 to +80 °C, for a short time up to
+100 °C. Polyurethane remains flexible at very
low temperatures and has good resistance to
thermal shock.

Polyurethane has high allowable shear
load, good adhesion to most materials, good
chemical resistance to oils, petroleum, organic
solvents.

The use of polyurethane allows reducing
the product weight by up to 50 %, reducing the
level of vibration and system noise of operating
mechanisms in comparison with metals [8].

2. Polyurethane wear test. With the aim of
determining whether polyurethane can work as a
lining material for a conveyor belt drive drum,
tests were conducted to determine its mechanical
and frictional properties.

The essence of the testing is to determine

friction coefficient of the material under study
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against a counterbody made of steel, as well as For testing, a SMT-1 friction machine was
wear under different loading conditions and used [9].
speed modes. Fig.1 shows the test arrangement.

Fig. 1. Arrangement of the tribological technical tests:
1 — polyurethane roller; 2 — Steel 45 roller
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Fig. 2. The plot of PU-60 polyurethane wear rate as function of load when rolling on steel:
1-1.25mls;2-0.4m/s;3-0.7m/s; 4—1m/s
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Fig. 3. The plot of PU-80 polyurethane wear rate as function of load when rolling on steel:
1-0.25m/s; 2—-0.4 m/s; 3—1m/s

The testing was performed on samples of
PU-60 and PU-80 polyurethane of sizes:
Dinner = 16 mm; Dgyter =40 mm; h = 10 mm. The
testing device was a steel roller covered with the
testing material.

As a counterbody, a roller made of
Steel 45 40 mm in diameter was used.

The tests were carried out at speeds of
0.25m/s, 0.4 m/s, 0.7 m/s, 1 m/s and loads
of 20N, 30N, 50N, 100N for each speed.

After testing, the mass difference of the
samples before and after the tests was calculated.

The linear wear rate was determined using
formula

_Am

=OAs 1)

I

where Am — mass difference before and after
the test, kg;

p — density of the test material (1715.74
kr/m’);

A — friction surface area, m?;

S —slip path length, m.

3. The influence of loading conditions on

the friction and wear of polyurethane.

It can be seen from the graph (Fig. 2) that
with increasing the load, the strength of adhesive
joints between the steel and polyurethane rollers
increases. During friction, materials are damaged
due to fatigue failure of surface layers [10]. The
destruction occurs by separation, which is due to
the gradual destruction of the macromolecule
chains under the action of non-critical loads.

Due to the fact that the speed increases, the
temperature at the contact spots increases too
that leads to increasing the strength of the
formed adhesion joints. This explains the higher
wear rate at higher speed.

It is seen from the graph (Fig. 3) that on
curves 1 and 3, the wear rate decreases. This is
due to the fact that, as the load increase, a shift in
the inner layers of polyurethane occurs. Internal
elastic deformations arise [11], which do not
reach the surface that leads to gradual decrease
in the wear rate.

Curve 1 (Fig. 3) decreases at a large angle
due to the fact that the temperature effect affects

to a lesser extent.
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On curve 2 (Fig. 3), the dependence of the
wear rate on the load is presented by a curve
with a minimum. The wear rate decrease, same
to curves 1 and 3, is due to the displacement of
the inner layers. Increasing wear rate is con-
nected with increasing temperature in the contact
zone.

To select polyurethane suitable for drive
drum lining, tribotechnical characteristics of the
polyurethanes under study should be compared.

It is seen from the graph (Fig. 4) that the
lowest wear rate is demonstrated by the hardest
PU-80 polyurethane. This is due to the fact that
in solid polyurethane has stronger molecular
bonds that does not allow breaking at high
speeds and loads.

4. Determination of static friction coeffi-
cient of polyurethane. Operation of a belt con-
veyor is based on the transfer of traction force by

friction. The traction element of belt conveyors
is a belt, which is also a load-carrying surface.
Throughout the whole length the belt is sup-
ported by stationary rollers. Traction due to the
adhesion of the belt with the drum is transmitted
to the belt by a drive drum, rotation of which
provided by an electric motor through a
gearbox [12, 13]. The tensioning device provides
the belt tension, which is extremely important for
adhesion of the belt to the drum, to prevent slip-
ping of the belt on the drive drums and to limit
the sag between the roller bearings.

