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Abstract 

 
Three phase induction motors are mostly used in industry for various 

operations. In this thesis  the Variable Frequency Derive control the speed of 

3-phase induction motor based on programmable logic controller and 

supervisory control and data acquisition  technology. An implementation of a 

hardware and software for speed control, direction control, parameter 

monitoring on supervisory control and data acquisition screen is also provided. 

tank filling ,bottle filling and capping system was taken as an example for 

control by PLC and supervisory control and data acquisition , The Variable 

Frequency Derive control the conveyer belt motor when it move the bottle. All 

the required control and motor performance monitoring data will be taken to a 

personal computer by supervisory control and data acquisition and smart 

phone application which can provide an optimization the automation process 

and makes the system more flexible and easy to operate 
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 اىَسخخيص

اىَحرك اىحثي  ثلاثي الاوجه اصبح ٍِ امثر اىَحرمبث اسخخذاٍب في اىصْبعت و في اىعذيذ ٍِ 

في هزا اىبحث حٌ اىخحنٌ في سرعت اىَحرك اىحثي ثلاثي الاوجه ببسخخذاً ٍغير .اىخطبيقبث 

اىخردد و رىل عِ طريق اىَخحنٌ  اىَبرٍج اىَْطقي  و ّظبً اىخحنٌ الاشرافي ٍسخحور اىبيبّبث 

حٌ اسخخذاً ٍثبه ىخطبيق اىخحنٌ في اىَحرك اىحثي في ّظبً .ا لاسنبدا مَب حٌ اسخخذاً اىنَبيوحر 

حعبئت خساُ يقوً بخعبئت اىسبئو ٍِ اىخساُ في زجبجبث اسخخذً ّظبً اىخحنٌ الاشرافي ٍسخحور 

اىبيبّج في حصَيٌ  اىْظبً و اىخحنٌ فيه بَسبعذة اىَخحنٌ اىَبرٍج اىَْطقي حيث حٌ اىخحنٌ في 

سرعت اىَحرك اىحثي  اىزي يحرك سير اىحرمت اىَسخخذً ىْقو و حغييف اىسجبجبث بواسطت 

 ٍغير اىخردداث
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Chapter One 

Introduction 

1.1 General Concepts  

In this chapter will focus of brief  introduction of the project to be carried out. 

the important overview or description including the problem statement , 

project objective and expected result are well emphasize in  this section    

 SINCE technology for motion control of electric drives became available, the 

use of programmable logic controllers (PLCs) with power electronics in 

electric machines applications has been introduced in the manufacturing 

automation.AC induction motors (IMs) are used as actuators in many 

industrial processes. Although IMs are reliable. 

The mechanical parts of the equipment can cause problems in the course of 

operation and can reduce the life and efficiency of a system so often in the 

industry, need arises for controlling the speed of a 3 phase induction motor. 

motor drives are able to efficiently control motor speed, improve machine 

automation and save energy. Each drive in its variable  drive (VSD) series is 

designed to meet specific application needs. .A Variable speed Drive is used 

for applications where in speed control is of an essential importance due to 

load changes where in the speed needs to be increased or decreased 

accordingly. Traditional methods in existence have addressed this issue, each 

with their own drawbacks such as high motor starting current, lower power 

factor, energy losses, etc. To address these problems, VSD provides a flexible 

approach as compared to traditional methods of speed control especially for 

certain applications which do not require a constant speed at all times. To 

name an example, a pump delivering cooling liquid supply may require peak 

load operation only for a requisite period of time and may require only much 

less amount during the remainder of the day [1]. VSD will allow the speed of 

the pump to run at a lower rate in such case thereby enabling energy saving 

benefits 
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With the advent of technology and availability of motion control of electric 

drives, the application of Programmable Logic Controllers with power 

electronics in electrical machines has been introduced in the manufacturing 

automation systems. The use of PLC in automation processes increases 

reliability and flexibility and also reduces production costs. To obtain accurate 

industrial electric drive systems, it is necessary to use PLC interfaced with 

power converters, personal computers and other electric equipment , 

Programmable logic controllers (PLCs) support digital input/output very 

effectively. So a PLC can also be used to control the operation of a VSD, 

hence to finally control the connected 3 Phase Induction Motor also connected 

with Supervisory Control And Data Acquisition   (SCADA ) system . 

SCADA is a system which exercises supervisory control of a particular device 

from a remote location and the human operator is able to monitor and control 

the device from his computer screen without being physically present near the 

device [2]. 

1.2 Problem Statement 

Most industrial systems that used induction motors need to control the speed of 

the motor so according the kind of the industry sometimes changing the  fixed 

speed in motor or using  different speeds for cretin process in the induction 

motor is essential for the system , that make the controlling speed of  induction 

motor by VSD  for optimal operation is badly needed. 

sometimes the location of the induction motors in certain industries is difficult 

or dangerous to access to be operated and controlled manually so the option of  

controlling  induction motors remotely through PLC and SCADA system  is 

mightily required 
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1.3 Proposed Solution 

The VSD provides a flexible approach as compared to traditional methods of 

speed control especially for certain applications which do not require a 

constant speed at all times, also to obtain accurate industrial electric drive 

systems, it is necessary to use PLC interfaced with power converters, personal 

computers ,smart phones  and other electric equipment, remote the whole 

operation by SCADA system  . 

1.4Aim And  Objectives  

The main aim of control the speed of induction motor is to provide different 

speeds to the motor when are required and save energy by using VSD to 

control the speed, In addition control the induction motor remotely the taken as 

an example filling and capping system to tank and bottle system which use 

VSD to control the induction motor of the conveyer belt. So to achieve this 

aim a system is proposed that include VSD to control the motor PLC and 

SCADA and smart phone to controlling , monitoring and remote the system. 

Simulation of the system was run ,And the practical implementation of the 

system is done. 

1.5 Methodology 

The main steps that followed to accomplish this project in an organized way:  

 Collect data about VSD(variable frequency drive , induction motor . 

