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ROLLERS FOR BELT CONVEYORS IN TERMS OF ROTATION
RESISTANCE AND ENERGY EFFICIENCY

Summary. The paper shows the results of researching the rollers used in belt conveyors
working in a hard coal mine. Rollers should be characterized by low rotation resistance,
which results in low power consumption of the propulsion unit. The tests conducted aimed
to assess the technical condition of the new C-type rollers after several years of operation
in a hard coal mine. The research was carried out from the new approach to the standard
issues of roll testing and verification in a hard coal mine. Laboratory tests were combined
with testing the entire belt conveyor in terms of power demand. The research was carried
out for 3 years and it was monitored how the dynamic resistance of the working rollers
changed and how this translates into the power demand consumed by the belt conveyor in
a hard coal mine. The aim of the research was a new approach to the research of rollers
used in conveyors operating in a mine.

1. INTRODUCTION

In the mining industry belt conveyors for transporting mineral resources are commonly used due to
their high efficiency and continuous operation [30]. Due to the resistance generated by the individual
elements of the belt conveyor, it causes that they generate a high level of demand for power supply and
this is a high cost of their use [16]. Therefore, the current technical solutions focus mainly on new
solutions, for which energy consumption is a very serious issue leading to the improvement of individual
elements of the belt conveyor in terms of operation [25]. The main areas where improvement related to
resistance to movement can be achieved is the selection of individual elements on its route by
appropriate selection of, among others, such elements as rollers, which are its main equipment [12].
The work of the main elements of the belt conveyor, such as rollers, is its main resistance, which is not
determined theoretically but can be determined in a laboratory [10, 14]. There are standards [31, 32]
that propose methods to measure rotation resistance. That is why different research centers use different
approaches to roller testing [15, 20]. Therefore, special attention is paid to experimental tests in which
the resistance to roller rotation is measured directly, with a particular impact of the tested rollers on the
operation of the entire belt conveyor [25]. But because of the high cost of such research in real
conditions, it is not practiced. Research on real objects allows for better verification of the identified
roller rotation resistance values on a laboratory stand. Therefore, the work uses the method of combining
tests of roller rotation resistance in conjunction with a real object, which was a mine belt conveyor
operating in difficult conditions. On the other hand, laboratory tests of rollers were carried out in strict
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accordance with the applicable standards [31, 32], which only define the test methodology and
permissible values of measured parameters. Based on standards, new rollers are usually tested, but no
one tests rollers after a longer period of operation to identify at what level the roller rotation resistance
coefficient is maintained, which was done in this work. It should also be noted that the main and basic
condition to obtain a good effect in terms of reducing the energy consumption of the working conveyor
is the use of rollers with an appropriate structure ensuring not only adequate strength but also
characterized by a guaranteed low rotation resistance of all rollers along the entire length of the working
conveyor [27]. Such an approach to these parameters has not yet been included in any standard. Rotation
resistance and roller durability are a quality feature that is particularly difficult to estimate by the
manufacturer, and the life of the roller under operating conditions is often much shorter than that
declared by the manufacturer. By making a change in the verification of rollers to work in a belt
conveyor, a new and better approach in the selection process is implemented, which generates a change
in the currently functioning criterion-based mainly on laboratory research regarding the impact of the
rolling resistance of the rollers on the better performance of the entire belt conveyor in terms of
resistance [29].

The mining industry generates demand for very large amounts of energy, especially for the executive
departments of the mining sector. These executive sectors consume about 11% of the world's energy
demand [17]. Currently, it is required that the industry, including the mining industry, pay special
attention to the level of consumed energy, among others, to its growing prices, which translates into the
overall costs of mining or production plants. Reducing energy consumption can be achieved in a mining
plant. Result of lowering the energy consumption of the continuous transport equipment used, including
belt conveyors, due to their significant impact on energy efficiency [13]. Although conveyor belts are a
very efficient means of transport, they are also considered the main consumers of electricity in mines, it
is clear that if there is an improvement in overall energy efficiency through lower energy consumption,
this is of great economic importance [1]. In several publications, the authors of research studies have
shown that the improvement of transport systems visibly reduces the total operating costs by up to 30%
[3, 15]. Currently, improving energy efficiency is a very appropriate measure, mainly due to the
reduction of energy costs, especially in the transport of mining materials. There is a wide range of belt
conveyor practice tests that analyze problems from various aspects. In particular, energy efficiency is
analyzed as the main and most important factor, already in the design stage [7, 24, 28]. The investigated
problems to be solved focus on two levels, related to devices and operational. The amount of resistance
to rotation of the roller [19], as well as its durability [4], the resistance of the belt rolling on rolls and
the overall required efficiency of the drive systems [5] are the basic elements and assemblies that are
taken into account in new constructions as well as in modernization existing structures in continuous
use [2]. The influence of standard roller design on rolling resistance and bearing durability for rollers
has been little investigated. The tests were carried out on standard load-bearing rollers but on an energy-
saving conveyor belt [11]. On the other hand, in the lignite mine, the influence of the change of the
working roller load on the efficiency of the tested belt conveyor was investigated [8]. In particular, the
research activities were directed to the construction of the conveyor belt in which altered rubber mixtures
were used, which changed the entire structure of the internal construction of the belt in terms of the
operation of the new belt, it showed that the newly constructed belt also has an impact on the energy
demand [9]. In [8, 9] it has been shown that the use of an energy-saving belt instead of a standard belt
may result in a reduction in energy demand.

