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Abstract: The article presents a simulation model of a conventional and pipe conveyors created in the 

Tecnomatix Plant Simulation environment. The main objective was to analyse the normal forces, through-

put, and energy consumption of both types of conveyors. The model allows for variable input parameters 

and experimental comparisons. Four experiments were conducted as part of the research, changing the belt 

filling coefficient and the design characteristics of the idlers. The results showed that a conventional 

conveyor transports more material than a pipe conveyor with the same belt width. However, the higher 

productivity of the conventional conveyor is also associated with higher electricity consumption. Con-

versely, for the same amount of transported material, the conventional conveyor has slightly lower energy 

consumption compared to the pipe conveyor. The analysis also confirmed the stability of both systems 

during long-term simulation. The most significant impact on performance was the filling coefficient, 

which directly affected the amount of transported material. The results provide practical insights for 

optimising the design and operation of belt conveyors. 

Keywords: conventional conveyor, pipe conveyor, energy efficiency, simulation, material throughput, 

energy consumption 

1. INTRODUCTION 

Nowadays, belt conveyors play an important role in material transportation methods. 

The development of conveyors and conveyor belts has a long history: as far back as 1890, 
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conveyor belts were already being used to transport ore in mines. One of the main 

problems with conveyor belts at that time was their design. They could not withstand 

long-term loads and wore out quickly. Since then, production technologies have evolved 

and improved significantly, and modern research is shifting its focus to the energy 

efficiency and reliability of systems (Baldwin 2024). 

Konieczna-Fuławka (2025) summarises the current state and modern trends in reduc- 

ing energy consumption: the right choice of conveyor design and preventive main- 

tenance have a striking and decisive impact on reducing energy consumption. The publi-

cation (Bajda et al. 2022) presents solutions that have an impact on the optimization and 

thus the reduction of energy consumption costs by belt conveyors. This is due, among 

other things, to the use of better materials for conveyor belts, which reduce their roll-

ing resistance and noise, and also improve the ability to absorb impact energy from 

material hitting the belt.  Energy consumption is mainly influenced by the use of ap-

propriate drive systems and simulation of their operation. Experimental verification of 

the drive simulation model due to dangerous vibrations is presented by the authors of 

the article Moravič et al. (2024). 

The main source of energy consumption is resistance movements, and the most 

energy-intensive type of resistance is rolling resistance. Zhao et al. (2019) created 

a mathematical model of the indentation rolling resistance of a belt conveyor and showed 

that prediction is the key to reducing power consumption. 

At the level of design parameters for horizontal transport by belt conveyor, the dif- 

ference in conveyor combinations has a significant and striking effect on energy con- 

sumption. Several short conveyors will consume more energy than one longer one. That is 

why authors Jena et al. (2023) recommend using one long conveyor instead of several 

shorter ones. The same conclusion was reached by the authors Grujić et al. (2019), who 

addressed the reliability of belt systems and proposed reducing the number of conveyors 

while maximizing the conveyor length and the possibility of using pipe conveyors. 

He et al. (2010) point out the importance of choosing the correct distance between 

roller supports and its impact on conveyor energy consumption, as well as pointing out the 

relationship between total life cycle cost and belt. The authors propose a mathematical 

model to find the optimal compromise. 

Authors Schützhold et al. (2014) write about the traditional design of conveyor 

systems and note that to improve energy efficiency, it is necessary to evaluate the entire 

electromechanical system – starting with the conveyor belt and idler panel. 

Improving energy efficiency is also about choosing the right conveyor capacity and 

rigidity (Ambrisko et al. 2015). 

Research into energy balance during impact processes also has a place. Authors 

Ambriško et al. (2023) describe this research in the article “Energy Balance of the Dy-

namic Impact Stressing of Conveyor Belts”. 

Along with conventional conveyors, pipe conveyors are also beginning to develop. 

Japan Pipe Conveyor Co., Ltd. has been developing them since 1970. In 1979, the first 
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conveyor of this type was put into operation. The author of the article specifically 

noted the advantages of this type of conveyor (Ford, 1996). 

