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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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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



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



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:
e Collect data about VSD(variable frequency drive , induction motor .
e Designing the program the PLC to control VSD remotely
e Design the SCADA system and connected with plc .
e connect the pc with smart phone by using any desk application
e connect the hole process to gather and test it .

e Record results.
1.6 Thesis Layout

This thesis consists of five chapters including



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]



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. Raolyear 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,

6



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].



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

Figure2. 1Induction 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:
e Simple and rugged construction
e Low cost and minimum maintenance
e High dependability and sufficiently high proficiency

e Needs no additional starting motor and necessity not be synchronized



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



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
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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

RS

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:

* [/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/0
modules are what provide information to the CPU and trigger specific results. I/0O
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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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

16



feesceoe
— OCR ]
—— 0
- e
] "" ‘i (N
"“.‘. }i' = '1\
‘-"\-u‘*
Sow o~ |
"h <| A N
=

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 '2 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

YENSOr with

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

20



51 UB) 8¢8)

LA X

SSR-04 =
Yeiqwd Lavel oA
ontroller
L0
Sevi Seviye
Kontrol Réesi
L=
@ e
On Ot
1 - e
Neoz
= A B
A B R 1

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.

e Reflective model

Transmitter/Receiver L|gh emitting element

; {5
Heﬂenled I\gh

L|gh [CEIVing
element

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

Transmiter Target Receiver
Al -

0 7 0

( D ——— """"""" ()

' St 4 Sl '

Light emiting inerrupted. Light receiving

e‘emem element

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

Transmitter/Receiver Reflector
Light emitting element Target
e
) e % --------------
— 2 signal light is

Light receiving interrupted.

element

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
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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.

o 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

e volumetric displacement,
e addition of kinetic energy, and

e 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
1S 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 1s only for Allen Bradely PLC
programming[19] Figure 2.20 show the window of the RSLinx

ey S

For Rockwell Automation
Networks and Devices

“ersion 2.59.02 actOf)f":a’k h

=poken e re

This program is protected by U .S, and international
copyright lavwws as described in the about box.

sehvan 2 ALTSIRETNSE

Opening Harmony project ...

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

e view womms oo r
|IDEH|S| BB o
[oFFLINE [#] [MoForces T3]

[Ho Edits [2] [Forces Disabled [#] rd |
Driver: 48_ETH-1 - b 2

RSLogix Micro

Rockwell
fuenBuasier « kocowen sorva AUHomation

Copyright © 2002 Rockwall Automatian, Ine. All Rights Resarved
is pragram (s protected by 1.5, and International copyright faws as described in the about box

For Help, press F1 00000 [APP [REAP-]

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]

Wonderware

InTouch®

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.

4> AnyDesk

Your Address
demo-00@ad :

Remote Address

demo-02@ad

Figure 2. 23 AnyDesk
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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
1s 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

] = PC |
e ] 1 PLC . Q _____ .
+ SENSORS '—: v— !
------------- COUNIT A SCADA |

--------------------------

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
chartl 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

START

Initialize WSD, PLC, pc
and AnyDes

h
PLC activate WsDr
port2 to start the

!

MO

if the portS is off and
| ports is off then
freguency for motor is
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isWSD

port 5
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wes

ifthe port 5 is on and port & is
off then the frequency for the
motor is 30HZE

if the portS is off and
porte is of f then
freguency for motor is
S50HZ

if thie ports is off and
portE is on then

rewverse the motor by
activate VSD port 3 o freguency for motor is
l SOHZE

stop the motor by
activate VsD port 1

b ]

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 1s 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 1/4 ,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/S.

Every (DC com) port in the PLC is wiring to (- 24)dc volt power supply.
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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 pumpl and valve 1 will start to fill the tank by 50%
when the water level reach the set point of the level sensor pumpl and
valvel 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




The figure below for monitoring the processes of the system the indicators, the

safety and alarms

T InTouch - WindowMaker - C:AUSERS\HUSAM\DESKTOP\PRO) = 2 [ =

i Ei e Text Line Special Windows Help |‘\~‘mum

PHASE SEQUENCER ERROR TEMPERATURE TANK FULL INDICATOR MOTOR OVERLOAD
OR EXCEEDING THE
PHASE FALIURE SET POINT.

