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ABSTRACT

As technology develops all over the word, it is desired to be more efficient and less costly, and automatic control
systems are demanded accordingly. The most important duties of the elements that constitute the automatic control
system are quality of the established system and being cheap and functional. SCADA and PLC control systems,
which are among the significant control systems, are utilized to implement these conditions placed against the
elements. SCADA and PLC systems are automatic control systems that are very popular today. Both of them are
used in almost every field of industry. This study has been implemented in the Academy automation R&D
laboratory and applications have been developed with PLC and SCADA, which are indispensable for automation
systems. All systems are connected to SCADA using 3 types of PLC, S7-300, S7-1200, S7-1500 and also
MODBUS devices. These four systems transferred to SCADA are monitored on a screen. At the same time, the
feature of being able to intervene in the system in case of malfunction, which is one of the important advantages
of the SCADA system, has also been used.
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Teknoloji gelistikge, diinyanin her yerinde daha verimli ve daha az maliyetli olmasi istenmekte ve buna uygun
otomatik kontrol sistemleri talep edilmektedir. Otomatik kontrol sistemini olusturan unsurlarin en énemli gérevi,
kurulan sistemin Kaliteli, ucuz ve islevsel olmasidir. Onemli kontrol sistemleri arasinda yer alan SCADA ve PLC
kontrol sistemleri, bu isteklere karsi, bu kosullar1 gergeklestirmek ig¢in kullamlmaktadir. SCADA ve PLC
sistemleri, giiniimiizde oldukga popiiler olan otomatik kontrol sistemleridir. Her ikisi de endiistrinin hemen hemen
her alaninda kullanilmaktadir. Bu ¢aliyma Akademi otomasyon Ar-Ge laboratuvarinda gergeklestirilmis ve
otomasyon sistemlerinin vazgegilmezi olan PLC ve SCADA ile uygulamalar gelistirilmistir. Tim sistemler 3 tip
PLC, S7-300, S7-1200, S7-1500 ve ayrica MODBUS cihazlar1 kullanilarak SCADA'ya baglanmis. SCADA'ya
aktarilan bu dort sistem bir ekran {izerinden izlenmistir. Ayn1 zamanda SCADA sisteminin 6nemli avantajlarindan
biri olan, ariza durumunda sisteme miidahale edilebilmesi 6zelligi de kullanilmustir.
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I. INTRODUCTION

Today, it is observed that automation technology is in an excessive development. Manufacturers would
like that the personnel control these systems to be both high-quality, cheap, and fully meet the desired duty [1].
The systems that can control such systems in the most economical, efficient, and effective way are the systems
created by controlling SCADA and PLC [2]. Automation systems have many advantages over relay and
computerized (PC) systems [3]. For these reasons, they are widely used.

Programmable Logic Controllers (PLC) are control and command elements that contain PIC processors
as well as EEPROM programmers and have a significant role in today's technology [4]. The reason why the devices
are called Programmable Logic Controller is that they are designed as an alternative to logic-based relay systems.
One of the important features of PLCs is that the memory functions, such as counter and time elements are ready
designed by the manufacturers. In solving control problems, this feature of PLC is easily utilized with simple
programming [5]. PLC is a device that transmits the information received from elements, such as keys, buttons,
and sensors for the program written by the user into logic values and transmits them to the output section [6].
Programmable Logic Controllers, also known as microprocessors, have started to appear in our history in 1968
[7]. These PLCs have been used in the automobile industry for mass production [8]. PLCs released in the past
tense, differ from PLCs produced today in both terms of size and control of the systems [9]. Today, PLCs can
casily adapt to the desired system [10]. With developing the automation technology, PL.Cs have also been improved
[11].

Supervised Control and Data Acquisition system (SCADA) has started to show itself in the 1960s. In the
past, the SCADA system consisted of elements, such as signal lights, measuring instruments, and tape recorders
[12]. Over time, computers and automation systems improved and the SCADA system did not remain indifferent
to this development [13].

Today, SCADA system is applied in almost every area where automation is used. There are many reasons
for this frequent use. For example, some situations that are dangerous for human life have disappeared in the
networks where SCADA system is used [14]. In addition, it is possible to easily get information about the process
monitored by the SCADA system and to intervene in the system remotely by finding faulty components in case of
malfunction [15].

Since the SCADA system operates according to the user's demands, the system to be controlled is more
reliable, and the number of users is less. One of the advantageous features of this system is the ability to get reports.
The past and present values of the system which are controlled by using the reporting feature can be taken as a
report.

