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Abstract. In the distribution of ore or coal materials in the metal processing in-
dustry, there is a target mass of tons/hour in its distribution using a conveyor.
However, the mass cannot be predicted based on time because the conveyor op-
erates at a constant speed. This results in the desired mass not being achieved
within a specific time. To overcome this, this study created a conveyor speed
control system using the Arduino Mega 2560 as a microcontroller that receives
input from the load cell, encoder, and F-to-V converter. Conveyor speed control
is carried out using the BTS 7960 motor driver, the PWM value of which is
con- trolled based on reading the material mass value from the load cell. Based
on testing, the study's results showed that for every 100 grams added, there was
an additional 0.52 seconds to complete one conveyor movement cycle. As for
the conveyor motor speed, there was a decrease of 20 rpm for every 100 grams
added. Conversely, the conveyor speed is directly proportional to the loading
time in one cycle. So, based on these data, a mass of 1 kg/5.5 seconds was
obtained according to the desired settings.

Keywords: Motor Conveyor's Speed, Speed Control, Mass Material, Load
Cell, Control System

1 Introduction

Without interruptions, belt conveyors become a standard of continuous transporta-
tion that can deliver all materials. [1]. Due to their excellent performance, belt
convey- ors are crucial in continuously transporting large and small amounts of
material [2].

In coal mining, the belt conveyor is an important component that must be trans-
formed. In production, the volume of material transported by belt conveyor must be
measured while maintaining safety and energy savings. By adapting the flow of coal
being transported at that time, the operating speed of the belt conveyor can be
adjusted [3][4][5][6][7] stated that in the acceleration and deceleration operations
carried out tem- porarily on the conveyor belt, there are risks such as slipping belts,
material spilled or falling from the belt, disconnection of the belt at the connection
point to the motor

experiencing over-heating conditions and causing the motor to be in regenerative
operation.

According to [8], the regulation of conveyor belt speed is contingent upon determin-
ing the rate at which material is loaded onto the belt. The loading rate is determined
by comparing the actual belt speed and material flow with the nominal belt speed and
nominal conveying capacity. Moreover, modulating the drive frequency can regulate
the conveyor drive and belt speed.
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Research by [9] aims to analyze the DC motor speed control system used in cement
industry rotary kilns. Using DC Variable Speed Drive, it is known that a set point
value needs to be given in the form of direct rotation of the kiln. The set point value in
this study depends on the amount of feed given.

Using the hybrid fuzzy logic-PID method, [10] researched conveyor speed control
with changing loading. The error value read by the sensor becomes a parameter that
determines the Ki and Kd values in PID and the Kp value in fuzzy logic. It was found
that when a comparison was made between the PID method alone and the hybrid
method, the PID method did quickly reach the setting time value, but there was a rea-
sonably high overshoot. This is inversely proportional to the hybrid method, which,
although slower in reaching the setting time value, experiences low overshoot.

The dual speed regulation for motors was implemented by [11] on a conveyor sorter
machine. Induction motor regulation uses a 1 HP Variable Frequency Drive (VFD).
Photoelectric and inductive proximity are used as inputs, which PLC controls. The re-
sults showed that the VFD can regulate double speed, namely 241.5 RPM and 395.5
RPM.

According to research by [12], DC motor speed regulation is applied to screen print-
ing machines. The control method used is the PWM control method generated by the
NES555 IC, which utilizes changes in the resistance value of the potentiometer, which
varies as a duty cycle control.

[13] conducted research using a real-time load detection method for conveyor belts
based on computer vision. A conveyor belt system equipped with a camera and a laser
generator was implemented as a test tool in this research project. Two methods for in-
telligent speed regulation of the conveyor belt were proposed, applied, and compared
as a basis for this regulation. These methods were developed from two perspectives,
offering a comprehensive approach to analyzing conveyor belt loads. Method 1 is
based on area proportion, whereas Method 2 is based on laser-based computer vision
technology. Laboratory experiments demonstrate that both methods effectively detect
the load on the conveyor belt. Method 2 is more economical and practical in
comparison to Method 1, which provides a theoretical basis for energy-saving control
and intelligent conveyor development.

Based on [2], it is concluded that material should be transported at a lower speed than
the nominal speed of the conveyor belt when the total material on the conveyor belt is
less. It was also found that improper and frequent changes in speed can cause severe
damage to the elements on the belt conveyor if limits are not set on the use of the belt
conveyor.

In the metal processing industry, the location of this research observation, belt con-
veyors play an essential role in steam power plants that use coal as fuel. In the process
of distributing coal from the coal silo, the coal that falls into the coal feeder is not
con- stant due to various factors; for example, the coal that is distributed is not in a
dry condition, so instead of falling into the coal feeder, the coal sticks to the conveyor
belt. This is undoubtedly a problem, considering that the steam-electric power plant
boiler has a coal mass target that must be achieved within a specific time. So, in this
research, a system that can control the speed of the conveyor belt is proposed and
implemented. In this proposed system, the speed of the conveyor belt adjusts the mass
of coal passing on the conveyor. The conveyor belt will move at a higher speed when
the mass of material on the belt is less and vice versa. If the mass of material is
heavier, the conveyor belt speed will move slower.
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2 Method

Observation in this research was carried out on a coal conveyor at PT Indonesia
Tsingshan Stainless Steel (PT.ITSS) in Bahodopi District, Morowali Regency, and re-
search on prototypes was carried out at the Electrical Engineering and Installation
Study Program of Metal Industry Polytechnic of Morowali. This research begins with
observation and then continues with a literature study. The following research stage is
the design of both hardware and software. After completing the design stage, testing,
cali- bration, and testing of the system that has been designed and built, whether it is
as expected.