Figure3 .6 Safety and Alarm Unit

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

@ InTouch - WindowMaker - CAUSERS\HUSAM\DESKTOP\PROJ o |[# =

! File Edit View Amange Text Line Special Windows Help \‘\N,n.,.mm

GRAPHICAL REPRESEN OR. THE PROCESS VARIABLES

REAL TIME TREND FOR

2

LEVEL OF THE TANK TEMPERATURE TOTAL NUMBER OF BOTTLES

HH:MM: SS

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

‘a InTouch - WindowMaker - CAUSERS\HUSAM\DESKTOP\PRO)J

i File

Edit View Amange Tedt Line Special Windows Help

= (& |[=]

| Ao | Runiime

2

VARIABLE SPEED DRIVES UNIT FOR MOTOR CONTROL

I

MOTOR START/STOP MOTOR REVERSE START

SPEED CONTROL UNIT
USING PRESET FREQUENCIES

OFF OFF 10HERTZ

ON OFF 20HERTZ

OFF ON 30HERTZ

ON ON SOHERTZ

Figure 3. 2 Variable speed derive unit for motor control

the figure below is graphic show the motor frequency
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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

Fabinia Assarsawai
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C ortrotling hatisis 0o by VAPt
Scada

Prepered by
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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 positionl

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 pump?2
stop working which the level sensorl send a signal when the tank full to stop the
pump?2 ,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 (portl) 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 ¢ 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

¢ InTouch - Window\Viewer - E\PROJ = e e
file Logic Special Developmel

Figure 4.1 d Automatic system position 4
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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 ¢ 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 casel
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GRAPHICAL REPRESENTATION FOR THE PROCESS VARIABLES |

REAL TIME TREND FOR
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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

4

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
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REAL TIME APPLICATIION

SPEED CONTROL UNIT
USING PRESET FREQUENCIES

m |I| SPEED:-
OFF OFF

10HERTZ

ON OFF 20HERTZ

MOTOR START/STOP MOTOR REVERSE START

ON 30HERTZ

ON 50HERTZ

Figure 4.4. a VSD unit casel
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SPEED CONTROL UNIT
USING PRESET FREQUENCIES

= EI SPEED:-
- OFF OFF
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MOTOR START/STOP MOTOR REVERSE START

ON 30HERTZ

ON S50HERTZ

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

A InTouch - WindowMaker - E\PROJ = |

File Edit View Arange Iext Line Special Windows Help |ihsusal Rumime

.. REAL TIME APPLICATIION . ...

®@ O O

PHASE SEQUENCER ERROR TEMPERATURE [| TANK FULL INDICATOR

OR EXCEEDING THE
PHASE FALIUR| | SET POINT.

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

A InTouch - WindowMaker - E\PROJ (= (=]

File Edit View Arange Text Line Special Windows Help | Nz | Runtime:

PHASE SEQUENCER ERROR TEMPERATURE

OR EXCEEDING THE
PHASE FALIURE | SET POINT.

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

d InTouch - WindowMaker - EAPROYJ = |2 e

File Edit View Amange Tet Line Speciasl Windows Help | \oy | Runtime

PHASE SEQUENCER ERROR TEMPERATURE
OR EXCEEDING THE
PHASE FALIURE : SET POINT.

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

e add more sensors and protection devise that can provide more ratability,
safety and accuracy.

e Implementation of the entire system .

e 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

e 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.

e 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.

SIMULATION PROCESS . =
FOR FILLING THE TANK THROUGH 2 DIFFERENT PUMPS (RUNG-0) —
MAIN SWITCH LEVEL SENSOR._2 PUMP_1
B30 B30 B30
0000 1 F - o
15 13 14
VALVE,_1
B30
10
LEVEL SENSOR._2 LEVEL SENSOR_1 PUMP_2
B30 B30 B30
J E 3£ C2
13 12 11
VALVE_2
B30
9
HEATER CONTROL UNIT(RUNG-1) hd
[ ¥4 MaIN_PROG f o] | [
ZarHeln nrace Fl 20000 app

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

controlling



e 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

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

well activate.

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

B3:00 5 are activate.

e 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.

A 4 LAD2 - MAIN_PROG Ei=Ed
ot [sTE]®) FEXTER CONTROL INITRING-) E
=4 Controler »
- Conroler rap TEMPERATURE SET
% Processor il MAINSWITCH ~ LEVELSENSOR 1  POINT HFATER
&3 Funclion Fes EIHI]' EI}:UF 3%33”“ E}BZU 8
o confgurion oot Jl s J1 ’L dg/E \7
[]‘--P)E Channel Config| _ . -
30 %”W e CONTROLLING THE CONVEYER BELT RUNG2)
B siso.
Bt CONETER.
@ LAD2- NAW | MAIN SWITCH LEVEL SENSOR 1 PROXIMITY 2 PROXIMITY 4 BELT
b@’ LAD 3-PRACTL liliill]_ giiﬂr 1%310 %3/9, B/BQ
- uosscy | (002 1t 5t +E 2
- L5 5 1 3 ) §
§ s CONVEVER,
g - BELT
b B
- 103 ]
§ v §
- uon-
b@ LAD 12~ ULTRASONIC SENSOR
§ o i
- LD A
fuos. :
! ] SIGNAL FROM CAPPING
TIMER
40
1
1L
N -
ML Gy 4| ID Soft Screen Recorder % X } iN

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

derive and capping system which is :



e 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

e 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

e 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

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

TON.