One of the significant features of SCADA is to give an alarm (warning). When the set values change, the
user is informed by the alarm.

Il. APPLICATION MATERIALS

In this study, integration of SCADA with PLC and IOT technology is realized in Automation Academy
R&D laboratory environment. This work is carried out with three different PLCs and Arduino. TIA Portal program
is used for programming PLCs and SCADA application, and Arduino IDE compiler is used for Arduino
programming.

The used PLC types are S7-300, S7-1200 and S7-1500. In the application to be made with the S7-300,
analog transactions are read on the SCADA system. The reading process is performed with the temperature sensor
that is attached to the transmitter connected to the analog module of the PLC. According to the temperature values
set by the user, the output speed of the fan connected to the asynchronous motor changes gradually.

In the application to be made with the S7-1200, the step and servo motors of the spring bending machine
work synchronously with each other. By making the recipe application, the length of the spring to be bent is entered
into the system via the user's SCADA system and step motor and servo motor control are provided.

In the application to be made with the S7-1500, the products passing over the conveyor are read by two
different sensors, and depending on the algorithm on the PLC, the reading values are decided whether the product
is defective or not. Defective products are separated by pushing them over the conveyor with a pneumatic valve.
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In the application to be made with Arduino, the humidity of the greenhouse to which the system is
connected is checked. The values read from the humidity sensor are sent to the SCADA system via serial
communication over the master device. The data from all these PLCs and Arduino are read and displayed on the
computer and the SCADA project is completed with the control application.

I11. DEVELOPED APPLICATIONS
A. Temperature Dependent Speed Control with S7-300 PLC

In the application to be made with the S7-300, analog transactions are read on the SCADA system. The
reading process is performed with the temperature sensor that is attached to the transmitter connected to the analog
module of the PLC. The connection diagram of the system to be made with S7-300 PLC is shown in Figure 1.
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Figure 1. S7-300 PLC and Escon driver connection diagram

As can be seen from the connection diagram in Figure 1, the devices used in speed control application
are shown in Table 1;

Table 1. List of used devices

Device name Number of Device features
PIC 1 $7-300 CPU 313C
Temperature drive 1 PT100

Converter 1 UuT17

Driver 1 Eskon drive
3~Asynchronous motor 1 -
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Figure 2 shows the system set up in a laboratory environment:

Figure 2. S7-300 PLC system connected in a laboratory environment

After the connection is made, the motor can be operated in forward and backward direction by adjusting
the outputs of Q124.0 and Q124.1 with the M0.2 and MO0.3 bits and using TIA Portal software. In order not to
damage the engine in forward and backward direction, its operation is prevented at the same time by electrical
locking method.

Speed control is implemented by creating a ladder diagram. Ladder diagrams of S7-300 PLC system
installed in TIA Portal environment are written using 6 networks.

B. Synchronous Operation of Step and Servo Motors of Spring Bending Machine with S7-1200 PLC

In the application to be made with S7-1200, step and servo motors of the spring bending machine are
synchronized with each other. By making a recipe application, the length of the spring to be bent is entered into
the system via the user's SCADA system, and step motor and servo motor control is provided.

The connection diagram of the system to be made with S7-1200 PLC is shown in Figure 3;
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pr——
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CN1

Figure 3. Connection diagram of S7-1200 PLC and step and servo motor drivers

339



BSEU Fen Bilimleri Dergisi BSEU Journal of Science
8(1), 336-344, 2020 https://doi.org/10.35193/bseufbd.899424

D

BILECIK SEYH EDEBALI
UNIVERSITESI

e-ISSN:2458-7575 (https://dergipark.org.tr/tr/pub/bseufbd)

As can be seen from connection diagram in Figure 3, the devices used in synchronous operation are shown
in Table 2;

Table 2. List of devices which are used

Device name Number of  Device features

PLC 1 $7-1200 CPU 1212C DC/DC/DC
Step motor 1 Leadshine

Step motor driver 1 Leadshine M542

Servo motor 1 Delta, ECMA-C20807GS

Servo motor driver 1 Delta, ASD-B2-0721-B

In the Automation Academy R&D laboratory environment, the shape of the system with a connection
diagram is shown.

Figure 4. S7-1200 PLC connected system

Step and servo motor control function is created and prepared.
The sequence of action for the project is as follows:

1- The program is opened and the PLC device is added.