The movement of the belt on the drive
drum surface should occur at optimum static
friction coefficient value. This condition is re-
quired to minimize the conveyor belt wear. To
determine the optimal value of static friction
coefficient, tests were carried out, results of
which are given in Table 1 [14].

|
h

1,7-10°°
1,6-107°
1,4-107°
1,2-10°°
1.10°°
8.10 %
6-101°
4.107%°
2:107%°
0

PU-60 PU-80

Fig. 4. The plot of wear rate as function of the polyurethane hardness

Table 1

Data of tests for measuring static friction coefficient

Polyurethane grade

Static friction coefficient

PU-60

1.04

PU-80

0.67
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Fig. 5. The bar chart of static friction coefficient for the polyurethane grades:
1-PU-60; 2 — PU-80

Fig. 6. Arrangement of the tribological technical tests:
1 — rubber roller; 2 — conveyor belt roller

Rubber performance indicators

MISIS

National University of
Science and Technology

Table 2

Performance indicators
Rubber compound
grade Operating temperature range, °C Shore hardness, A
IRP-1347 from —50 to 80 47...57
REMAGRIP from —30 to 80 635
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The histogram of the polyurethane static
friction coefficient (Fig. 5) shows that the stu-
died polyurethanes have the required value of
static friction coefficient for the use as a lining
material for a drive drum. Static friction coeffi-
cient value of PU-80 [15] is sufficient to use this
material in the drive drum lining.

Based on this we can conclude that the
optimal material for the conveyor belt drive
drum lining is PU-80. This polyurethane is dura-
ble. It demonstrated high hardness and wear re-
sistance.

5. Rubber wear testing. The testing was
performed on samples of the testing material
of sizes: Dimer = 16 mm; Dgyer = 40 mm;
h =10 mm, representing a roller (Fig. 6).

As the testing samples, we used rubber
grades presented in table 2 [8, 16].

A roller 40 mm in diameter from the con-
veyor belt was used as counterbody.

The tests were carried out 3 times at a
speed of 1 m/s; the applied loads amounted to
20N; 30H; 50H. After the testing, the arithmetic

Ih

Science and Technology

average of all the wear rate values was calculated
and comparative charts were built.

6. The influence of loading conditions on
friction and wear of rubber

It is seen from the graph (Fig. 7) that the
wear rate increases with increasing the load. This
is due to the influence of two factors [17]:

—contact deformations of the surface rub-
ber layer increase and, as a result, the probability
of fatigue failure of this layer increases.

—the contact area of the mating parts in-
creases and a larger number of adhesive bonds is
formed, accompanied by an increase in the fric-
tion coefficient. As a result, adhesive wear of
rubber proceeds more intensively.

As the speed increases, the temperature in
the contact also increases that leads to the growth
of the contribution of both wear types.

9-10°°
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0 T
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Fig. 7. The plot of the rubber grade wear rate as function of load at a speed of 1 m/s:
1 — IRP-1347 rubber; 2 — "REMAGRIP" rubber
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Fig. 8. The plot of wear rate as function of the rubber grade hardness:
1 - REMAGRIP rubber; 2 — IRP-1347 rubber
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Fig. 9. The bar chart of static friction coefficient for the rubber grades:
1 - IRP-1347; 2 - "REMAGRIP"
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Fig. 10. The plot of wear rate as function of the rubber hardness and as function of the polyurethane hardness :
1 — IRP-1347 rubber; 2 — PU-80
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It is seen from the graph (Fig. 8) that the
lowest wear rate is demonstrated by IRP-1347
rubber. This means that this rubber is less sus-
ceptible to wear than REMAGRIP rubber. This
allows using IRP-1347 rubber in aggressive en-
vironments.

The histogram of the rubber static friction
coefficient (Fig. 9) shows that the studied rub-
bers have the required value of static friction
coefficient for their use as the lining material for
a drive drum. The static friction coefficient
of IRP-1347 rubber is sufficient for using this
material for drive drum lining [18].

7. Comparison of tribotechnical characte-
ristics of rubber and polyurethane. As shown
above, PU-80 polyurethane and IRP-1347 rubber
used for lining the conveyor belt drive drum are
less susceptible to wear.

The diagram (Fig. 10) shows that
polyurethane demonstrates the lowest wear rate.
This is due to the highest resistance to increasing
temperature and load. PU-80 can operate at the
load of above 50 N, while IRP-1347 rubber at
the load of above 50 N starts to deteriorate.

Comparison the values of static friction
coefficient of the studied materials shows that
PU-80 has the lowest static friction coefficient.

Thus, the best material for lining the
drive drum is PU-80.
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