 Designing the program the PLC to control VSD remotely   

 Design the SCADA system and connected with plc .  

 connect the pc with smart phone by using any desk application 

 connect the hole process to gather and test it . 

 Record results. 

1.6 Thesis Layout 

This thesis consists of five chapters including  
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 CHAPTER ONE: introduction Highlight problem statement and the 

proposed solution long with  . objective 

 CHAPTER TWO: literature review and previous studies also cover the 

system component.   

 CHAPTER THREE: the design of system.  

 CHAPTER FOUR: results and discussion shows different scenario for 

the system. 

 CHAPTER FIVE: conclusion recommendation for future research.   
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Chapter Two 

Literature Review 

2.1 Over view 

This chapter cover  the previous case studies of controlling induction motor using 

VFD through PLC and SCADA system that have been done previously by other 

researchers and that is so necessary and helpful to refer to the verity of sources in 

order to gain more knowledge and skills to complete this project, The chapter also 

discuses different system part and its function.  

2.2 Previous Works  

Year 2015 Mihir K.Patelin Paper represents the analysis of induction motor speed 

control using VFD (Variable Frequency Drive) system operated by PLC-SCADA 

system. The main aim of the paper is to dealt with the concept of speed control of a 

three-phase induction motor with energy saving. To do so, a VFD (Variable 

Frequency Drive) is used for controlling the speed of a three-phase induction 

motor with variable load attached to the motor. It certainly leads to the best 

performance and high efficiency of the induction motor. Programmable Logic 

Controller (PLC) and Supervisory Control And Data Acquisition (SCADA) are 

two new systems to control a Variable Frequency Drive (VFD) whose output is 

given to a three-phase induction motor and driving a conveyor belt. The conveyor 

belt has three sensors are inputs which senses a passing object and carries out the 

necessary instructions programmed in ladder logic programming of the PLC 

through the computer (PC). The SCADA software installed in the PC in turn 

enables the human operator to control the entire operation away from the plant and 

just by using the virtual inputs designated on his computer screen. [3] 
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In year 2015 Jitendra Kumar Vermapresent paper the title is Implementation of 

PLC in VFD Controlled Induction Motor. forces of deregulation and competition 

have also influence the organizational utilities – forcing the growth of automation 

and information strategies competitive industries. Tests have proved that an 

inverter driven induction motor system, controlled by PLC makes possible higher 

accuracy in speed regulation when compared to a conventional V/f control system. 

The proposed design covers the implementation parameters directing to improve 

the human machine interaction. This computer controlled systems has the ability to 

continuously develop its control strategy conditions for flexible operations. The 

tasks controlled through the control panel include customized starting, direction 

controlling and speed controlling and Limit switch.[4] 

The paper PLC Application for speed control of induction motor through VFD 

presented by  Ms. N. M. Rao1year 2017 is about controlling the speed of a three 

phase induction motor using variable frequency drive(VFD) through 

programmable logic controller(PLC). Programmable logic controller is an 

industrial controlling device and is used to automate machines and factory 

assembly lines. Main purpose of this paper is to automate the three phase induction 

motor by controlling the inputs to variable frequency drive through PLC and 

therefore as a result the inputs to the induction motor will be changed and thus the 

speed of induction motor will changed accordingly. VFD employed in this 

experiment is based on V/f method of speed control in which flux remain 

constant.[5] 

According to the paper  Induction Motor Speed Control Using PLC AND SCADA 

which prepared by Gupta V year 2018 Automation can be defined as the 

technology by which a process or way is performed without human succor. 

automatic control, is the use of various control system for operating equipment 

such as machinery, processes in industries, boilers and electrostatic precipitator, 
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switching on communication networks, navigation and stabilization of ships, 

aircraft and other applications and vehicles with trifling human intervention. Some 

processes have been completely automated. The motor speed is controlled via the 

driver as an open loop control system. To make a more accurate closed loop 

control of motor speed we will use a tachometer (revolution-counter, tach, rev-

counter, RPM gauge) to measure the speed and feed it back to the PLC, which 

compares to the desired value and take a control action, then the signal is 

transferred to the motor – via driver – to increase / decrease the speed. We will 

measure the speed of the motor using an incremental rotary encoder by adjusting 

parameters (PLC, driver) and also, we need to reduce the overall cost of the 

system. Our control system will be held using the available Siemens PLC. In 

addition, we will monitor motor parameters via SCADA system.[6]. 

Prof. Dr. D.S.Bankar present in year 2018 a paper title Control of Induction Motor 

Using PLC and VFD about In electrical machine technology there are different 

types of motor available and one has to choose the proper motor type depending on 

his/her own requirements and applications. However, the most widely used and 

more efficient motor available of all is the Induction Motors. Hence, it initiates a 

need to control various parameters of induction motor in order to run it properly 

and efficiently. This paper shows the “Direct On-line Starter” and speed 

management of 3-phase induction motor through VFD. There are many different 

methods and starter available to start the motor out of which DOL (Direct Online 

Starter) is very simple and cheap. To control the speed of induction motor many 

techniques and drives are available out of which VFD (Variable Frequency Drive) 

is used here. The employment of VFD will increase potency, reliability, energy 

savings and supply speed variation. PLC is employed for beginning the DOL 

starter and also the main side of victimization PLC is to try and do operation 

remotely.[7].  
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2.1 Induction motor 

A motor with only armature windings is called an induction motor. An induction 

motor is the most modest electrical machine from constructional point of view, in 

the majority of the cases. Induction motor works on the principle of induction 

where electro-magnetic field is induced into the rotor when rotating magnetic field 

of stator cuts the stationary rotor. Figure 2.1 show induction motor 

 

 

 

 

 

 

 

 

 

 

 

Induction machines are by far the most common type of motor used in industrial, 

commercial or residential settings. It is a three phase AC motor. Its characteristic 

features are: 

 Simple and rugged construction 

 Low cost and minimum maintenance 

 High dependability and sufficiently high proficiency 

 Needs no additional starting motor and necessity not be synchronized 

 

Figure2. 1Induction motor 
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2.1.1 Construction of a 3 phase induction motor 

Just like any other motor, a 3 phase induction motor also consists of a stator and a 

rotor. Basically there are two types of 3 phase IM - 1. Squirrel cage induction 

motor and 2. Phase Wound induction motor (slip-ring induction motor). Both types 

have similar constructed rotor, but they differ in construction of rotor. This is 

explained further. The stator of a 3 phase IM (Induction Motor) is made up with 

number of stampings, and these stampings are slotted to receive the stator winding. 

