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MNpBa MefyHapozHa koHdepeHumja ETVIMA
First International Conference ETIMA

PREFACE

The Faculty of Electrical Engineering at University Goce Delcev (UGD), has organized the
International Conference Electrical Engineering, Informatics, Machinery and Automation -
Technical Sciences applied in Economy, Education and Industry-ETIMA.

ETIMA has a goal to gather the scientists, professors, experts and professionals from the field of
technical sciences in one place as a forum for exchange of ideas, to strengthen the multidisciplinary
research and cooperation and to promote the achievements of technology and its impact on every aspect
of living. We hope that this conference will continue to be a venue for presenting the latest research
results and developments on the field of technology.

Conference ETIMA was held as online conference where contributed more than sixty colleagues, from
six different countries with forty papers.

We would like to express our gratitude to all the colleagues, who contributed to the success of
ETIMA’21 by presenting the results of their current research activities and by launching the new ideas
through many fruitful discussions.

We invite you and your colleagues also to attend ETIMA Conference in the future. One should believe
that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge
and useful information in direct contact, as well as to enjoy the social events together.

The Organizing Committee of the Conference
IIPE/ITOBOP

Merynapoanata konpeperuuja Enexmpomexnuxa, Texnonozuja, Hngpopmamuxa, Mawuncmeo u
Aemomamuxa-mexHuuKu HAyKu 60 ciyxycoa na ekonomuja, oopazoseanue u unoycmpuja-ETHMA e
opraHu3MpaHa oJi cTpaHa Ha ENeKTpOoTeXHUUKHUOT paKkynTeT npu YHuBep3uteToT [ome Jemues.
ETUMA wuma 3a men ma ru cobepe Ha €IHO MECTO HAYYHHUIUTE, Mpodecopute, eKCHEepTUTE H
npodeCHOHAIIINTE O] MTOJIETO Ha TEXHUYKUTE HAYKH U Ja IIpeJicTaByBa (OopyM 3a pa3MeHa Ha UJCH, a
IO 3ajKaHyBa MyJITHIUCIUIUTHHAPHOTO HCTPAXKYBamkhe U cOpadOTKa U J1a TH POMOBHPA TEXHOJIOIIKUTE
JNOCTUTHYBamba M HUBHOTO BJIMjaHHE BpP3 CEKOj aclekT of kuBeewmeTo. Ce HazeBaMe JeKa OBaa
KoH(epeHIIMja ke TPOJOJDKU Ja OMJe HACTaH Ha KOj Ke Ce Mpe3cHTHpaaT HajHOBUTE PE3YJITaTH O]
UCTpaXyBamaTa U pa3BojoT Ha IIOJIETO HAa TEXHOJIOTHjaTa.

Kondepennujata ETUMA ce onpika online u Ha Hea Jjajioa CBOj JOIMPHUHOC MOBEKE OJ1 IIEECET aBTOPH
O]l IIECT PA3IIMYHK 3eMjU CO YETUPHECET TPYIA.

Cakame 512 ja nckakeMe Hamiata OJaroJapHOCT O CHUTE KOJIETM KOHM JOIpHHEcOoa 3a YCIEXOT Ha
ETHMA’21 co npe3eHTHpame Ha pe3yaTaTH O] HUBHUTE TEKOBHU HCTPaXKyBama U CO JAHCHPAme Ha
HOBH HJIEU NPEKY MHOTY IJIOJHHU TUCKYCHH.

Be nokanyBame Bue u Bammte xonern na 3emere ydectBo Ha ETVIMA u Bo mnanna. BepyBame nmexa
CIEIHHOT MaT K& UMaMe MOXHOCT Ja C€ CpeTHeMe, Ja pa3MEHUME HUJEH, 3HACHE U KOPHUCHU

I/IH(l)OpMaIH/II/I BO IUPEKTCH KOHTAKT, HO UCTO TaKa Ja Y)KMBaM€ 3a€IHO U BO APYIITBCHUTC HACTaHU.