The rollers supporting the conveyor’s belt are the most numerous groups of elements, and their right
operation depends on the correct guidance of the belt and its durability, which mainly affects the
generation of the total resistance to movement of the operated conveyor. For this reason, the high quality
of their construction and operation is very important, which translates into the appropriate durability of
the rollers used during their operation. The amount of resistance that rotates the rollers has also been
influenced by the type of lubricant in the bearing cavity, as well as the bearing itself. Furthermore, the
type of seal in the bearing chamber is also important, preventing grease leakage and the entry of
contaminants from the environment [18]. The roller jacket is mainly made of welded steel pipes. The
accuracy of the pipes is of great importance here. Too large of tolerance of pipe diameter and its
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unbalance causes the development of dynamic forces during the operation of the roller, which reduces
its durability [8].

The transport means in Polish factories are belt conveyors. According to different sources from the
literature, in Poland, the total length of the belt conveyor ways is about 2000 km. Also, other extremely
important for other industrial plants where conveyor belts are widely used, such as heat and power
plants, steel plants, metallurgy has a significant impact on reducing energy costs. It follows that this
huge scale of operation of belt conveyors is important in order to reduce the overall energy costs related
to their operation, also dictated by the improvement of their design. The rollers used have a major impact
on both these factors and in particular on the technical condition due to the number of these units that
occurs in the belt conveyor. [7].

The PN-M-46606 standard provides for the use of three groups of L, N, or C type rollers for belt
conveyors operating in various plant environments. For cost reasons, the industry purchases the cheapest
and weakest rolls. Later, the industrial sector does not conduct an appropriate analysis related to the
regeneration, exchange, and power demand of the conveyor with a given type of rollers. This is mainly
motivated by the lack of such purposefulness for a company that mainly cares about mining and does
not employ an appropriate person to conduct such an analysis. Only conducted research can justify the
desirability of such an analysis in terms of cost-effectiveness. Many factories producing rollers offer a
wide range of various types, but as a result of their use in heavy mining conditions, they are not fully
proven in terms of strength and durability. The offered standard, commonly used N-type rollers are
subject to accelerated wear and their constant replacement [32].

In conveyors commonly used in the domestic mining industry, the average distance of a set of rollers
is used on the 1.25 m upper working route and 5 m in the lower belt, which means that there are about
3000 rollers in the mining industry per kilometer of the conveyor [4]. This is a significant amount when
you take into account the costs of purchase and replacement, regeneration, and movement resistance per
1 m® of transported output extracted in the mining plant [7]. The number of rollers used in the mining
industry shows huge potential for savings for this type of industry, not only in the case of extending the
use and operation time of a single roll but also while reducing its resistance to movement, which
translates into total costs. The mining coal industry does not have a written register time to work the
operation time of the rollers, therefore, it is not possible to estimate the working time of the roller for its
replacement, both for newly placed rolls on the belt conveyor and for regenerated rolls. The roll
manufacturers predict that the new N-type rollers should be in service for approximately 4 years without
damage. This information is not appropriate when it comes to the work of these rollers in the difficult
mining conditions of the mining industry. In hard coal mines, the rollers are replaced with new ones
after a month of uninterrupted work. These are data provided by the employees of the coal mine, where
standard N-type rollers are regularly replaced after working around a month on a belt conveyor [21].