The stator is wound with a 3 phase winding which is fed from a 3 phase supply as 

It is wound for a defined number of poles, and the number of poles is determined 

from the required speed. For greater speed, lesser number of poles is used and vice 

versa. When stator windings are supplied with 3 phase ac supply, they produce 

alternating flux which revolves with synchronous speed. The synchronous speed is 

inversely proportional to number of poles (Ns = 120f / P). This revolving or 

rotating magnetic flux induces current in rotor windings according to Faraday's law 

of mutual induction.  An induction motor has basically two parts: Stator and Rotor. 

The stator is made up of various stampings with slots to carry three phase 

windings. It is wound for a distinct number of poles. The windings are 

geometrically divided 120 degrees separated. Two sorts of rotors are used in 

Induction motors: Squirrel cage rotor and Wound rotor. No DC field current is 

required to run the machine. Rotor voltage is induced in the rotor windings rather 

than being physically connected by wires. figure 2.2shown stator  
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Figure2. 2 Stator 

The rotor is the rotating part of the electromagnetic circuit. The most common type 

of rotor is the squirrel cage rotor. The rotor comprises of a cylindrical laminated 

core with axially placed parallel slots for carrying the conductors. Each slot carries 

a copper, aluminum, or alloy bar. The rotor of three-phase induction motors 

frequently is likewise implied as an anchor. The purpose behind this name is the 

anchor shape of the rotors used within quite early electrical devices. In electrical 

equipment the anchor’s winding would be induced by the magnetic field, although 

the rotor takes this part in three-phase induction motors. figure 2.3 below show 

rotor 

  

Figure2. 3 rotor 

Induction motor has the same physical stator as a synchronous machine with an 

alternate rotor development. Induction motor might be worked as either motors or 

https://4.bp.blogspot.com/-qOIjk1WjUWE/UwmFGVyfnNI/AAAAAAAAAgQ/ugoE2SUbhwA/s1600/stator-3phase-induction-motor.png
https://1.bp.blogspot.com/-XKgw-Ok4Mz4/UwmFbk7-nFI/AAAAAAAAAgY/yXdwaLiXKqQ/s1600/squirrel-cage-rotor.png
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generator. On the other hand, they are fundamentally used as induction motors. 

2.1.2 Types of Induction Motors  

Single phase induction motor: The single-phase induction motor is not self-

starting. When the motor is connected to a single-phase power supply, the main 

winding carries an alternating current. Three-Phase Induction Motor: These motors 

are self-starting and use no capacitor, start winding, centrifugal switch or other 

starting device. Three-phase AC induction motors are widely used in industrial and 

commercial applications. These are of two types, squirrel cage and slip ring 

motors. Squirrel cage motors are widely used due to their rugged construction and 

simple design. Slip ring motors require external resistors to have high starting 

torque. [8] 

2.4 Programmable Logic Controller ( PLC) 

Programmable Logic Controller A Programmable Logic Controller, or PLC, is a 

ruggedized computer used for industrial automation. These controllers can 

automate a specific process, machine function, or even an entire production line. 

The PLC receives information from connected sensors or input devices, processes 

the data, and triggers outputs based on pre-programmed parameters Figure 2. show 

PLC Micro Logix 1100 controller  

 

Figuer2.4 PLC Programmable Logic Controller 
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Depending on the inputs and outputs, a PLC can monitor and record run-time data 

such as machine productivity or operating temperature, automatically start and stop 

processes, generate alarms if a machine malfunctions, and more. Programmable 

Logic Controllers are a flexible and robust control solution, adaptable to almost 

any application. There are a few key features that set PLCs apart from industrial 

PCs, microcontrollers, and other industrial control solutions: 

• I/O – The PLC’s CPU Central Processor Unit stores and processes program data, 

but input and output modules connect the PLC to the rest of the machine; these I/O 

modules are what provide information to the CPU and trigger specific results. I/O 

can be either analog or digital; input devices might include sensors, switches, and 

meters, while outputs might include relays, lights, valves, and drives. Users can 

mix and match a PLC’s I/O in order to get the right configuration for their 

application. 

• Communications – In addition to input and output devices, a PLC might also 

need to connect with other kinds of systems; for example, users might want to 

export application data recorded by the PLC to a supervisory control and data 

acquisition (SCADA) system, which monitors multiple connected devices. PLCs 

offer a range of ports and communication protocols to ensure that the PLC can 

communicate with these other systems. 

• Human Machine Interface (HMI) In order to interact with the PLC in real time, 

users need an HMI, or Human Machine Interface. These operator interfaces can be 

simple displays, with a text-readout and keypad, or large touch screen panels more 

similar to consumer electronics, but either way, they enable users to review and 

input information to the PLC in real time. 
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figuer2 5 PLC system 

MicroLogix™ 1100 Programmable Logic Controller Systems add embedded 

EtherNet/IP™, on-line editing, and an LCD panel to the MicroLogix family. The 

built-in LCD panel shows controller status, I/O status, and simple operator 

messages. With 2 analog inputs, 10 digital inputs and 6 digital outputs, the 

MicroLogix 1100 controller can handle a wide variety of tasks.[9] 
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2.5 SCADA SYSTEM 