Opeanuzayuonen 0060p Ha KoOHepeHyujama
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Abstract

In this paper, we present a concept of an 10T system that monitors the DC motor at the EKG-15 excavator. The
proposed system is designed for the coal mine "Rudnik uglja Pljevlja", which uses this type of excavator for
surface mining. Due to the type of excavation and the work procedures of the excavator, it often happens that the
DC motors that drive the bucket of the excavator are in the so-called short circuit. During that time, a large
current flow through the motor, which is electronically limited to a value of 2kA. However, there is no limitation
in the time domain, which means that this current can flow for an unlimited time. If the operator keeps the
excavator control lever in the active position for too long, during a short circuit, the DC motor will burn out. In
that case, large repair costs are generated, and the excavator is out of order for a long time. Therefore, there is
a need to alarm the operator that the motor is short-circuited, as well as to keep records of such events, to
determine the causes of motor burnout and liability. The proposed system is based on a microprocessor hardware
platform for short-circuit detection of DC motor and perform the mentioned functions. Experimental and
implementation results showed that this 10T platform provides the collection of data that can be useful in the
process of analyzing the operation and predictive maintenance of the excavator.

Keywords
DC motor, Excavator, loT.

Introduction

Working on the surface mine of a coal mine is a challenging job, both for the people and the
machines. In the winter, the temperature drops far below 0°C, while in the summer, tropical
heat is a common case. There is no shelter from the cold or heat on the surface mine, so the
workers are exposed to the extreme ambient conditions. It is similar to the machines that these
workers use or operate. Therefore, predictive maintenance becomes a very important task, to
cut maintenance costs of an ordinary industrial plant [1] — [4]. A proactive approach can save
a lot of effort, especially by avoiding unnecessary delays in the production and use of human
resources. However, such prediction is not an easy task and is possible only by continuous
observation of the machine’s parameters. We are dealing with this very important and
challenging topic within the framework of the international project Faster [5]. The focus of this
project is predictive maintenance of the rotating machines. Working on this topic in the coal
mine "Rudnik uglja Pljevlja" (RUP) [6] we found some more important and challenging aspects
to be considered about maintenance of machines. For this purpose, a modification and
adjustment of the device that was already developed within the Faster project were performed.

One of the key machines for working on the surface mine of coal mines is a suitable excavator.
The EKG-15 excavator is used for this purpose in the “Rudnik uglja Pljevlja” (Fig. 1). It is a
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machine in which the loading bucket is controlled by a high-power DC motor. In normal
operation, these motors are designed to provide a long excavator life. However, when the
loading bucket gets stuck due to the extremely hard terrain, the motor can be overloaded.
Namely, if the operator does not release the lever that controls the movement of the loading
bucket, the motor still tries to move the bucket. In these moments, a so-called short circuit
occurs, when a high amount of current passes through the motor. If the operator does not react
quickly and releases the lever, the short-circuit current threatens to damage the motor. If this
happens, the motor will be out of use, and so will the excavator. Repair of these motors is very
expensive and cannot be performed in a very short time. It is clear what this means for the
surface mining process in the mine.

For these reasons, there is a need to solve the problem of short circuit current flow through the
motors. In the case of excavators located in the company "Rudnik uglja Pljevlja”, the
manufacturer limited the short-circuit current to an amount of 2kA, as prevention. This means
that the current flowing through the motor windings will not exceed this value. However, there
IS no protection provided concerning the duration of the short-circuit condition. In other words,
a current of 2kA will flow through the motor windings as long as the operator activates the
bucket control lever. If the operator keeps the motor active for a long time, the conductor will
heat up and the motor will burn out.

Less experienced operators can unintentionally cause a condition that leads to a short-circuit
current on the motors and often do not recognize in time that such a situation has occurred.
This inevitably leads to motor burnout. However, since there is no protection, nor control, or
records of the excavator's working mode, the operator can also intentionally cause a short-
circuit current and consequently the motor to burn out for some of its reasons.

Therefore, there was a need to find a solution that would prevent the occurrence of a short-
circuit current or at least reduce its probability. When designing a system that would lead to
solving this problem, the requirement was that the original operation mode of the excavator is
not affected in any way, nor that its control electronics are changed. In other words, a clear
warning to the operator should be activated when a short-circuit current occurs. Also, it is
necessary to record and store for later processing information related to the occurrence of the
short-circuit current. Based on this information, the behavior of the operator can be determined,
and errors can be pointed out to him if they are found. This provides prevention and extends
motor life. In addition, this information can be used to analyze the cause of motor burnout,
when it occurs.