The simulation approach is becoming increasingly popular and provides an oppor- 

tunity to analyse electricity consumption. Prokuda and Burtnyi (2022) demonstrate the 

possibility of using simulations to analyse electricity consumption for conveyor transport 

in mines. The model created enabled the authors to provide practical recommendations 

for reducing energy consumption in mines. 

At the same time, Mhlongo et al. (2020) point out that poor dynamics and poor 

control of conveyor speed are likely to lead to unnecessary electricity consumption. 

There are many types of combinations of different software for modelling and simu- 

lation for the operation of conveyors and conveyor systems. The article by Dadhich et al. 

(2024) contains information about an automatic material feeding system consisting of 

various parts. The authors created a simulation model of the ASMFS system using 

CAD and also mathematically modelled it using a connection graph. The mass flow of 

material is regulated using the MATLAB programme. 

Since conveyors operate continuously, authors Junglas and Schmedes (2022) focus 

on the difficulties of modelling through discrete-event modelling of the process of 

continuous pouring of bulk materials onto a conveyor belt. In their article, the authors 

propose a solution to this problem using the SimEvents programme. 

Additionally, author Xie (2001) show that taking into account dynamics and design 

features makes it possible to simulate unstable modes, such as the conveyor start-up 

phase. 

When writing about simulations, it is impossible not to mention two interesting 

concepts, such as digital shadow and digital twin. The digital shadow concept is a digital 

representation of a specific conveyor line, which is continuously updated with actual 

data from the equipment (Husár et al. 2024). 

The digital twin concept is used to deepen digital automation and improve man-

agement decisions in the era of Industry 4.0. The model simulates the operation of the 

conveyor and transparently connects to the PLC for instant control of the conveyor 

(Aniba et al. 2024). 

The use of digital twins for conveyors also improves maintenance efficiency. In 

this case, the digital twin concept enables in-depth analysis and faster detection of 

technical problems before they arise using a prediction method (Pulcini and Modoni, 

2024). 

An important factor in using the Digital Twin concept is establishing a connection 

between the real conveyor and its virtual copy.  The authors Liyanawaduge et al. (2023) 

managed to establish this connection in their article by adding the use of Internet of 

Things (IoT) and Virtual Reality (VR). The right combination of these technologies 

ensured smooth operation between the physical conveyor and its digital copy. The use 

of VR equipment made it possible to control the physical system. The accuracy of this 

model is at a high level. 
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2. METHODS AND METHODOLOGY 

The main objective of this article was to create a simulation model of the con-

veyor’s operation (Fig. 1), taking into account the normal forces of this conveyor. 

The work compares the results between a conventional belt conveyor and a closed-

type pipe conveyor. This model was created using the Tecnomatix Plant Simulation 

programme. 

 

Fig. 1. Conveyor model printscreen 

Figure 1 shows the main window of the belt conveyor model, and the second win-

dow called “Settings” shows the model settings, where the basic parameters for its 

operation are set, including: conveyor belt speed, width, etc. In the middle of the main 

window, there is a conveyor: on the left side, there is a bulk hopper, from where the 

material is fed onto the belt, followed by the conveyor itself with idler supports, and 

on the right side, it ends with a discharge chute, where unloading takes place. Above 

the unloading area there are calculated values indicating the amount of material that 

has passed through the conveyor, the hourly productivity, and the calculated produc-

tivity according to the formula. This window also contains numerous tables and other 

blocks used to calculate the conveyor’s throughput capacity and normal forces during 

operation in the simulation. 

The main additional data required for simulation can also be found in the “Set-

tings” window, including geometric characteristics, physical and mechanical proper-

ties of the material, and structural elements. This data makes it possible to calculate 

the normal forces based on the amount of material. This data also includes the follow-

ing: the mass of individual elements – for example, the mass of a single idler, the mass 
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of the belt per metre of length. The number of idlers in the upper and lower panel and 

the distance between them are also taken into account. 

Model calculations are based on adjusted formulas taken from ISO 5048, which re-

placed the now-invalid STN EN 26 3102 standard. 