SCADA stands for Supervisory Control and Data Acquisition. SCADA refers to a 

system that collects data from .various sensors at a factory, plant or in other remote 

locations and then sends this data to a central computer which then manages and 

controls the data. SCADA is a term that is used broadly to portray control and 

management solutions in a wide range of industries. One of key processes of 

SCADA is the ability to monitor an entire system in real time.. The main purposes 

for the use of a SCADA system would be to collect the needed data from remote 

sites and even the local site, displaying them on the monitor of the master 

computer in the control room, storing the appropriate data to the hard drive of the 

master computer and allowing the control of field devices (remote or local) from 

the control room. SCADA systems are equipped to make immediate corrections in 

the operational system, so they can increase the life-period of your equipment and 

save on the need for costly repairs. It also translates into man-hours saved and 

personnel enabled to focus on tasks that require human involvement [10] 

2.6 Variable Speed Drive (VSD)  

When an induction motor starts, it will draw very high inrush current due to the 

absence of the back EMF at start. This results in higher power loss in the 

transmission line and also in the rotor, which will eventually heat up and may fail 

due to insulation failure. The high inrush current may cause the voltage to dip in 

the supply line, which may affect the performance of other utility equipment 

connected on the same supply line. Adding a variable speed drive (VSD) to a 

motor-driven system can offer potential energy savings in a system in which the 

loads vary with time. VSDs belong to a group of equipment Figure 2.6below show 

variable frequency derive 
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figer2.6 Variable speed Drive (VSD) 

 

called adjustable speed drives or variable speed drives. that have a safety factor. 

This often leads to energy inefficiency in systems that operate for extended periods 

at reduced load. The ability to adjust motor speed enables closer matching of motor 

output to load and often results in energy savings 

The components of the drive system are broken into four major categories: source 

power, rectifier, dc bus, and inverter. Other components exits such as resolver and 

encoder feedback devices, tachometers, sensors, relays and help supplement the 

system.. First, the source power must be converted from alternating current to 

direct current. This conversion is accomplished by means of a rectifier; a diode is 

used for more intelligent rectification. The power source that was 460volts ac, 60 

Hertz now converted to 650 volts dc. This AC to DC conversion is necessary 

before the power can be changed back to AC at a variable frequency.  
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Figure2.7 the change of the VSD frequency 

 

The diode bridge converter that converts AC-to-DC is sometimes just referred to as 

a converter. The converter converts the dc back to ac is also a converter, but to 

distinguish it from the diode converter, it is usually referred to as an inverter. It has 

become common in the industry to refer to any DC-to-AC converter as an inverter 

PowerFlex® 4 AC Drives are designed to meet global OEM and end-user 

requirements for simplicity, space savings, and cost efficiency. These compact 

drives provide intuitive features such as an integral keypad with local 

potentiometer and control keys that are active right out of the box.[11] 

 

2.7 Phase Failure Relay 

The Phase Failure Relay is a phase-voltage-balance monitoring device designed for 

use with magnetic controls to automatically prevent three phase motors or other 

equipment from operating or attempting to start up under open phase or single-

phase conditions, thereby eliminating burnouts and consequent down-time 

frequently incurred by phase failure.. Figure2.8 show the phase failure  
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Figure 2. 8 phase failure 
 

Phase Failure Relay is not a thermal device. It operates on the principle of phase 

voltage unbalance which may occur in a three phase system. It also protects against 

phase loss. All Phase Failure Relay models are listed with Underwriter 

Laboratories. Phase Failure Relay can be used to protect any magnetically 

controlled three phase equipment that would be damaged if subjected to abnormal 

phase conditions such as single phasing. It is designed to monitor any three phase 

supply line, and can be used with any type of actuating controls such as push 

button stations, thermostats, pressure or float switches. It may also be used in a trip 

circuit utilizing manually operated starters in conjunction with shunt or capacitive 

trip devices. Typical applications are any three phase motor. Unattended motors, 

such as ventilation fans, Pumps, refrigeration equipment, air conditioning units, 

welders and computers. 

2.7.1 Operation of phase failure 

Phase Failure Relay is a self contained power sensing device. In normal operation 

the incoming phases of the three phase voltage applied to our power-sensing 
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network are in balance. When any phase becomes more than 12% unbalanced from 

the other two (either low or high), or a phase loss occurs, the sensing network will 

deliver an output voltage to activate the transistor circuit. This will cause the 

master output relay on the Phase Failure Relay to trip (either dropout or pickup 

depending upon model). A time delay of approximately 1 ½ seconds is 

incorporated to eliminate the possibility of nuisance tripping.. [12] 

 

2.8 Proximity Sensor 

The maximum distance that this sensor can detect is defined nominal range. Some 

sensors have adjustments of the nominal range or means to report a graduated 

detection distance. Proximity sensors can have a high reliability and long 

functional life because of the absence of mechanical parts and lack of physical 

contact between sensor and the sensed object. figer2 9  shown Proximity Sensor 

 

Figure2 1 Proximity Sensor 

 

The proximity sensor on most smart-phones with touch screen exists to disable 

accidental touch events. The most common scenario is the ear coming in contact 

with the screen and generating touch events, while on a call. The simplest 

proximity sensors do not measure distance. A bumper can be passive, simply 

making the robot bounce away from things it hits. More often, a bumper has a 

switch that closes when it makes contact, sending a signal to the controller causing 
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the robot to back away. When whiskers hit something, they vibrate. This can be 

detected, and a signal sent to the robot controller.[13] 

2.9 Digital temperature Controller   

A temperature controller is an instrument used to control temperature calculating 

the difference between a set point and a measured temperature. The controller 

takes an input from a temperature sensor and has an output that is connected to a 

control element such as a heater or fan.  

 

Figure2. 2  Digital temperature Controller   

To accurately control process temperature without extensive operator involvement, 

a temperature control system relies upon a controller, which accepts a temperature 

sensor such as a thermocouple or RTD as input. It compares the actual temperature 

to the desired control temperature, or set point, and provides an output to a control 

element. The temperature controller or thermostat is one part of the entire control 

system, and the whole system should be analyzed in selecting the proper 

equipment.[12] 
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2.9.2 Thermocouple 

 A thermocouple is a sensor for measuring temperature. This sensor consists of two 

dissimilar metal wires, joined at one end, and connected to a thermocouple 

thermometer or other thermocouple-capable device at the other end. When 

properly configured, thermocouples can provide temperature measurements over 

wide range of temperatures figuer2 .11 show Thermocouple 

 

 

 

Figuer2. 3 Thermocouple 

2.19 Level control device 

 A level sensor is a device for determining the level or amount of fluids, liquids or 

other substances that flow in an open or closed system. There are two types of 

level measurements, namely, continuous and point level measurements. 