2- Technology objects are opened and the “add new block™ is clicked. To_Axis_PTO is selected from
the opened motion control tab. Axis adjustment is done for both step motor and servo motor.
Accordingly, Axis 1 (step motor) and Axis2 (servo motor) are created. The creation structure of Axis
1 and Axis 2 axes are the same.

C. Product Control with S7-1500 PLC

In the application to be made with the S7-1500, the products passing over the conveyor are read with two
different sensors. According to the reading values, depending on the algorithm on the PLC, it is decided whether
the product is defective or not. Defective products are separated by pushing them over the conveyor with a
pneumatic valve. Figure 5 shows the system set up in a laboratory environment;
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Figure 5. Siemens Sinamix V20 asynchronous motor drive with S7-1500 PLC connected in laboratory environment

After the connection is made, a Ladder diagram is created using TIA Portal software, and product control
is implemented. Ladder diagrams of S7-1500 PLC system installed in TIA Portal environment are written using 7
networks.

D. Reading Humidity and Temperature Information with Arduino and Sending It to SCADA by
Serial Communication

In the application to be made with Arduino, the temperature and humidity of the greenhouse to which the
system is connected is controlled. The values read from the temperature and humidity sensor are sent to the
SCADA system via serial communication over the master device. Figure 6 shows the connection diagram of the
system to be built with Arduino;

Figure 6. Connection diagram of Arduino and DHT11 temperature and humidity sensor

In the Automation Academy R&D laboratory environment, the shape of the system with a connection
diagram is shown.

Figure 7. Connection of DHT11 humidity and temperature sensor with the connected Arduino

The program is written in Arduino IDE using Modbus Rtu and DHT11 libraries.

341



BSEU Fen Bilimleri Dergisi BSEU Journal of Science
8(1), 336-344, 2020 https://doi.org/10.35193/bseufbd.899424

BILECIK SEYH EDEBALI
UNIVERSITESI

e-ISSN:2458-7575 (https://dergipark.org.tr/tr/pub/bseufbd)

IV. ESTABLISHING SCADA SYSTEM OF DEVELOPED APPLICATIONS

S7-300, S7-1200 and S7-1500 PLC types are made under a single project in TIA Portal software. The
WINCC SCADA project is also added to this project. For adding the WINCC SCADA project, the procedures are
performed as described in chapter 3. The connection of the added SCADA system with PLC types is implemented
using PROFINET. By clicking the Device & Networks tab, the connection scheme of the devices communicating
with each other is seen. The following figure shows the connection of PLC devices (S7-300, S7-1200 and S7-
1500) and Modbus device communicating with the SCADA system:

\Ueee— = & =

— . et e

Figure 8. Connection of SCADA system and PLC and Modbus devices

Connection types that the systems to be controlled communicate with SCADA are configured in the
connection menu. The list of devices added to the SCADA system is displayed in this menu. In this study, Modbus
and 3 PLC devices are used with together. The interface that enables these devices to connect with the computer,
that is called the modem, is selected respectively.

7 pages are created in accordance with the practices developed in this study. The created screens are the
following:

1- Main page

2- Ventilation Control

3- Spring Bending

4- Product Control

5- Greenhouse Humidity and Temperature
6- Alarms

7- Parameter Setting

8- Report

9- Password

There are general information on the main screen. All of them are added to the home screen to allow easy
access to other screens. The product control page of this work is shown in Figure 9;

(o]

Figure 9. Product control
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After all pages are created and tasks are assigned to the buttons, the installed SCADA project becomes
operational. It is possible to view four applications from one screen.

V. CONCLUSION

In this work, the developed applications are; temperature dependent speed control, synchronous operation
of step and servo motors of spring bending machine, product control, reading humidity and temperature
information with Arduino and sending it to SCADA by serial communication. First three systems are connected
to SCADA using different types of PLC, S7-300, S7-1200, S7-1500 respectively and also MODBUS devices.
These four systems transferred to SCADA are monitored on a screen. At the same time, one of the significant
advantages of the SCADA system is that it permits to intervene in the system in the case of malfunction. As a
result of the study, it is made possible to monitor all applications connected to the SCADA system from a single
screen, and the data received from all receivers are monitored on the SCADA screen and also reported. It is made
possible to detect the malfunctions immediately without losing time and to delete them from the remote-control
system. As a result of the study, the importance of the SCADA system installed in automation technology in terms
of both time and convenience is revealed once again.
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