Rsran (o [@]E=]
antroler

E

&3 Program il

=) % LAD 2 == MAIN_PROG ==
s (o @z =
-] Controller - FREQUENCY CONTROL USING VARIABLE SPEED DRIVES (RUNG-3)
i controler Prop:
FOR SPEED CONTROL FOR SPEED CONTROL- VSD(5)SPEED CONTROL
MAIN SWITCH PROXIMITY_1 DELAY_1 DELAY 2 FREQUENCY
B30 B30 T41 T42 B30
G ST S
= 15 i DN DN 4 |
=-{I Program Files
B svso- PROXIMITY 3
B svs1- B3O
¥ LAD Z - MAIN_I
f LAD 3 - PRACTI 1
ey VSD(5)SPEED CONTROL
 us e
B30
oT ==
LaD & 4
LaD 9
LaD 10 CAPPING SYSTEM (RUNG 4&3).
? LAD 11 TIMING FOR CAPPING
CADTS MAIN SWITCH PROXIMITY_4 MACHINE
s B3:0 B30 ——TON
) 0004 1 F J E Timer On Delay —CENT——
15 5 Timer T40
i LAD 1S 4 Time Base 1.0 DN —
4 i * Preset 5<
Accum o<
| 4> % MAIN_PROG £ PRACTICAL /. ol | »

% LAD 2 -- MAIN_PROG & E R
TIMING FOR CAPPING B
MAIN SWITCH MACHINE CAPPING MACHINE
B30 T40 B3l
0005 3 E e
15 TT 1
PROVIDING EXTRA DELAY FOR VARTABLE FREQUENCY (RUNG 6 & 7)
FOR SPEED CONTROL
MAIN SWITCH ULTRASONIC SENSOR DELAY_1 FOR SPEED CONTROL 1
B30 B3l T4:1 ——ToN
0006 ] E J E Timer On Delay —CEND—
15 ) DN Timer T41
Time Base 1.0 —<DN3—
TIMING FOR CAPPING Preset 5< B
MACHINE Accum o<
T40
—
EN
SIGNAL FROM CAPPING
MAIN SWITCH TIMER FOR SPEED CONTROL 2
B30 T40 ——TON
0007 JE JE Timer On Delay BN
15 DN Timer T42
Time Base 1.0 —C(DN>—
Preset 5<
Accum 0<

[ 4] ¥ I\mAIM_PROG £ PRACTICAL /.

Nl |




Figure 4.5 is a sub routine file 3 for practical program

THE SUBROUTINME FILE 3 FOR PRACTICAL DEMONSTRATION

JSR
0oog Jump To Subroutine
SBR File Number U3

0oog  END —|

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

Figure 4 .11 the practical program
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APPENEX B
VSD DATA SHEET

InstallationWiring 1-13

I/O Wiring Recommendations
Important points to remember about 'O wiring:

Always use copper wire.
Wire with an insulation rating of 600% or greater is recommended.

Control and signal wires should be separated from power wires by at
least 0.3 meters (1 foot).

Important: VO terminals labeled “Common™ are not referenced to the
safety ground (PE) terminal and are designed to greatly
reduce common mode interference.

ATTENTION: Driving the 4-20mA analog input from a voltage
source could cause component damage. Verify proper configuration
prior to applying inpul signals.

Control Wire Types

Table 1.G Recommended Control and Signal Wire!"!

Wire Type(s) Description Minimum
Insulation Rating

Belden 8760/2460 0.8 mm?(18 AWG), twisted pair, 100% 300w

{or equiv.) shield with drain. 60 degrees C

Beiden 8770 0.8 mm2(18 AWG), 3 conductor, shielded for | (140 degrees F)

{or equiv.) remofie pot only.

(% If the wires are short and contained within a cabinet which has no sensitive circuis,
the use of shielded wire may not be necessary, but is always recommended.

/O Terminal Block

Table 1.H IO Terminal Block Specifications
Maximum Wire Size ‘" Minimum Wire Size () Torque
1.3 mm? (16 AWG) 0.2 mm? (24 AWG) 0.5-0.8 N-m (4.4-7 Ib-in.)

" Maximum/minimum sizes that the terminal block will accept - thess are not
recommendations.

Maximum Control Wire Recommendations

Do not exceed control wiring length of 30 meters (100 feet). Control
signal cable length is highly dependent on electrical environment and
installation practices. To improve noise immunity, the IO terminal
block Common must be connected to ground terminal/protective earth.
If using the RS485 (DSI) port, VO Terminal 16 should also be connected
to ground terminal/protective earth.