Continuous level sensors are used for measuring levels to a specific limit, but they 

provide accurate results. Point level sensors, on the other hand, only determine if 

the liquid level is high or low. The  figer2 12 Level control device 
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Figure 2.  4 Level control device 

. The level sensors are usually connected to an output unit for transmitting the 

results to a monitoring system. Current technologies employ wireless transmission 

of data to the monitoring system, which is useful in elevated and dangerous 

locations that cannot be easily accessed by common workers. Applicable for 

Electrically Conductive (Sensitive) liquid like water and Electrically Non-

Conductive liquid like diesel, oil etc. input sensor for conductive liquid, use a three 

sensing electrode [High (H), Low (L), Ground (G)] of suitable electrically 

Conductive metal (like stainless steel) and non-Conductive liquid, use a two set 

(High (H) & Low (L) of float type magnetic reed switch sensor. liquid Sensing to 

relay tripping time delay is less than 1 sec.[14] 

Electrode Maximum Voltage : 24 VAC & Current : 1 mA (50/60 Hz)Galvanic 

isolation via transformer. figure  

Relay Output : One Change over (1CO), 5A @ 230VAC/28VDC resistive load.  
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Figure 2. 5 Electrode  

 

2.12 Photo sensor 

A photoelectric sensor emits a light beam (visible or infrared) from its light-

emitting element .A reflective-type photoelectric sensor is used to detect the light 

beam reflected from the target. A thru beam type sensor is used to measure the 

change in light quantity caused by the target crossing the optical axis. 

2.12.1 Principle and major types 

A beam of light is emitted from the light emitting element and is received by the 

light receiving element. 

 Reflective model 

 

Figure 2. 6 Reflective model 
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 Both the light emitting and light receiving elements are contained in a single 

housing. The sensor receives the light reflected from the target. 

 Thru beam model 

 

Figure 2. 7 Thru beam model 

 The transmitter and receiver are separated. When the target is between the 

transmitter and receiver, the light is interrupted. 

 Rotor effective model 

 

Figure 2. 8 Rotor effective model 

 Both the light emitting and light receiving elements are contained in same 

housing. The light from the emitting element hits the reflector and returns to 

the light receiving element. When a target is present, the light is interrupted. 

[16] 
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2.13 Control Valve  

A control valve is a valve used to control fluid flow by varying the size of the flow 

passage as directed by a signal from a controller ,This enables the direct control of 

flow rate and the consequential control of process quantities such as pressure, 

temperature, and liquid level. figer2 17 show control valve 

 

 

Figure 2. 9 control valve 

2.13.1 Operation of control valve  

Air-actuated control valves each with a 4-20 mA "I to P" converter integral to a 

valve positioner. In this example each positioner is comparing the valve stem travel 

against control signal, and applying any correction 

 

Figure 2. 10 Operation of control valve 

.The opening or closing of automatic control valves is usually done by electrical, 

hydraulic or pneumatic actuators. Normally with a modulating valve, which can be 

https://en.wikipedia.org/wiki/Electrical
https://en.wikipedia.org/wiki/Hydraulic
https://en.wikipedia.org/wiki/Pneumatic_actuators
https://en.wikipedia.org/wiki/File:Pl_control_valve.jpg
https://en.wikipedia.org/wiki/File:Control_valves.jpg
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set to any position between fully open and fully closed, valve petitioners are used 

to ensure the valve attains the desired degree of opening.  .Air-actuated valves are 

commonly used because of their simplicity, as they only require a compressed air 

supply, whereas electrically-operated valves require additional cabling and switch 

gear, and hydraulically-actuated valves required high pressure supply and return 

lines for the hydraulic fluid. .An automatic control valve consists of three main 

parts in which each part exist in several types and designs:  

 Valve actuator - which moves the valve's modulating element, such as ball 

or butterfly. 

 Valve positioner - Which ensures the valve has reached the desired degree of 

opening. This overcomes the problems of friction and wear. 

 Valve body - in which the modulating element, a plug, globe, ball or 

butterfly, is contained. [17] 

2.14 Pump  

Pump, a device that expends energy in order to raise, transport, or compress fluids. 

Figure2.19 below show pump 

 

Figure 2. 11 pump 
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2.14.1 Classification Of Pumps 

Pumps are classified according to the way in which energy is imparted to the fluid. 

The basic methods are 

 volumetric displacement, 

 addition of kinetic energy, and  

 use of electromagnetic force.  

A fluid can be displaced either mechanically or by the use of another fluid. Kinetic 

energy may be added to a fluid either by rotating it at high speed or by providing 

an impulse in the direction of flow. In order to use electromagnetic force, the fluid 

being pumped must be a good electrical conductor. Pumps used to transport or 

pressurize gases are called compressors, blowers, or fans. Pumps in which 

displacement is accomplished mechanically are called positive displacement 

pumps. Kinetic pumps impart kinetic energy to the fluid by means of a rapidly 

rotating impeller. Broadly speaking, positive displacement pumps move relatively 

low volumes of fluid at high pressure, and kinetic pumps impel high volumes at 

low pressure.  A certain amount of pressure is required to get the fluid to flow into 

the pump before additional pressure or velocity can be added. If the inlet pressure 

is too small, cavitation (the formation of a vacuous space in the pump, which is 

normally occupied by liquid) will occur. Vaporization of liquid in the suction line 

is a common cause of capitation. Vapor bubbles carried into the pump with the 

liquid collapse when they enter a region of higher pressure, resulting in excessive 

noise, vibration, corrosion, and erosion. 