This model was created for conveyors up to 250 metres long. The main formula 

used to calculate the normal forces is (STN 26 3102, 1995): 

 2 1[ (2 ) cos ][N],H rh rdF f L g m m m m =    + +  +   (1) 

where: 

FH – normal forces [N], 

f – global friction coefficient [–], 

L – belt conveyor length [m]; 

g – gravitational acceleration [ms–2], 

mrh – weight of rotating parts of idlers in the upper run per 1 m of the conveyor belt 

length [kgm–1], 

mrd – weight of rotating parts of idlers in the lower run per 1 m of the conveyor belt 

length [kgm–1], 

m1 – weight of the load per 1 m of the conveyor belt length [kgm–1], 

m2 – weight of 1 m of the conveyor belt [kgm–1], 

δ – belt conveyor inclination angle [°]. 

Based on formula (1), a program code that implements the calculation logic in the 

model and calculates the necessary data and results was created. The code was created 

so that it calculates the individual values required for analysis step by step. First, the 

weight of the rotating parts of the idlers in the upper run per 1 m of the conveyor belt 

length is calculated, then the weight of the rotating parts of the idlers in the lower run 

per 1 m of the conveyor belt length is calculated, as well as the weight of the load per 

1 m of the conveyor belt length. 

After the above calculations, the data is substituted into the final formula for calcu-

lating the normal forces. Please note that this type of force varies depending on the 

amount of material per 1 metre of the belt, which is not a constant value. 

The logic of this model is written in the form of conditional if-else statements (see 

Fig. 2). 

More attention should be paid to the “MaterialQuantityontheBeltTab” table,  

which contains the main data with simulation results. It stores the calculated data 

related to the process of transporting material by a belt conveyor. The table has three 

main columns. The first column shows the moment when the data was recorded, i.e. , 

the simulation time. The second column shows the amount of material on the 

conveyor belt at the recorded moment, with units given in kilograms. The third 

column contains the values of the normal forces that arise during the operation of the 

conveyor. 

 



B. BOBINICS et al. 228 

 

Fig. 2. Screenshot of the code on which the simulation model is built 

2.1. INPUT DATAS FOR SIMULATION  

To implement the experiments, the main goal was to select the correct input data for 

simulation. This input data is shown in the table. The following tactic was chosen: to 

conduct four experiments comparing a conventional conveyor and a pipe conveyor in 

each experiment. 

Table 1 represents the input data for simulations. In these simulations, comparisons 

were made between a conventional belt conveyor (CC) and a pipe conveyor (PC). A total 

of four experiments were performed. 
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Table 1. Input data table for simulations 

  EXP1 EXP2 EXP3 EXP4 

Conveyor type CC PC CC PC CC PC CC PC 

Conveyor length [m] 63 63 63 63 63 63 63 63 

Conveyor speed [m·s–1] 2 2 2 2 2 2 2 2 

Material type Stone Stone Stone Stone Stone Stone Stone Stone 

Belt width [m] 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

Roller inclination angle [°] 30 – 30 – 30 – 30 – 

Dynamic angle of repose [°] 15 – 15 – 15 – 15 – 

Feeding deviation up to [%] –25 –25 –25 –25 –25 –25 –25 –25 

Conveyor filling factor [–] 0.44 0.44 0.8 0.8 0.44 0.44 0.8 0.8 

Efficiency of the drive station [–] 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

Global friction coefficient [–] 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

Weight of idlers in the upper idler panel 

[kg·m⁻1] 
9 4.7 9 4.7 9 4.7 9 4.7 

Number of idlers in the upper idler panel [–] 3 6 3 6 3 6 3 6 

Spacing of idler panels in the upper run [m] 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 

Weight of idlers in the lower idler panel 

[kg·m⁻1] 
8.5 8.5 8.5 8.5 9 4.7 9 4.7 

Number of idlers in the lower idler panel [–] 1 1 1 1 3 6 3 6 

Spacing of idler panels in the lower run [m] 3 3 3 3 0.55 0.55 0.55 0.55 

Weigh of 1m of the conveyor belt [kg·m⁻1] 14.88 14.88 14.88 14.88 14.88 14.88 14.88 14.88 

