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Abstract: In this study, OPC and PLC based remote-access laboratory has been developed for synchronous motor control experiment.
The monitoring and control of the parameters of synchronous motor has been realized using GPRS and Profi-Lab OPC Server through
the visual programming language. In addition, S7-1200 CPU 1214 DC/DC/DC series PLC was used for control of the system. The motor
parameters monitored in real-time by the user to visually is shown the effect of any change in the parameters of the motor with the help
of the user visual interface. This laboratory carried out monitoring and control of a motor rotating motion and more safely by
conventional methods. In addition, the experiments are realized GPRS communication method using a synchronous motor without a

physical contact between the users. Thanks to the wireless access system, hardware complexity has been eliminated.

Keywords: Synchronous motor, OPC, GPRS, Remote access, PLC.

1. Introduction

Rapidly developing technology presents innovations in many
areas such as electrical, electronic, software and power
electronics. Classical methods and systems are replaced by more
modern infrastructure. Especially, thanks to advanced computer
programs and computer systems in industrial automation systems
are easy technique with computer controlled or the remote control
using industrial equipment [1-3]. The control processing are
performed with wired communication systems such as USB,
serial or parallel port etc. and also wireless communication
systems such as GPRS, Bluetooth, infrared etc. [4-8]. The wired
communication system with different products in large scale
project causes hardware complexity. Therefore the wireless
communication is more preferable methods than the wired
communication [9].

Bluetooth, infrared, and wireless communication systems are
used in small size data transfer capacity and in small projects due
to its low coverage area [10]. GPRS can also be used areas where
with an internet connection because of providing fast and
uninterrupted connection. Therefore, in this study was used
GPRS communication [11-14]. However, the complexity emerges
in a variety of industrial products, and each product uses a
separate driver or program. However, OPC (Ole for Process
Control) foundation helps define the standard through working
groups, and by creating and maintaining open specifications to
standardize communication. The OPC (Open Platform
Communications) is a standard for industrial communications
that enables universal connectivity and interoperability. In
addition, the OPC technology is based on Client/Server
architecture and provides standards-based communication that
allows users to employ a "best of breed" solution for their
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projects. In essence, OPC is the Modbus of the new century [15,
16].

Many professions use OPC to help manage their processes. OPC
is currently used in industries such as: power, oil & gas,
petrochemical, pulp & paper, building automation & HVAC,
automotive manufacturing, pharmaceutical, military applications,
and more. Therefore, in this study, the OPC standard was
preferred  for industrial communications of different
manufacturers to communicate with each other to provide a
common platform between the user interface and GPRS module
because of providing an easy and flexible way communication.
OPC, GPRS module communicates wirelessly used for data
transfer to the user interface. In this way, industrial applications
have reached systematic and reliable structure than conventional
systems. In addition, the OPC provides at the least cost
development and deployment in the development of existing
industrial systems or the establishment of new systems due to
universal structure and support of technological developments
[17]. Thanks to, ability of use the visual platforms functions such
as Matlab, Labview, Profilab and also programming languages
functions Visual Basic, Visual C #, Java, Delphi work integrated
these programs [18-22]. A programming language need code
writing for programming. Therefore, computer software
engineers are generally use visual programming languages.
Microcontroller, FPGA, DAQ and PLC can be used in the
remote-controlled systems as microprocessor in the literature
[22]. Microcontroller-controlled systems are affected by adverse
environmental conditions such as electromagnetic pollution,
ambient noise. Therefore, microcontrollers are generally used in
very simple and small projects [23]. In addition, the existing
structure does not allow for the development of the ability of the
system. A field-programmable gate array (FPGA) is an integrated
circuit designed to be configured by a customer or a designer
after manufacturing—hence "field-programmable".

FPGAs can be used to implement any logical function that an
application-specific integrated circuit could perform. FPGA are
used high-speed application and offer advantages for many
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applications [24].

Data acquisition (DAQ) is the process of sampling signals that
measure real world physical conditions and converting the
resulting samples into digital numeric values that can be
manipulated by a computer. Data acquisition systems typically
convert analog waveforms into digital values for processing. The
components of data acquisition systems include sensors, signal
conditioning circuitry to convert sensor signals into a form, and
analog-to-digital converters. Regardless of the type of physical
property to be measured, the physical state that is to be measured
must first be transformed into a unified form that can be sampled
by a data acquisition system [25]. The FPGA is only used for
high-speed data acquisition and transfer operations, due to no
internal memory. A programmable logic controller (PLC) or
programmable controller is a digital computer used for
automation of electromechanical processes, such as control of
machinery on factory assembly lines, smart home applications,
motor control applications and remote controlled applications.
Unlike general-purpose computers, the PLC is designed for
multiple inputs and output arrangements, extended temperature
ranges, immunity to electrical noise, and resistance to vibration
and impact [26].