Based on data from the supply department, it appears that the mining industry completely replaced
approximately 635,000 pieces of rollers per year. Approximately 290,000 units a year are replaced by
hard coal mines, 180,000 units per year of rolls in the case of lignite mines, about 90,000 rolls per year
in ore mines, about 60,000 units per year in mineral mines, and about 15,000 pieces per year in cement
plants [6]. These data clearly show the benefits of carrying out tests to verify the necessity of using C-
type rolls instead of commonly used N-type rolls (according to the PN-M-46606 standard, C-type rolls
are not commonly used in the mining industry as recommended by the standard) [32]. It is common
practice in large mining plants to maintain reconditioning and repair facilities, which appears to be
common and reduces the costs involved in purchasing new rolls and transporting them to the mining
plant. It does not matter how much work and energy is necessary to repair and regenerate the roller used.
To this can be added the costs related to the plant logistics related to the removal of used idlers, transport,
storage, operational collection, and storage, in which case it becomes questionable whether it is
profitable.

Rollers, which in the case of belt conveyors constitute a significant number in their construction,
generate about 50-60% of the total resistance caused mainly by the movement of the conveyor belt in
the roller sets [21]. It follows that a significant reduction in the demand for power that supplies the drive
of the main belt conveyor can be achieved by using rollers with a correspondingly reduced resistance
value to rotation. The force resulting from the value of resistance to motion depends mainly and to a
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decisive extent on the overall structure and quality of the roller workmanship. Lowering the roller
rotation resistance can only be achieved by:

- proper seating of support bearings,

- choosing the right lubricant for the bearing,

- the use of an appropriate labyrinth seal, securing the bearing,

- adequately rigid entire structure.

All rollers classified for research were subjected to the following tests: checking the external
appearance and condition of the surface, checking external dimensions, checking radial run-out,
checking static resistance torque, checking dynamic rotational resistance, and checking the bearing
condition. Extensions of research not used so far were extended in time. The standard [32] does not
provide for tests of rollers after stretching them in time and monitored after a specified period of
operation on a belt conveyor. In research work, there is no monitoring of the behavior of the operating
parameters of rollers stretched over time. In our case, over a period of three years, an appropriate batch
of fencing was tested, selected for both laboratory and real object tests, during which the changes in the
dynamic resistance of the working rollers and their translation into the power demand of the operating
belt conveyor Gwarek type in a hard coal mine were examined.

The Gwarek type belt conveyor from which they have dismantled rollers for the test is shown in
Figure 1. Excavated material transport conveyor with a maximum capacity of approximately 1200 t/h.
The research was carried out in accordance with the guidelines included in the PN-M-46606: 2010
standard. But it was extended by the research on the operational coefficients of long-stretched crawlers,
which cannot be found in the literature on the subject. This standard provides only testing stands without
testing in extended periods of idler operation on a belt conveyor. So it was decided to change the research
method, which included, in addition to testing and verifying new idlers, continuing the research for a
longer period of their operation. It was supposed to answer the question of how the operational
parameters of the new C-type idlers will change in relation to the parameters after a longer period of
operation on the conveyor, and, in particular, how does the rotation resistance change after this period
of operation [21].

Fig. 1. Rollers selected for testing disassembled from a belt conveyor in a coal mine

2. TESTING PLACE AND RESEARCH OBJECT

The test was carried out on a Gwarek type belt conveyor operating at the 665 m underground, where
N- and C-type rollers for bench tests were assembled and disassembled for bench tests. The distance
between the roller set was in the upper belt at 1.5 m. The upper belt has three rollers in the roller set
with a trough angle of 30°. The lower twin roller set had a tilt angle of 10° to the horizontal and the
distance between the roller sets was 3.0 m. On the other hand, the rollers in the upper and lower bands
had the same diameter of $133 mm, and the mass of only the rotating part of the rollers was 6.9 kg. The
conveyor drive unit consisted of two induction motors with a power of 90 kW, which developed a
rotational speed of 1477 rpm. The gear ratio of the drive unit has two gear ratios i; = 25.6 and i, = 46.9,
allowing us to obtain the belt speed vi =3.15 and v> = 1.6 [m/s]. The conveyor has a belt width B=1.2 m.
The belt is driven by two drive drums working in a loop system with a diameter of ¢ 1000x1400 [21].
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The existing PN-M-46606: 2010 standard classifies the rollers used in belt conveyors according to
the industrial environment and the load they work in. If the rollers are to operate in a light environment
under a low load that does not require demand, then L-type rollers are used. L-type rollers are used
mainly for conveyors with a very low work intensity and at the same time subject to a low load of
transported material (Tab. 1). They are intended and recommended mainly for the transport of light
mining materials. However, for closed plants that do not have a polluted and humid atmosphere, it is
recommended to use N-type rollers, called standard rollers. For work in very difficult conditions,
especially in the mining industry and in a polluted environment, when transporting materials with a very
high specific weight, it is recommended to use C-type rollers. The specific conditions for the use of
rollers are briefly presented in Table 1 [32]. Mining or quarrying plants very often choose the N-type
roll for use mainly at the price offered by the manufacturers. The C-type rollers, due to their design and
workmanship quality, have a much higher price by about 50% compared to the N-type rollers.