Gravitation acceleration [m·s⁻2] 9.81 9.81 9.81 9.81 9.81 9.81 9.81 9.81 

In all four cases, the conveyor length is 63 metres, the conveyor belt width is 0.8 me-

tres, the roller inclination angle with a unit of 30 and the dynamic angle of response with 

a unit of 15 are used only in the case of a conventional conveyor. Feeding deviation 

for all conveyor types could reach a maximum of –25%. The conveyor filling factor 

varies depending on the experiment; in Experiments 1 and 3, this unit is 0.44, and in 

Experiments 2 and 4, this unit is 0.8. The global friction coefficient has a value of 0.02 

for all experiments. 

Weight of idlers in the upper idler panel of conventional conveyor has three idlers 

weighing 9 kg each, while a pipe conveyor has six idlers weighing 4.7 kg each. The spac-

ing of idler panels in the upper run is constant for all experiments and equals 0.55 m. The 

values for the lower idler supports differ slightly. In the first two experiments, the values 

for the conventional conveyor and the pipe conveyor are the same, which is 1 idler weigh-

ing 8.5 kg and a spacing of idler panels in the lower run equal to 3 metres. For Exper-

iments 3 and 4, the data changed slightly. In the case of a conventional conveyor, there 

are 3 idlers weighing 9 kg and the spacing of idler panels in the lower run is 0.55 m. In 

the case of a pipe conveyor, there are 6 idlers weighing 4.7 kg and the spacing of idler 

panels in the lower run is also 0.55 m. 



B. BOBINICS et al. 230 

The weight of 1m of the conveyor belt for all experiments is the same and is 14.88 kg. 

In addition to the data in the table, the program code from the figure 2 also contains 

conveyance height with a value of 0.7 m. 

In summary, table shows the main differences between the two types of conveyors 

and between the changes in input data in the experiments. The main difference be-

tween a conventional conveyor and a pipe conveyor is the number of idlers and their 

weight. 

3. RESULTS 

3.1. EXPERIMENT 1 

Graph (Fig. 3) shows the amount of material on the conveyor belt over a 5-hour period 

of Experiment 1 for the conventional and pipe conveyors. Based on this graph, it is 

clear that both conveyors operate steadily, without sharp jumps or drops, not taking 

into account the run-up at the beginning of the simulation, when the values rise from 0. 

Calculating the average value for this case, there is a value of 3002.16 kg for the con-

ventional conveyor (green line), while the value for the pipe conveyor (red line) is 

2593.89 kg. The graph also shows that the conventional conveyor transports more 

material per unit of time. 

 

Fig. 3. Amount of material on the belt for Experiment 1 

The graph (Fig. 4) illustrates energy consumption over five hours during Experi-

ment 1 for two types of conveyors. The graph shows that the conventional conveyor 

(green line) requires slightly more energy, with an average value of 3.81 kW. This is 

due to the larger amount of material on the conveyor belt. The pipe conveyor, on the 

other hand, shows slightly lower figures, with an average value of 3.68 kW. 
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Fig. 4. Energy consumption for Experiment 1 

3.2. EXPERIMENT 2 

The graph (Fig. 5) shows the results from Experiment 2, where, as in the case of the 

graph, the amount of material on the conveyor belt was measured over a 5-hour simula-

tion period. Both the green and red curves appear to be fairly stable, without excessive 

jumps or drops, indicating the relative stability of both the conveyor and the process of 

feeding material onto the conveyor belt. The average value for the conventional con-

veyor is higher (5461.47 kg) than for the pipe conveyor (4716.47 kg) with the same 

conveyor filling factor. This is clearly visible in the graph, where the distance between 

the curves remains almost the same throughout the entire time. 