In this study, remote control of synchronous motor has been
realized based on OPC and PLC. GPRS communication method
has been used for remote communication because of providing an
easy and flexible way communication. GPRS module
communicates wirelessly used for data transfer to the user
interface. The most important difference of this study from
literature, a wireless remote control and monitoring of the
synchronous motor parameters has been provided. In this
purpose, PLC has been used as controller due to flexible
hardware and stability of working. The monitoring and control of
the parameters of synchronous motor has been realized using
GPRS and Profi-Lab OPC Server through the visual
programming language. The motor parameters monitored in real-
time by the user to visually are shown the effect of any change in
the parameters of the motor with the help of the user visual
interface.

2. Hardware and Software Structure of System

In this study, the remote access electrical machines laboratory
was realized based on OPC and S7-1200 PLC. Block diagram of
the overall system is shown in Fig.1. GPRS communication
method is used for remote access. The Teleservice OPC Server
program was used between the computer and the GPS module for
communication. PLC was preferred monitoring and control of the
system as controller unit due to its stable and fast operation.
Parameters of motor are obtained by means of electronic cards
and controlled by PLC controller and also are transferred to the
OPC Server program using GPRS. All incoming measuring
values defined in our study have been processed and displayed on
the screen.

v e “TEECONTROL SERVER BASIC®

Figure.1 Block diagram of system

2.1. Hardware Units
2.1.1. Controller Unit

Programmable logic controller (PLC), microprocessor and
microcontroller-based control systems are used in the control
systems instead of electrical control circuits such as contactors,
relays, and elements such as timers. PLC is preferred because of
ease of use and programming. In addition, PLC control systems
bring the solutions to complex control circuits, especially the
PLC device is designed for industrial systems so on. Parts of the
PLC hardware used in the industrial field are common. These
parts are power supply, CPU (Central Processing Unit), input and
output unit, program, data and communication interface.

In this study, Siemens S7-1200 1214C DC / DC / DC product
series PLC is used for the processing and evaluating of data from
the system. This PLC has 14 digital input/10 digital outputs, 2
analog inputs and has 8192 bytes of data memory. In addition,
SM 1234 analog module series that works with compatible PLC
is added due to not enough number of analog input channels. This
module has 4 pieces analog inputs and 2 analog outputs. Analog
channels have 13-bit resolution analog-to-digital conversion. The
block diagram of the control unit is given Fig.2.

Figure 2. Overview of control unit

2.1.2. GPRS Module

The CP 1242-7 module adds a GSM/GPRS (Global System for
Mobile Communications/General Packet Radio Service)
networks interface to the Simatic S7-1200 controller. It enables
plant operators to cost-effectively diagnose, maintain, monitor
and control remote stations throughout the world via GPRS and
Internet. The GPRS core network is the central part of the general
packet radio service (GPRS) which allows 2G, 3G and WCDMA
mobile networks to transmit IP packets to external networks such
as the Internet. The GPRS system is an integrated part of the
GSM network switching subsystem [27]. GPRS(General Packet
Radio Service) is a technology that is provided high speed and
from terminal to terminal data communication packet over the
GSM grid. Data communication is possible from point to point or
from point to multi-point. This technology is set up GSM
substructure parallel and can access everywhere in GSM. GPRS
technology is provided fast, easy, economic data communication.
Because grid have a continuous connection to GPRS devices,
Communication time is no. And, access data is easy so
connection is ready not calling whatever number [28].

2.1.3. Measurement Unit

Electronic cards are designed to take synchronous motor
parameters in controller platform. Current-Voltage Read Card is
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making to three phase current-voltage value. Also, to obtain
power factor, zero-crossing circuit is done. Thanks to this dates,
appear, active and reactive power of the synchronous motor is
calculated. The block diagram of measurement card is given in
Fig.3. Values of motor phase voltage are obtained with
transformers. This transformer gives 220/5V output voltage.
Output voltage is rectified with bridge diode and this voltage is
connected analogue input of controller. To obtain current values
for every phase is used three numbers CASR-25NP current
sensor. AC signals which is obtained from current and voltage
card is connected zero-crossing card and power factor is
calculated.

[®
ol

[ 3-Phase Current Input of System ]

== [

B
andO‘pl

nd Ot

1
AC DC AC DC AC-DC
Convertor Convertor Convertor

==

RPhaseIp! S Ipl

[ 3-Phase Voltage Input of System ]

Figure 3. Block schema of the measurement card

Frequency convertor is used to provide development of the
asynchronous motor, run different speeds and obtain speed and
frequency of motor. Frequency converter is preferred because of
it provides to concordance with PLC and responding to dynamic
behavior as fast. Parameters of synchronous motor are given in
Table-1. Together winding stator of synchronous motor apply to
AC, motor is run as asynchronous motor initially. To this process,
frequency motor is used. After motor reached to nominal speed in
asynchronous mode, friction winding of the synchronous motor is
applying 0-110V variable DC voltage. Thus, motor is provided to
reach synchronous speed locking rotate field poles of stator and
poles of rotor. All parameters that is obtained in run time are
transfer to OPC Server over GPRS.
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Table 1. Parameters of synchronous motor

Nominal Power 0,3kW
Nominal rpm 1500
Power Factor 0,97

Excitation Current 0,95 A
Triangular Circuit
Connection Voltage / 400V / 1,44A
Current

2.2. Software Units

2.2.1. Profi-Lab Program

Interface of the application is prepared in Profi-LAB platform
which is graphical programmable language. This platform is help
to development environment by code blocks. Thus, Very complex
applications are possible to design basic level. Design and code
blocks screenshot of the program is given Fig.4. As can be seen
in the image, it is possible to create visual control and monitoring
programs.