Table 1
The range of use of L-, N-, C-type rolls [32]

Types Speed of moving | The specific density of the | The size of the outer diameter of

of the belt material transported on the clods of the transported
rollers v[m/s] the conveyor p[t/m’] material dmax [mm]

L <2.5 <0.85 <100

N <2.5(<3.15) <1.5 (<0.85) <200

C >3.15 >0.8 >200

The standard shows that the N-type rollers, so often used, are designed to work on medium-capacity
belt conveyors, operating in an environment with little dust (Tab. 1). It recommends that in mines for
the transport of coal, rock aggregates and sand, they should be used in the lower belt of the conveyor,
which is not loaded. On the other hand, L-type rollers with a structure similar to N-type rollers (Fig. 2a)
should not be used in mining conditions only for light work with low efficiency and low load. The
bearings of these rollers are exposed and only secured with an outer seal. The general design of these
rollers causes that under load, the bearing seat is deformed and destroyed. Figure 2b shows the
deformation of the N-type roller under load under operating conditions in a coal mine.

a)

Fig. 2. The appearance of N-type roller hub (a) and diagram of deformation under overload (b) [21]

The tested C-type rollers, which are recommended for operation in heavy mining conditions, are
designed for high loads that occur in conditions typical for hard coal mines, where very difficult
operating conditions prevail, including very high dustiness. Rollers have a strong structure with hubs
made of cast iron pillars into which bearings of higher load capacity are pressed, type 6305 ETN9/C4
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with labyrinth sealing U4Exp type. The entire hub is pressed into a thick-walled tube. The whole is a
rigid structure (Fig. 3).

Tube Bearing Bering housing  Labyrinth Seal

= : :

Shaft Seal Ring

lj<¢ @l
M- X

Fig. 3. The construction of the roller C-type [21]

As mentioned above, the tests were carried out on new C-type rollers (Fig. 4a) before assembly on
the tested conveyor, and to C-type rollers were disassembled from the conveyor operating in the mine
with showing visible signs of wear (Fig. 4b). All verified rollers had the outer surface completely
covered with corrosion and other sediments resulting from typical working conditions in a hard coal
mine. The appearance of the rollers shows that there was a very aggressive atmosphere there.
Contamination of various origins is strongly deposited on the outer surface of the roller (Fig. 4c). There
are also visible rust pits on the outer surface of the rollers, which means that the outer surface of the
rollers of tested is very uneven and heavily contaminated.

Fig. 4. Type C roll tested before assembly (a), C type roll disassembled after 12 months of operation (b), and
24 months of operation (c) from conveyor

2.1. Measurement of external dimensions

The measurement of the radial runout was carried out on a laboratory stand to test the dynamic
resistance to roller motion (Fig. 5). Measurements were made with a dial gauge with a measurement
range of 10 mm and a measurement accuracy of 0.01 mm. On the outer surface of the roller, lines
perpendicular to the axis were marked, which were auxiliary lines, and at the same time marked the
points of measurement of the radial runout. Measurements of radial runout from the outer surface were
made every 10 ° to a complete rotation of the outer surface of the roller. The dial gauge was initially set
in position the dial gauge reads zero. Then the roller was rotated, and the values were read from the dial
gauge. Measurements were taken for each roller on the left side right side and in the middle of the outer
surface.