The important characteristics of a pump are the required inlet pressure, the capacity 

against a given total head (energy per pound due to pressure, velocity, or 
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elevation), and the percentage efficiency for pumping a particular fluid. Pumping 

efficiency is much higher for mobile liquids such as water than for viscous fluids 

such as molasses. Since the viscosity of a liquid normally decreases as the 

temperature is increased, it is common industrial practice to heat very viscous 

liquids in order to pump them more efficiently. [18] 

2.15 The simulation programs 

2.15.1 RSLinx 

RSLinx is a windows based communication software package developed by 

Rockwell. Software to interface to all of the Rockwell and A-B industrial control 

and automation. hardware. RSLinx comes in a variety of different flavors 

including.RSLinx-Lite – PLC Programming software communication interface. It 

is the communications driver between the programming platforms (RSLogix) and 

the controllers themselves.  RSLinx is only for Allen Bradely PLC 

programming[19] Figure 2.20 show the window of the RSLinx 

 

 

 
Figure 2. 20 RSLinx 
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2.15.2 RSLogix 

The RSLogix™ family of IEC-1131-compliant ladder logic programming 

packages helps you maximize performance, save project development time, and 

improve productivity. This family of products has been developed to operate on 

Microsoft Windows® operating systems. Supporting the Allen-Bradley SLC™ 

500 and MicroLogix™ families of processors, RSLogix™ 500 was the first PLC® 

programming software to offer unbeatable productivity with an industry-leading 

user interface.. RSLogix 500 programming package is compatible with programs 

created with Rockwell Software DOS-based programming packages for the SLC 

500 and MicroLogix families of processors, making program maintenance across 

hardware platforms convenient and easy[18] Figure 2.21 show the window of 

RSLogix 

 

 

 

Figure 2. 21 RSLogix 
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2.15.3 In Touch 

InTouch HMI enables users to quickly create and manage standardized, reusable 

industrial applications to maximize the return on engineering, shorten project 

times, more clearly inform operators, reduce risk and significantly lower total cost 

of ownership., Application Templates allow users to start the design of a new HMI 

application from a base template instead of starting from scratch, saving hours and 

hours of engineering. Application Templates can be as simple as a navigation 

framework or as rich as the user desires. System Integrators can reuse their 

engineering in multiple projects, OEMs can deliver base applications to their end 

users, and new users can get started in a shorter time. Application Templates can 

be selected via a template browser which provides a thumbnail preview of the 

templates. Users can organize Application Templates in a folder structure of their 

choice, by resolution, by industry, by customer, by engineering team, etc .A 

number of Application Templates are available out-of-the-box. Users can create 

their own application template Figure2.22 below show the window of InTouch 

program.[20]  

 

 

Figure 2.22 InTouch 
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 2.15.4 AnyDesk 

AnyDesk is a proprietary remote desktop tool distributed by AnyDesk Software 

GmbH. The software program facilitates remote access to personal computers 

running the host application, which can be installed on Windows, maces, Linux 

and FreeBSD. AnyDesk allows users to access said computers both from personal 

computers and from iOS and Android mobile devices. AnyDesk enables you to 

work remotely from wherever you are. Every time you need to access a remote 

screen, whether it is just across the office floor or on the other side of the world, 

you can use AnyDesk. Just start the downloaded AnyDesk.exe file and you are 

ready to go. Figure 223 show the window of AnyDesk. 

 

 

Figure 2. 23 AnyDesk 

 

https://en.m.wikipedia.org/wiki/Remote_desktop_software
https://en.m.wikipedia.org/wiki/Personal_computers
https://en.m.wikipedia.org/wiki/Windows
https://en.m.wikipedia.org/wiki/MacOS
https://en.m.wikipedia.org/wiki/Linux
https://en.m.wikipedia.org/wiki/FreeBSD
https://en.m.wikipedia.org/wiki/IOS
https://en.m.wikipedia.org/wiki/Android_(operating_system)
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CHAPTER THREE 

SYSTEM IMPLEMENTATION 

3.1 Overview  

This chapter is about describing the block diagram, flow chart and the description 

of the system design and operation design. 

3.2 block diagram of the system 

the block diagram deals with key components of the system. The digital computer 

is used as an interface between PLC and SCADA, Also consists of sensors that 

send the signals to the PLC unit as inputs ,The PLC is a microprocessor based 

system controller used to sense, activate and control industrial equipments , 

SCADA is a centralized system used to supervise a complete plant and basically 

consists of data accessing features and controlling processes remotely. The 

communication protocol used is Ethernet, The Variable Frequency Drive VFD 

connected to the PLC receives AC power and converts it to different frequency 

adjustable voltage output for controlling the three phase induction motor  of the 

operation. also we can control and remote the hole process by smart phone through 

ANY DESK application which is connecting the smart phone and the pc by 

network the figure 3.1 show the block diagram 

 

Figure 3. 1 block diagram  
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3.3 flow Chart Of The System 

In this thesis there are two flow chart to present the system figure 3.2 is the flow 

chart1 that show controlling the speed of the induction motor that used in conveyer 

belt by VFD  and figure 3.2 is the flow chart 2 that show the whole system process 

of the filling tank ,bottle and capping by PLC, SCADA 

 

 

Figure 3. 2  flow chart 1 Controlling  Induction motor 
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Figure 3. 3 Flow Chart 2 full system process   
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3.4 Description Of The System 

the system is being installed using the following components: 

 Three phase induction motor. 

 Programmable logic controller PLC. 

 Variable frequency deriver VFD. 

 Phase failure 

 Level control device. 

 Temperature controller. 

 4 Proximity sensor. 

3.5 Signal movement  

the system is design as follow: 

the phase failure, level control, temperature controller and the two proximity 

sensors are wiring to the plc inputs in respect which is 

• Phase failure wiring with PLC from the Port 18 and the I/0 in the PLC the Port 

16 is wiring to(+ 24)dc volt power supply. 

• Level control wiring the Port 3 to the input I/1 in the PL and wiring the Port 2 

to (+ 24)dc volt power supply. 