Since the funds for the design of a prototype device that would perform described function
were not planned in the company's budget, the device had to be inexpensive. Therefore, we
decided to base this 10T system on the widely known Arduino open hardware platform [7], [8].
For authorities to have an immediate overview of the situation regarding the short-circuit
current of the excavator motors, the data collected by the Arduino platform is immediately sent
to the cloud platform. We used the open LiveGate platform for this purpose [9].
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Fig. 1 Excavator EKG-15
Source: https://uralmash-kartex.ru/en/electric-rope-shovels#&gid=1&pid=1

The paper is organized as follows. In Section 1, we analyze the control of the excavator’s DC
motors and discuss possible techniques for short-circuit detection. Section 2 describes the
proposed architecture of the system for detection and indication of the short-circuit current.
Preliminary results of the system testing through laboratory simulations are presented in
Section 3. Finally, in the conclusion, we summarize important aspects of this paper.

1. Analysis of the short-circuit detection of DC motor

To monitor the motor load in the excavator, the manufacturer implemented the system that
allows the operator to have information about the current flowing through the DC motor
windings. Namely, in the circuit of each of the two DC motors, there is one resistor, the so-
called shunt. A voltage of 75mV is generated on this resistor during a short circuit current of
2KA. The voltage from the shunt is brought to an analog voltmeter with a symmetrical scale
since the motor can move in both directions, so the current can also flow in both directions.
One such voltmeter is in the machine part and another in the operator cabin of the excavator.
Of course, the scale is calibrated in (kilo)amperes since the strength of the current flowing
through the motor is important. This means that the operator, in addition to the mine surface
where he works, should also continuously observe an analog instrument. This is inconvenient
both from the point of safety or from the point of work efficiency. Therefore, it would be
convenient for the operator to be somehow warned when the motor overloads.

The electronics that manage and control the excavator is a closed system that we did not have
insight into. Therefore, the modification on the control electronics itself, to protect against
overload, i.e., to prevent long-term short-circuit current, was not possible. Also, the
maintenance engineers in RUP requested that the manufacturer’s electronics of the excavator
should not be modified or influenced in any way. Therefore, the only way to prevent frequent
motor overload, and thus its burnout, was to warn the operator clearly and reliably that an
undesirable situation had occurred, and that motor activity should be stopped.

The motor short-circuits current detection system, which is the subject of this paper, aims to
continuously monitor the voltage from the shunt located in the motor circuit. As long as the
current flowing through the motor does not exceed the critical value, i.e., the voltage on the
shunt does not exceed the predefined value, the system does not take any action. When the
voltage on the shunt above the critical value is detected (in the current version of the prototype
it is set to 65mV), the timer that measures the duration of the excessive current is started. There
is some time during which it is considered that the current flow of about 2kA is not dangerous
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for motor failure (in the current version of the prototype it is set to 3 seconds). If this time
elapses, actions are taken to warn the operator and to store information about critical event.

2. Architecture of the proposed 10T system

After consulting with the engineers in charge of machine maintenance in RUP, we decided that
the system for short-circuit detection of DC motor at EKG-15 excavator has a principal scheme
shown in Fig. 2. Instead of messing up with the control electronics of the excavator, the warning
signal to the operators will be generated by a strong siren (alarm). It will serve not only as a
warning but also as an incentive for the operator to stop the overcurrent motor mode. The sound
intensity and frequency have been chosen to be an inconvenience to the operator when exposed
even for a short time. Since this siren is supplied with electricity taken from the power supply
unit of the excavator, its activation is performed utilizing a common relay.

Proposed loT device

PmodSD >

O

galvanic
Motor 1 isolation

=

galvanic GSM/GPRS

Motor 2 isolation £ioud

Fig. 2 Block diagram of the proposed solution
2.1 Short-circuit detection of excavator’s DC motor

Monitoring the voltage on the shunt in the motor circuit is the most critical part of the designed
system. Since we have taken the Arduino microcontroller platform as the basis of the system,
voltage monitoring is performed using a built-in A/D converter. Inside each excavator, it is
necessary to monitor two DC motors, so an Arduino with at least two A/D converters is needed,
to complete the job for the entire excavator with one microcontroller platform.