 

Fig. 5. Amount of material on the belt for Experiment 2 

The graph (Fig. 6) shows the energy consumption dynamics of two types of conveyors 

during Experiment 2. Based on the previous graph, the energy consumption graph also 
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indicates the stability of the system, where the conventional conveyor demon-

strates a higher level of energy consumption (average value of 5.02 kW), while the pipe 

conveyor consumes less electricity (average value of 4.72 kW). This difference is due to 

the larger amount of material on the conveyor belt in the case of the conventional con-

veyor and the similarity of the input data for both conveyors. 

 

Fig. 6. Energy consumption for Experiment 2 

3.3. EXPERIMENT 3 

The graph (Fig. 7) shows the results of Experiment 3, which analysed the amount of 

material on the conveyor belt over 5 hours of simulation time. The green and red 

curves remain flat and do not show significant fluctuations throughout the entire time, 

which indicates the stability of the process. The green line (conventional conveyor) 

runs higher and its average value is 3003.35 kg. The red line (pipe conveyor) is locat-

ed lower and its average value is 2591.69 kg. 

 

Fig. 7. Amount of material on the belt for Experiment 3 
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Fig. 8. Energy consumption for Experiment 3 

The values for the conventional conveyor (green line) and pipe conveyor (red line) are 

very close to each other. The average value for the conventional conveyor is 5.24 kW, and 

for the pipe conveyor – 5.18 kW. Comparing all previous experimental results, in Exper-

iment 3, the two curves are very close to each other, indicating very similar energy 

consumption for the conventional conveyor and pipe conveyor. 

3.4. EXPERIMENT 4 

The results of analysing the amount of material on the conveyor belt over 5 hours for 

Experiment 4 are shown in the graph (Fig. 9). As in previous experiments, the stability 

of the system is evident, which is due to the adjustment of deviations when pouring 

material. This deviation can reach a maximum of -25%, which prevents the system 

from experiencing significant fluctuations. 

 

Fig. 9. Amount of material on the belt for Experiment 4 
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For a conventional conveyor, the average amount of material on the conveyor belt is 

5457.95 kg, while for a pipe conveyor this value is lower and amounts to 4709.04 kg. 

The fourth experiment confirms the trend of the previous experiments. 

The results of the energy consumption analysis for two types of conveyors over 5 hours 

for Experiment 4 are shown in the graph (Fig. 10). The conventional conveyor, repre-

sented by the green line, has an average energy consumption of 6.45 kW, while the red 

line, representing the pipe conveyor, has a value of 6.21 kW. 

 

Fig. 10. Energy consumption for Experiment 4 

The difference between the energy consumption of the two systems in the graph 

appears more significant than in Experiment 3. 

Table 2. Material outputs during simulation [kg] 

Material outputs during simulation [kg] – simulation results 

Time [h] 1:00:00 2:00:00 3:00:00 4:00:00 5:00:00 

EXP 1 
CC 340 195.34 683 804.30 1 026 910.63 1 370 724.53 1 713 942.31 

PC 294 122.33 591 011.27 887 720.74 1 184 008.01 1 480 882.47 

EXP 2 
CC 619 781.30 1 243 833.19 1 867 400.44 2 492 450.76 3 117 953.32 

PC 534 767.88 1 074 565.94 1 614 037.71 2 152 741.84 2 692 513.59 

EXP 3 
CC 340 009.91 683 625.99 1 027 334.17 1 371 281.20 1 714 647.42 

PC 293 968.61 590 050.06 886 844.58 1 182 928.05 1 479 594.20 

EXP 4 
CC 618 201.74 1 242 709.15 1 868 019.99 2 492 456.56 3 115 966.51 

PC 534 009.24 1 072 569.95 1 610 812.68 2 149 960.26 2 688 468.94 

Table 2 contains the results of simulations based on the Material outputs indicator 

for four experiments. The table shows how much material passed through the system 

in a given period of time. The column headings with numbers indicate the simulation 
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time. The CC mark is used for a conventional conveyor, and the PC mark is used to 

denote a pipe conveyor. 

It is clear that the amount of material transported varies depending on the input da-

ta in the experiments. 