• Temperature control wiring the Port 13 and 14 to the inputs I/2 ,I/3 in order 

also wiring the Port 15 to (+ 24)dc volt power supply . 

• The proximity sensors are wiring the blacks wire to inputs I/4 ,I/5 in order also 

wiring the blue wire to (+ 24)dc volt power supply and brown wire to (-24)dc 

volt power supply . 

The VFD wiring to the plc as follow: 

• Port 1 (stop) in the VDF wiring to (+ 24)dc volt power supply . 

• Port 2(start) in VFD wiring to the plc output O/2. 

• Port 3 (reveres) in VFD wiring to the plc output O/3. 
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• Port 4 (digital common) in VFD wiring to (- 24)dc volt power supply. 

• Port 5 (preset frequency)in VFD is wiring  to the plc output O/4. 

• Port 6 (digital input) in VFD is wiring  to the plc output O/5. 

Every (DC com) port in the PLC is wiring to  (- 24)dc volt power supply. 

Figure3. 4the wiring design 
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3.6 SCADA System Design 

in this SCADA design to control and monitoring automatic tank filling and 

backing process using PLC and SCADA system following . 

 When the switch start pump1 and valve 1 will start to fill the tank by 50% 

when the water level reach the set point of the level sensor pump1 and 

valve1 well stop while pmup2 and level 2 will start to fill the tank by 50% 

also, when the tank is completely filled and water level reach the set point of 

the level sensor pump 2 and valve 2 well stop. 

 After filling the tank the heater will start heating the liquid an tell the 

temperature sensor reach the set point then the heater will stop. 

 At the same time of staring the heater the 3 phase induction motor also start 

moving the conveyer belt to move the bottle below valve three . 

 When the proximity sensor 1 detect the bottle the motor slow down  the 

speed by the VFD for some time and when the proximity sensor2 detect the 

bottle the VFD well stop  the motor . 

 Valve 3 will open when the bottle stop according to proximity sensor 2. 

 The ultra sonic check if the bottle is quite full and send a signal to motor to 

start work again and when the bottle reach proximity sensor 3 the speed of 

the motor well slow down again to provide smooth stop when the bottle 

reach proximity senor 4 

 The capping machine start according to proximity sensor 4 signal after 5 

second the capping machine well stop and bottle moving 

 The hole process repeat every 10 bottles . 
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Figure 3.5 SCADA design for filling process 
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The figure below for monitoring the processes of the system the indicators, the 

safety and alarms  

 

Figure3 .6 Safety and Alarm Unit 

 

 

The figure is graphic show the tank level , temperature and the count of bottles 

 

Figure 3 1 graphic representation for process variable 
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This figure show the window that can control the motor speed through the variable 

speed driver 

 

Figure 3. 2 Variable speed derive unit for motor control 

 

the figure below is graphic show the motor frequency 

 

Figure 3 3 graphic representations for motor speed 
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3.7 The practical system connection and devise 

As shown in Figure 3.9 the motor is connected to VSD by start -delta connection 

the VSD connected to the PLC as an outputs so the plc can control the VSD  also 

connected a phase failure as a protection devise in case any phase get lose or there 

is a voltage drop in the three phase supply .The level control ,temperature control 

and the proximity sensors are connected to the input ports of the plc so when the 

system switch on the VSD resave the signal from the PLC to change the speed of 

the motor according  the change of the signal of the proximity sensor .all this 

component can control and remote by SCADA system either through the pc or the 

smart phone 

 

 

Figure 3. 9 the component of the practical  part of the system 
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CHAPTER FOUR 

System Simulation Results and Discussions 

4.1 Overview 

After programming the system it must save and compile the errors, if there is an 

error program must be corrected, then export it to step7- 300 simulators to test it 

and show the results. This section discus all outputs reactions which happened 

according to specific actions have given to the inputs before. These reactions made 

the outputs either active or not active, in another word either on or off. Changing 

outputs situations happen immediately or may take time because major of inputs 

depend on timers 

4.2 The simulation Program 

4.2.1 SCADA System Using  InTouch 

The SCADA system design by InTouch program. this simulation has 5 window as 

shown in figure 4.6.a window 1 included two parts the first part is about tank 

filling and heater, this part contain of   2 pumps and 2 valve to filling the tank also 

there are 2 level control to measure the level of the liquid in the tank and 

temperature sensor to control the heater . 

The second part is the conveyer belt which contain of motor to move the conveyer 

belt ,4 proximity sensors to detect the position of the bottle, photo sensor to check 

if the bottle s full and capping machine .this window also has a digital display that 

show tank level percentage , pumps mood, temperature mood and counter to count 

the bottle that get packing,  Also main switch to operate the system . 
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Figure 4.1 a Automatic system position1 
 

Figure .7.b ,figure 4.7.c and figure 4.7.d shows the different position of the bottle 

which according to the proximity sensors and photo sensor signals the VSD control 

start, stop and the speed of the induction motor that move the conveyer belt  

in the figure 4.7.b the bottle was in the start position and its move when the pump2 

stop working which the level sensor1 send a signal when the tank full to stop the 

pump2 ,valve 2 and to operate the motor by sending signal from the VSD (port2) 

to start the motor to move the bottle. When the bottle detected by proximity sensor 

1 the speed of the VSD (port 5) send a signal t decrease the the speed of the motor 

as shown in figure 4.7.b 
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Figure 4.1 b Automatic system position2 
 

And when the bottle detected by proximity sensor 2 the VSD (port1) send a signal 

to the motor to stop moving the valve 2 open and fill the bottle it as show in figure 

4.7.c after the bottle full the photo sensor send signal to VSD (port2) to tart the 

motor again to move the bottle and When the bottle reach proximity sensor 3 the 

VSD (port 5) decrease the  motor speed . 
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Figure 4.1 c Automatic system position3 
 

The bottle stopped again   in the position of proximity sensor 4 to get capping by 

the capping machine  and then the motor start to move the bottle to the packing 

unit and the process of filling bottle start again antel the count complete ten bottles 

then the tank start filling again 

. 