The voltage on the shunt to be monitored changes polarity during motor operation. When the
motor rotates in one direction the voltage has one polarity, and when the motor rotates in the
other direction the voltage has the opposite polarity. This is a challenge for the acquisition
process because the microcontroller is powered by DC voltage, as well as its A/D converter,
Therefore, it is not possible to measure the voltage that is "negative” from the point of the
microcontroller. On the other hand, it is mandatorily required for the implementation of the
shunt voltage monitoring system to be galvanically isolated from the monitored circuit. This
means that it is not possible to directly apply voltage from the shunt to the input of the A/D
converter of the microcontroller.

We solved the problem with galvanic isolation by using a TLP7920 optically isolation amplifier
from Toshiba Corporation [10]. Voltage from the shunt is applied to the input of TLP7920. A
voltage proportional to the input voltage is generated at the output, but galvanically isolated.
This output voltage can also be negative from the point of the microcontroller, and its range is
quite small. We have experimentally determined that in the case of the maximum voltage on
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the shunt (= 75mV), i.e., voltage at the input of the TLP7920 circuit, a voltage of about +
570mV is obtained at its output. This means that output voltage must be translated into a range
that will have a single polarity from the point of the microcontroller. It should also be amplified
to utilize the entire input range of the A/D converter and thus get a more accurate reading. We
performed the translation and the amplification using appropriate operational amplifiers, which
is beyond the scope of this paper. Finally, the inputs of the A/D converter receive a voltage in
the range of 0.13V to 2.98V when the shunt voltage changes in the range from -80mV to +
80mV. Since the range of acceptable input signal on the A/D converter is from 0V to 3.3V, we
considered this design to be appropriate.

2.2 Communication between microcontroller platform and the cloud

As mentioned earlier, at the moment of detecting a critical short-circuit current, in addition to
the audible alarm, the system must save information about the event. This information is of
multiple importance. On the one hand, maintenance engineers need to have continuous insight
into potentially critical situations related to excavator motors, to take preventive actions for
better maintenance. This means that it would be convenient to transmit information about the
detected event immediately after the event occurred. The simplest way to perform this action
is to use a GPRS connection. Namely, the RUP coil mine is covered by the signal of the mobile
telephony operator. Therefore, in regular conditions, it is possible to transmit information about
the critical event via GPRS. Within our system, a GSM/GPRS module based on the SIM808
chip was used (Fig. 3).

Fig. 3 GSM/GPRS module SIM808

The information transmitted via the GPRS module must be stored somewhere and made easily
visible and noticeable for those people who should observe the events on the excavator system.
Since it has become common to use cloud services for such purposes, we opted for one such
service, called LiveGate [9]. It is a free service developed at the Faculty of Electrical
Engineering, University of Montenegro. In addition to providing data storage, this service
offers visualization of the stored data.

2.3 Data storage at the platform itself

Although the GPRS connection is quite reliable in the case of good coverage of the mobile
operator's signal, it can still fail when trying to transfer data to the cloud. Failure may occur
either due to the current unavailability of the mobile operator's signal due to an interruption in
its operation, or some other error in the process of establishing or maintaining a GPRS
connection. In any case, the data transfer failure may occur when there is an urgent need for
the data transfer. If the system relies solely on data transmitted by a GPRS connection, some
important data may not be available for later processing. For this reason, we decided that the
data of the motor overload are, in addition to the cloud, also stored on the SD memory card,
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which is an integral part of the device installed in the excavator. For this purpose, we used a
PmodSD adapter from Digilent (Fig. 4).