2.2.2. Telecontrol Service Basic Program

Telecontrol Service Basic Program is a product of Siemens firm.
This program is used to provide a connection and transfer data to
PC by Siemens CP1242-7 GPRS module. And it is run such as
OPC Server. OPC is a standard name of communication interface
in automation systems. A OLE sentence is mean a component of
Microsoft and it has a structure using by functions of other
platforms [29]. OPC is not a protocol. But, OPC is a standard
approach based on data connectivity with its features. It refers to
client. This standard features is supported by OPC Foundation.
Together OPS Server is existing, all hardware and software
manufactures haven't to share it internal structure of their systems
by other firm and users. Thus, they can be opened by single
standard interface the outside world. Another advantage of OPC
put away limitations in selection of industrial devices and
presents option freedom of the mark to end-user [30]. OPC is
used wide-area such as sewage plants, drinking water distribution
and purifies, the oil and gas stations, district heating systems,
traffic control systems, air stations, wind turbine and building
automation systems since it presents powerful and reliable
platform to hardware and systems. Data transfer process is made
downlink speed as 86kbit/s and uplink speed as 43 kbit/s in this
communication interface as wireless [29, 30].

Figure 4. Profi-Lab Program screenshot and code page view
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3. Design And Application of the System

3.1. Design
In this application is developed an OPC and PLC based remote-

access laboratory for a synchronous motor control experiment.
Block diagram belong to hardware structure of the system
implemented is given Fig. 5.
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Figure 5. Hardware structure of the system implemented

3.2. Implementation and Experimental Results

In application implemented, to obtain parameters of synchronous
motor is used electronic cards. After this data convert to digital
form by SM 1234 analog module, it transfer to PLC. Thanks to
Siemens CP1242-7 GPRS module which is

R Phase Analog Voltage Value  17:  Motor Speed Change Button

R Phase Digital Voltage Value  18:  Speed value of demand on

S Phase Analog Voltage Value  19:  Analog Power Factor

S Phase Digital Voltage Value  20:  Digital Power Factor

T Phase Analog Voltage Value  21:  Analog Motor Speed Amplitude
T Phase Digital Voltage Value  22:  Digital Motor Speed Amplitute
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R Phase Analog Current Value  23:  Analog Motor Work Frequency

R Phase Digital Current Value  24:  Digital Motor Work Frequency

0,

S Phase Analog Current Value  25:  Analog Appear Power Amplitude
10: S Phase Digital Current Value  26:  Digital Appear Power Amplitude
11: T Phase Analog Current Value  27:  Analog Reactive Power Amplitude
12: T Phase Digital Current Value ~ 28:  Digital Reactive Power Amplitude
13:  Motor Rotate of Direction(Left) 29:  Analog Active Power Amplitude
14:  Motor Rotate of Direction(Right) 30:  Digital Active Power Amplitude
15:  System Run 31: Parameter Monitored Table

16:  System Stop

connected to PLC, data transfer to OPC Server. Users connect to
OPC Server as client and data that is obtained is shown in screen
visually. User interface and meaning of the motor parameters that
is placed in user interface are given in Fig. 6.
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Figure 6. General View of the user interface and meaning of the motor parameters that is placed in user interface

While synchronous motor was nominal speed, user interface view
is given Fig. 7. When user is clicked "start" button, user is
connected to system automatically and is monitored three phase
voltage and current values, active, reactive and appearance power
values, running frequency and power factor values of the
synchronous motor over interface.
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Also, user is analyzed this parameters as digital and analogue.
User is controlled start-stop process and process of change to
direction of rotate and speed of motor as digitally. In addition, all
parameters belong to motor is saved as a table in real time. When
user is clicked "stop" button, motor is stop and connection is cut.
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Figure 7. Screenshot of the synchronous motor that is rotated in nominal speed
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4. Conclusion

This study provides remote-access laboratory for synchronous
motor control experiment base on OPC and PLC. The monitoring
and control of the parameters of synchronous motor has been
realized using GPRS and Profi-Lab OPC Server through the
visual programming language. The experiments are realized
GPRS communication method using a synchronous motor
without a physical contact between the users.

Thanks to the wireless access system,

» Hardware complexity has been eliminated.

« The motor parameters has been monitored in real-time

» Using wireless communication more simple and more
convenient environment has been provided.

» Parameter of motor has been observed through visual and
graphical interface.

» Student has the opportunity to do the same experiment
repeatedly.

 Time independent education environment has been obtained.

« Itis achieved more effective and successful learning

In the future

« the application area of this work can be improved by adding
additional hardware module.

« the application area of this work can be used to analyze motor
in Research and Development Projects.
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