Fig. 5 shows the average measurement result of the deviation of the radial runout from the nominal
dimension ¢ 133 mm for rolls with dimensions ¢133x465 after the first month of operation (Fig. 5a),
after 10 months of operation (Fig. 5b), and 24 months (Fig. 5¢) of operation on the conveyor. The
measuring points were chosen on the rotating part at a distance of 50 mm from its left edge and the same
on the right side, 50 mm from its right edge, and exactly in the middle part of the tested roll.
Measurements were made with an accuracy of 0.1 mm.
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Fig. 5. Diagram increment of deviations for rollers type C ¢ 133x465 after one month of operation (a), after
10 months of operation (b), and 24 months of operation

Based on the measurements of the outer surface outer diameter of the tested rollers, it appears that
the mean on the right and the left does not differ from the roller nominal value, while in the middle part
of the rollers it is below the nominal value by about 1 mm. The average value is 131.97 mm. Looking
at the maximum and minimum values, it can be seen that after such a long period of operation, apart
from sticking dirt, abrasion and deformation of the outer surface of the rollers also took place.
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Fig. 6. Diagram changes of deviations for rollers type C ¢ 133x465 after 36 months of operation

Based on the measurements of the outer diameter of the outer surface of the tested rolls, after
36 months of operation on the conveyor, it turned out that the rollers had an external surface damaged
to a different range. The overall average turns out to be on the right and the left does not deviate from
the nominal value of the roll. This is because some places-had cavities on the surface. The general wear
of the exemplary rollers is shown in Figure 6 for the right, middle and left parts of the individual rollers.
The average value is 133.12 mm. One can notice very uneven wear on their surface for individual rollers.
Looking at the maximum and minimum values, it can be noticed that after such a long period of
operation, in addition to sticking to the dirt, there was also abrasion and deformation of the work rollers'
outer surface, which can be seen from the markers of deviations from the average value on the entire
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rotational surface of individual rollers. The largest deviation of the radius values on the left, right, and
center did not exceed 0.80 mm after such a long period of work.

2.2. Testing the static resistance torque of the rollers

The study of the static resistance torque of the rollers was performed on a laboratory stand,
appropriately adapted to this type of research. The axis of rotation of the test roller (1) was fixed in the
centers of the test stand and fixed against rotation. The frame with a two-arm lever (3) is fixed on the
roller. The two-arm lever frame (3) was fixed by means of three clamping screws. The permissible static
load capacity of the tested rollers should not exceed the values given in the PN-M-46606 standard, which
determines the level of resistance at Wiax = 0.6 Nm. It is stated that after the trial period (running-in),
the rollers obtained very high operating parameters, which consequently positively influenced their
static resistance torque.

The obtained results indicate that the average value of the static resistance torque of the rotating
rollers for new rollers is at the level of Wiavwe = 0.37 Nm, which is clearly below the standard which
proposes a maximum value of 0.6. However, after 10 months of operation, the static resistance torque
of the tested rollers decreased slightly to the average value of Wy = 0.3 Nm. With a deviation from the
average value Wo = 0.04 Nm. A clear reduction in the value of the static resistance torque can be seen
after 2 years of roller operation, the average value of which is Wy =0.21 Nm. With a deviation from the
mean value Wo = 0.05 Nm. This resistance value remained after another year of work. The static tests
showed, in comparison with the values recommended in the standard, that the tested rollers have a very
low static resistance torque coefficient. The obtained results are shown in Fig. 7.

New
after 10 months
after 24 months
after 36 months

1 2 3 4 5 6 7 8 S 10 11 12 13 14 15 16 17 18 18 20

Fig. 7. Average values of static resistance torque for the analyzed rollers after the period of 10 months, 24 months,
and 36 months

2.3. Testing the dynamic resistance force to rotation of the rollers

Dynamic resistance force measurements were performed in motion of the rotating roller axis and
fixed on the outer surface of the roller (Fig. 8). This method eliminates the possible negative influence
of the ovality of the shell on the measurement result and at the same time does not affect the disturbance
of the measured force. The value of the resistance torque was made on the stationary external element
in relation to the rotating axis of the roller (1). The roller axis is mounted on one side in a rotary holder
(2) through which the engine revolutions are transmitted through the belt transmission. On the other
hand, the roller axis is supported by a handle (6). The drive unit cooperated with an inverter (4), as a
result of this solution it was possible to smoothly change the rotational speed for the tested rollers (1).
During the measurements, the speed was constant and amounted to 600 rpm according to the



Rollers for belt conveyors in terms of rotation resistance and energy efficiency 65

requirements dictated by the PN-M-46606 standard. To the outside of the test roller (1), a clamp ring
(3) is attached to the arm base so that the roller the outer surface is fixed. During the rotation axis,
relative movement of the axis of the housing causes torque which is transmitted to the arm of the
dynamometer (5) of fixed length (Fig. 8). To measure the dynamic resistance force to the rotation of the
roller shell, an AXIS FB500 type force gauge (5) was used. To the engine that drives (2) the
measurement position, the inverter (4) is connected with which to maintain a constant rotor speed
(it was possible to control the speed of the engine) [21].
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Fig. 8. Stand for roller testing: 1 - tested roller, 2 - drive system, 3 - clamp ring, 4 - inverter, 5 - dynamometer, 6 -
pressure support,7 - support of the stand