Fig. 4 Digilent PmodSD module
Source: https://store.digilentinc.com/pmod-sd-full-sized-sd-card-slot/

2.3 Real-time clock

When sending data to the cloud via a GPRS connection, the cloud platform keeps track of the
time at which the data arrived. This means that the device does not have to take care of the
exact time and transmits the timestamp to the cloud platform. However, when it comes to
writing data to the SD memory card, things are different. Namely, the information that there
was a motor overload does not mean much if it is not known when that overload occurred. Only
based on information on the time in which the overload occurred, conclusions can be drawn
about the behavior of individual operators or the mode of operation of the excavator in certain
parts of the coal mine. Therefore, this means that the designed system must take care of the
exact time. The easiest way to deal with the exact time is to use the Real-Time Clock (RTC)
circuit. We used the DS3231 chip in our design (Fig. 5).

Fig. 5 RTC module DS3231

When a motor overload occurs, the RTC is read, and a file named by the date read from the
RTC is created (if it does not already exist). In this way, it is easier to reach the necessary
information when it is needed. The duration of the motor overload and the time in which the
overload occurred are recorded inside the file. Of course, regardless of the writing to the SD
card, the duration of the motor overload is also sent to the cloud.

3. Simulation results

After careful consideration of all aspects of the proposed DC motor short-circuit current
detection system, the prototype shown in Fig. 6 was developed. As can be seen from the figure,
the current version of the prototype, in addition to the previously mentioned components, also
has an LCD. In the development phase, we use this display to show important information
about the current operation of the system and thus facilitate the design and development of the
system itself. In the final version, this LCD is not required, because the device is mounted in
the drive part of the excavator, where the operator does not have access while working with
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the excavator. Therefore, it is not necessary to show any information on the display, especially
since important information is sent to the cloud and saved to the SD memory card.

Before the installation and commissioning of the proposed system on the excavator itself, we
performed extensive testing of the device in laboratory conditions. Instead of voltage from the
shunt in the DC motor circuit, we applied voltages from galvanically isolated power sources
with the voltage regulation to the system inputs. By applying various voltages, we also
simulated the events of the short-circuit current, i.e., the corresponding shunt voltage. At that
moment, as previously explained, the system saves data to the memory card and sent it to the
LiveGate cloud service. Figure 7 depicts diagrams that visualize part of the data received from
the designed system.

The diagrams labeled as “duration of overload” show the lengths of the detected overloads
expressed in seconds, for each motor individually. These are data that are important for persons
who perform the analysis and determine the behavior of the operator regarding the motor
overload.

L

|<- @sM/GPRs
a 'odule

Fig. 6 Prototype of an excavator’s DC motor short-circuit detection system

However, in addition to this data, we decided to send two more pieces of information to the
cloud. The first of them is the information that the device has started (diagram labeled as
“Power on”’). Namely, when the microcontroller platform is powered on (or restarted), one data
is sent (an arbitrary number - in our case ‘1°) to the cloud to register that event and append the
time stamp. The information about restarting the device can be significant in many ways. If a
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reboot occurs frequently, this may indicate various problems with the system. In any case, from
the moment the device shuts down until it responds to the cloud again, the system does not
perform its function of detecting the short-circuit current of the motor.

Another additional information that we send to the cloud is the indicator that the device is
active, i.e. that it performs its function. We send this information every hour in the form of the
current time read from the RTC. If it is noticed that the device has not sent this data for more
than an hour, it is necessary to check its functionality.
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Fig. 7 Data visualization within LiveGate cloud service
Conclusions

The paper presents an loT system that was implemented within the FASTER project, to solve
one of the challenges of predictive maintenance in the coal mine "Rudnik uglja Pljevlja". This
system upgraded and improved the closed control system of the considered industrial machine
with the microcontroller-based device described in the paper.

The simulation results show that the developed prototype works following the functional
requirements, and additional adjustments will be performed based on the results in real
operation conditions. Testing of this device on the considered excavator in real operating
conditions is in progress. After that, we will analyse collected data and, if necessary, upgrade
the device. In addition to the functional requirements, the ambient and other conditions in
which the 10T device will work will be considered in the final design phase.

This solution is an example of the wide use of IoT systems in various industrial and home
applications that enable the development of new or improvement of existing devices and
systems. Modifications or upgrades of this device are feasible and simple, both in the existing
application or some similar implementation, which is an added value of this solution. This
confirms that the availability, openness, and interoperability of such systems are the main
advantages that nominate them for the already proven wide application.
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