 

Fig. 11. Material outputs at the moment of the 1:00:00 [kg] 

The bar chart (Fig. 11) shows Material outputs at the moment of 1:00:00 for four 

experiments and two types of conveyors. The conventional conveyor is marked in 

yellow, and the pipe conveyor is marked in blue. The graph shows that the conveyor 

filling factor has the greatest impact on material outputs, with its values increasing 

from 0.44 in Experiment 1 to 0.8 in Experiment 2, and the same pattern is repeated in 

Experiments 3 and 4. Experiments with a higher filling factor show significantly high-

er volumes of transported material. It is also worth noting that the conventional con-

veyor shows better results than the pipe conveyor in all experiments. This indicates 

that the filling factor plays an important role in studying system performance. 

Table 3 shows the results of energy consumption simulations for four experiments. 

Each experiment compares a conventional conveyor (CC) and a pipe conveyor (PC), 

with data provided for each hour of operation, from the first to the fifth. 

The graph (Fig. 12) shows the results of energy consumption at 1:00:00 for four 

experiments. This image shows that in experiments 2 and 4, energy consumption units 

are higher than in experiments 1 and 3. It is also worth noting that in all experiments, 

the energy consumption of the conventional conveyor is higher than that of the pipe 

conveyor, as in the previous graph. This is due to the larger amount of material on the 

conveyor belt, which increases the number of normal forces, thereby increasing ener-

gy consumption. 



B. BOBINICS et al. 236 

Table 3. Energy consumption at the moment of the following time [kW] 

Energy consumption at the moment of the following time [kW] 

– simulation results 

Time [h] 1:00:00 2:00:00 3:00:00 4:00:00 5:00:00 

EXP 1 
CC 3.80 3.82 3.81 3.80 3.84 

PC 3.69 3.68 3.66 3.68 3.69 

EXP 2 
CC 5.05 5.01 5.04 5.02 5.07 

PC 4.73 4.71 4.68 4.72 4.73 

EXP 3 
CC 5.22 5.27 5.25 5.23 5.26 

PC 5.18 5.19 5.15 5.20 5.19 

EXP 4 
CC 6.46 6.45 6.41 6.48 6.46 

PC 6.17 6.21 6.21 6.20 6.20 

 

Fig. 12. Energy consumption at the moment of the 1:00:00 [kW] 

Figure 13 shows a comparison of the average energy consumption values for two 

types of conveyors during four experiments. This graph is quite similar to the previous 

one, indicating the stability of this system, in which there are no significant jumps or 

deviations. As can be seen, the trend of the previous graph continues, with the conven-

tional conveyor having higher energy consumption than the conventional one. 

Figure 14 shows a comparison of energy consumption at the same hourly through-

put for a conventional conveyor and a pipe conveyor. The yellow bar corresponds to 

a conventional conveyor (CC) with an energy consumption of 3.59 kW, while the blue 

bar (PC) corresponds to a pipe conveyor with an energy consumption of 3.66 kW. The 

difference between the systems is insignificant due to the high similarity of the input 

data, but it can still be stated that the pipe conveyor has slightly higher energy con-

sumption under the same throughput conditions. This is due to greater forces in the 
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structure’s resistance due to the larger number of idlers and the bending of the con-

veyor belt into a tubular shape. 

 

Fig. 13. Average energy consumption during simulation [kW] 

 

Fig. 14. Comparison of energy consumption at the same hourly throughput capacity 

5. CONCLUSION 

During the study, the operation of a conventional and pipe conveyor was simulated in 

order to compare the productivity and energy consumption of these conveyors. 
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The model is designed in such a way that it allows changing the input parameters 

of the system. 

All four experiments indicate that a conventional conveyor transports more materi-

al than a pipe conveyor with the same conveyor belt width. This also increases elec-

tricity consumption (because more material is on the conveyor belt). 

As for the pipe conveyor, its efficiency is lower compared to the conventional 

conveyor. It can also be said that with the same amount of material transported, the 

conventional conveyor has slightly lower electricity consumption than the pipe con-

veyor. 

All experimental results show the stability of the system, which is due to the rela-

tive stability of material filling on the conveyor belt. 

The conveyor filling factor significantly affects the experimental results. The high-

er the factor, the more material is transported by the conveyor. 
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