Fig. 1. Research Observation Location, Coal Conveyor PT Indonesia Tsingshan Stainless Steel
(PT.ITSS)

In this study, the object of research is the conveyor section that distributes coal from
the coal silo to the coal feeder. As previously explained, that is because the steam-
electric power plant has a coal mass target that must be achieved within a certain
period of time. If the coal mass target is not achieved at the specified time, the
conveyor will continue to operate until the desired coal mass target is achieved. This,
of course, results in inefficient use of electrical power.

Fig. 2. Object of Research
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In addition to designing a motor speed regulation, a prototype conveyor was also
designed in this research. A conveyor with a length of 150cm and a width of 20cm is
made. The motor used to drive this conveyor is a DC motor. In this prototype
conveyor, the motor speed regulation will be applied to match what is expected;
namely, the speed of the conveyor belt drive motor adjusts the mass of coal passing
on the conveyor. The conveyor belt will move at a higher speed when the mass of
material on the belt is less and vice versa; if the mass is more, the conveyor belt speed
will move slower.

Canmvan

Fig. 3. Block diagram of the designed system

In the figure above, the breakdown of the designed system is shown as a diagram.
This research uses a controller in the form of an Arduino Mega microcontroller. In the
motor speed reader system, an encoder will read the motor rotation speed and convert
it from frequency to voltage using the F to V module before being processed by the
controller. In the load sensor system, the load cell will measure the mass of the coal
material and convert it using the HX-711 Module Converter before sending it to the
controller module. The motor driver will receive commands from the speed sensor
and load sensor readings, which will adjust the motor rotation speed according to the
mass on the conveyor. Load and motor speed information will be displayed on an
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LCD (Lig- uid Crystal Display) located on the control panel. The measurement
method used is to vary the mass of the load every 100 grams (in- crease or decrease),
then observe the change in speed at each change. Ideally, the change in speed is linear
to the change in mass.

3 Result and Discussion
3.1  Prototype Result

The results of the research design are realized in the form of a prototype conveyor that
moves using a DC 24V motor. The appearance of the conveyor system that has been
built can be seen in the picture below.

Fig. 4. Realization of prototype conveyor

The results of the realization of the motor speed regulator circuit consisting of Ar-
duino Mega 2560, Op Amp, and F to V circuit, HX-711 Module Converter and also
BTS 7960 motor driver can be seen in the following image
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Fig. 5. Motor Speed Regulation Circuit

System testing is carried out to determine whether the system is running properly. The
test is carried out by providing different mass variations on the conveyor belt. The
mass of the material is increased in various amounts. Then, for each mass variation
test, the time for the material to pass in one cycle is calculated using a stopwatch.

3.2  Data Result

Based on the tests carried out in 1 conveyor cycle with the addition or reduction of
mass, the data obtained is presented in the form of a graph as follows.

Time and Mass Comparison
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Fig. 6. Comparison Chart of Time and Material Mass

Based on the test results presented in the form of a graph, it can be seen the difference
in the time required for a material to arrive with different masses. As for every 100gr
increase in load, the time needed for one cycle increases by about 0.52 seconds. For
an increase in motor speed, the motor speed is directly proportional to the load time in
one cycle. So, based on the data, we get a mass of 1Kg/5.5 seconds. The minimum
mass that can be placed on the conveyor belt is 500 gr because the load cell used is
only able to detect loads of 500gr or more. Similarly, with the maximum limit of the
mass of material that can be placed on the conveyor, the maximum mass that can be
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increased is only 1400gr because, with a lower PWM value, the motor cannot rotate
the conveyor with a larger mass. The slightly different speed increase values can be
caused by slips in the conveyor belt or load readings by load cell, which sometimes
experience errors.

Motor Speed and Material Mass
Comparison Chart
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Fig. 7. Comparison Chart of Motor Speed and Material Mass

Based on the graph of the test data, it can be observed that the mass of the material is
directly proportional to the time it takes for the material to travel in one cycle. Based
on the test, the results show that for every additional mass of 100 grams, there is an
additional time of 0.52 seconds to complete one cycle of the conveyor movement. As
for the speed of the conveyor motor, there is a decrease of 20 rpm for every additional
mass of 100 grams. Conversely, the conveyor speed is directly proportional to the
load- ing time in one cycle. So, based on these data, a mass of 1 kg/5.5 seconds is
obtained according to the desired settings.

4 Conclusion

Based on the test, the results showed that for every additional mass of 100 grams,
there was an additional time of 0.52 seconds to complete one cycle of the conveyor
movement. As for the speed of the conveyor motor, there is a decrease of 20 rpm for
every additional mass of 100 grams. In contrast, the conveyor speed is directly
proportional to the load time in one cycle. So, based on these data, a mass of 1 kg/5.5
seconds was obtained according to the desired settings.

This research can be developed for future work using a conveyor with larger dimen-
sions and mass measurement sensors with industrial standards. In addition, the devel-
opment of motor speed regulation circuits needs to be further studied before being ap-
plied to induction AC motors used in the industry.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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