 

Figure 4.1 d Automatic system position 4 

photo sensor  
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Figure 4.8.a , figure 4.8.b and figure 4.8.c are show the graphical presentation for 

the process  variable, the first graph in the left present the level of the tank in the 

filling process as shown in figure 4.8.a. The second graph present the total number 

of bottles when the tank ful the bottle start filling as shown figure 4.8.b and c so 

the number of bottle start increase while the level of the tank  will decrease.in thes 

graphs the axel x present the time 

 

 

Figure 4.2 a graphic for tank and no. of bottle case1 
 

 

Figure 4.2 b graphic for tank and no. of bottle case2 
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Figure 4.2 c graphic for tank and no. of  bottle case 3 
 

the next figure show graphical presentations for motor frequency and the change 

that been through the VSD control the motor frequency according to the speed that 

the motor need it to move the bottle in the conveyer belt as shown in figure 4.9 

axel x for time ,y for frequency 

 

Figure 4. 3 graphic for motor speed  
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The figure below show the VSD unit for motor control in the real time application . 

This window provide full remote control to the VSD through the PLC and CSADA 

which can stop start the motor and change the frequencies to change the speed of 

the motor. Figure 4.10.a and 4.10. b show the different changes in the frequencies  

 

Figure 4.4. a VSD unit case1 

 

 

Figure 4.4. b VSD unit case2 
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Next figure show the window of safety and alarm in the real time application 

which contain indicators that monitor entire system. in the normal case all alarms 

light are green color and the alarm of the proximity change the color to red 

according to the position of the bottle in the conveyer belt.  So For example if the 

motor over load the lamp will become red as shown in the Figure 4.11.a so then 

VSD well stop the motor  

 

Figure 4.5. a safety and alarm unit 

If the temperature sensor exceed the set point the alarm will become red as it show 

in figure 4.11.b then the heater well stop 

 

 

 Figure 4.5. b safety and alarm unit 
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 Also if the one of the phases of the power supply get lose or are not in the 
sequence the phase failure well send a signal and the alarm will become red as 
shown in figure 4.11.c so the VSD will stop the motor. All of this procedures are 
programmed in the PLC by Allen Bradley ladder language    
res  

  

 

 Figure4.5. c safety and alarm unit. 
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CHAPTER FIVE 

CONCULOTION AND RECOMENDATIONS 

5.1 Conclusion 

As a conclusion, the aim for control the motor speed by the VFD  and automating 

process by PLC and through SCADA system  has been achieved successfully. No 

human supervision was necessary. The PLC MicroLogix™ 1100 also offers many 

Input Output ports. Hence this single system can also take tank filling ,bottle filling 

and capping system which control the speed of the three phase induction motor of 

conveyer belt by VFD and automate the system by SCADA and PLC. 

The main advantages of controlling speed of the three phase induction motor is 

saving energy and provide smooth starting and stopping. 

Also using a smart phone application through network  provide another advantage 

which can control and remote the entire process by phone instead of pc if it 

necessary. 

5.2 Recommendations 

this project  still has many improvement that can be done such as  

 add more  sensors and protection devise that can provide more ratability, 

safety and accuracy. 

 Implementation of the entire   system  . 

 Controlling the speed  of the induction motor can use in different 

applications 
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APPENDEX A 

ladder program using  RSLogix   

This ladder program programmed by RSLogix program and linked to the PLC by 

RSLinx program . Rang 0 simulation the tank filling process as figure 4.1 blow the 

following 

 Process start by main switch B3:00 15 which is activate the pump 1 B3:00 

14 and valve 1 B3:00 10 to fill 50% of the tank and well stop when the 

liquid reach the set point of  level sensor 2 B3:00 13. 

 When level 2 is activate pump2 B3:00 11 and valve2 B3:00 9 well start to 

fill the left 50% to fill the tank when its full level sensor 1 well activate and 

cut off the signal from pump2 and valve 2.  

  

Figure 4.2 below is a simulation of heater control unit and conveyer belt 

controlling 



 In rage 1 and when the level sensor1B3:00 12  is active the heater B3:00 7  

will activate and heat up the liquid antel the temperatateure sensor B3:00 8 

reach the set point then the heater will stop 

 In the same time that heater is on the conveyor belt B3:00 6 motor signal 

well activate. 

 Motor well stop if the proximity seneros 2 B3:00 3or proximity sensor 4 

B3:00 5 are activate. 

 The signal of the conveyer belt can activate if the timer of the capping  

machine T4:00 DN or photo sensor B3:00  signal is on.   

 

the next figure show the simulation of controlling frequency using variable speed 

derive and capping system which is : 



 When proximity sensor 1 B3:00 2 or proximity3 B3:00 4 are activate the 

speed frequency will slow down according to the signal change in VFD 

frequency 5 B3:00 4 for 5 second inthe delay timer T4:01DN, T4:02 DN  

 When the signal of  proximity sensor 4 B3:00 6 is activate the capping 

machine timerT4:00 TON well start timing for 5 second  

 

figure 4.4 providing extra delay for variable speed derive which is  

 the ultra photo sensor or the capping machine timer  can activate the speed 

control1timerT4:01 TON and stop  when the timer T4:1 DN is active 

 \the capping machine time also can activate the speed control 2 timer T4:02 

TON.  

  



Figure 4.5  is a sub routine file 3 for practical program 

 

the practical program in the feedback from several sensors and protection device  

Figure 4 .11 the practical program 
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VSD DATA SHEET 

 

  





 



 



APPENDEX C 

PLC DATA SHEET 

 



 



 



 



 



Inputs and outputs addresses 

Input N0 Input Adders Output N0 Output Adders 

I/0 Phase Failure  O/2 VFD Terminal 2  

I/1 Level control O/3 VFD Terminal 3 

I/2 Temperature control O/4 VFD Terminal 5 

I/3 Proximity sensor1 O/5 VFD Terminal 6 

I/4 Proximity sensor2   

I/5 Proximity sensor 3   

I/6 Proximity sensor4   

 