Each measurement of the new C-type rollers was preceded by a 20-minute running-in on a laboratory
stand, and further tests were carried out on disassembled rollers after a working period of 2 months, then
after 10 months of continuous operation and after 3 years of continuous operation. For comparison,
dynamic resistance forces were also made for N-type rollers, which were used as standard on the tested
conveyor.

The dynamic test shows (Fig.9) that the rotational resistance for 133x465 rollers after 3 years of
operation, the average value was Wqav. = 1.7 N, with the deviation Wo = 0.33 N. In the case of new
rollers, the average value of the dynamic resistance force was Wiave = 3.1 N, with the deviation Wo =
0.18 N.

W4 [N]

New
after 10 months
after 24 months
after 36 months

1 2 3 4 5 6 7 8 a 10

Fig. 9. Time average values of the dynamic resistance force of the tested rollers

On the basis of the presented graph, it can be seen that the value of dynamic resistances force
apparently dropped after a year of work. It follows that over time, the resistance to rotation of these
rollers decreases. It is the result of their very good sealing. Rollers are seized as a result of dirt entering
the bearing. In general, the tested rollers had dynamic resistance force far beyond the range provided by
the PN-M-46606 standard, which for this group of rolls is Wyax = 4.50 N.
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The standard provides for only one rotational speed for dynamic resistance force tests. On the other
hand, the resistance tests were extended by a different value of rotation speed. The tests were carried
out in the range of 100 to 600 rpm. The results obtained are presented in Fig. 10. The research shows
that at lower rotation speed the rollers are characterized by lower dynamic resistance force and their
value increases with the increasing rotational speed of the tested roll. The conclusion for the conveyor
is that at different speeds of the conveyor belt, the general resistance of the conveyor has a different
value. This analysis will be the subject of further research.

W4 [N] —4—New —fll—after 10 months  =s—after 24 months === after 36 months

2,0 4

15 1

1,0

T e e oo

0,0

0 100 200 300 400 500 600 n [rpm]
Fig. 10. Influence of rotational speed on dynamic resistance force of rollers rotation

3. CONCLUSIONS

The research showed a confrontation of resistance torque of the rollers to the amount of energy
efficiency of the working conveyor under load. These studies are subject to further in-depth research
analysis. The tests of measuring the power demand of a belt conveyor with mounted C-type rollers were
carried out on the conveyor under real conditions with variable load in continuous motion, with full
backfilling with excavated material along the entire length of the conveyor. The recorded values of the
measurement results are presented in Fig. 11. Power consumption tests were carried out for 30 months
[22]. Then, after three years, the tests were repeated, which showed that the structure of the rollers after
three years of operation has not lost its functional properties and can be further exploited in the mine.
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Fig. 11. Average values of the power consumed by the tested belt conveyor
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After this period, none of the installed C-type rollers was damaged. None of the values measured by
the PN-M-46606 standard was also exceeded. The static and dynamic torque is much lower than the
values provided by the standard for this group of rollers.

To sum up the whole research results, the following conclusions were drawn regarding the rollers used
in a coal mine:

- the rollers did not change the external dimensions to an extent that prevent their further use,

- the static torque is well below the value recommended by the standard,

- the dynamic resistance force of the tested rollers is below the value recommended by the standard.

The suitably low values of static and dynamic resistance proved to be correspondingly lower energy
consumption by the drive system of the tested belt conveyor. Due to the change of rollers from type N
to type C, the drive unit consumed 30% less energy. Radial runout showed very high accuracy in the
execution of the new design, which did not change after 2 months of operation on the Gwarek type
conveyor. The use of an SKF 6305 ETN9/C4 bearing with a glass fiber reinforced polyamide cage
results in very low static resistance torque to roller rotation (0.17 + 0.32 Nm). The use of the C4 class
seal of the roller bearing and the U4Exp 62/65 labyrinth seal with the 2L U4 cover of the roller structure,
results in extremely low dynamic resistance force to motion (values 1.44+2.11N) also after a period of
thirty-six months of operation in difficult operating conditions (dust and humidity) in the coal mine.
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