PowarFlox 4M Adjustablo Fraquancy Drive FAN fax - 2o Usar Manual
e S ML




1-14 Installation/Wiring

Figure 1.5 Control Wiring Block Diagram
n Important: 1'0 Terminal 0 is always a coast 1o stop ingut except

when P106 [Start Source] is set to “3-Wire™ control. In thres wire F1l6 0 Termingt &
control, U0 Tarminal 01 is controfied by PA07 [Stop Moda]. All other [“:‘1::“” . I . |
siop sources are controBiad by PA0T [Siop Moda]. o e e
Important: The drive is shipped with a umper installed batwoen 1'D 2Wire Per PIOT Comst
Terminaks 01 and 11. Remove this jumper whan wsing 10 Tarminal RAZ485 Fort Per POT Coast
(1 a= a stop or enable input.
2) Twa wira conirol shown. For thrae wire control use a momantary ToC [ it [ e
input - on |0 Tarménal 02 fo command a stari. Use & Remete| 308 | 3ma | 2mn
meaintamead ingut o~ for 0 Terminal 03 to change direction. s | OEA | 05a | OBA
cal
— ) SAlWiing SNEWaing
—-or |52
5. i "o | Stert'Aun FWD o oo
H Direction/Run REV P e o
SNK BAC o | Diggitel Common
o5 | Cimitel Ingat 1 P -
e | Digited Inguut 2 -
Potentiomster [ — oo
must ba 20— v Dc
1-40k ohm —
2 Wit Min. : e ¥ DG -
: 39 | H0Vin L
Relay K.O. T ! ﬁ ? Analiog Common g
Relzy Comman i 1 420mARn ¥
Rz | T | T
Riglay N.C AL T ? Ri54B5 Shield
o | K
SNK I —‘l
o H5dES 37
e v s | ™ | [
0 0P 03 o4 05 08 B1
* 7
A1 R? H3
. — M.E (]D
O0O
(1)
Mo. | Signal Default Description Param.
A1 | Hefay N.O. Fauit Mormally apan contact for output relay. [N
R2 |RAdlay Common - Common for owput relay.
A3 | Heay N.C. Faut Normally cleesad contact for cutput ralsy ik}
Sink/Source DIP Switch Source (SR Inpuis can be wirad as Sink (SNK) or Sourca (SRC) via DIP Swich
: sedting.

(1) The factory instalied jumper of & nunna]h.l dlosad inpust o (1)
N Coast sxt"'»au|:-n;|5=arnﬁ:urn‘f'uacl:lEl Eilg
02 | StadBum FWD Mot Active 6, Bz

. Cammand cames from e ntegral xeypaunydamsﬂu-ﬁ}fﬁ‘;m:
03 |Direction/Run REV | Nat Active disable reverse oparation, sae A0S5 [Reverse Disabia] ﬁ-‘-‘h

- For digital inputs. Electronically isolated with digital inputs
04 | Digital Common - from analog 10,
05 | Digital Input 1 Presat Freg Program with t204 [Digital Ini Sal]. 2ol
06 | Digital input 2 Presat Freq Program with t202 [Digital In2 Sai]. il
11 |soey e L Diriva suppiied power ior digital inputs.

Maximum cutput cument is 100mA.




Installation/Wiring 1-15
Mo, |Signal Default Description Param.
@ oo el
1 |otovin® Nat Active Eﬁ?ﬁﬁﬁg{i?mﬁﬁ?ﬂr pabandomatar wiper. e
1 |analog Common |- g?é]%g] ?%&umﬂumgmnmlly isolated with
15 |+20main Not Acfive Eﬁﬁfﬁﬂgﬁmﬁﬁﬁw Pi0g
16 |RS43s (DSI) Shield |- o i B P (o o e et

fima, an undetarminad frequancy referance will resui

Oiniy ona analog fraquency source may ba connected af & tima. If more than ona reforence is connected at the sama

IO Wiring Examples
Input Connection Example
Potentiometer P108 [Speed Reference] = 2 “0-10V Input”
1-10k Ohm Pot.
Recommended . 3]
(2 Watt minimum) . :;(:l —— :
M T4
L2
= L2
Analog Input Voltage Current
Oto +10V, 100k ahm P10 [Speed Reference] = 20-10V | P108 [Speed Reference] = 3
impedance Input® “4-20mA Input”
4-20 mA, 100 ohm
impedance [3] 2]
2]
e 13 2 e
Common ———tillgy Comman —iSmrtr )
S + L 15 HD)
o 2]

Analog Input, PTC
For Drive Fault

Wire the PTC and External Resistor {typically matched fo the PTC Hot
Resistance) to O Terminals 12, 13, 14.

Wire R2/R3 Relay Oufput (SRC) to /0 Terminals & & 11.
1201 [Digital In1 Sef] = 3 “Aux Faul™

1221 [Aelay Out Sell =10 “Above Anlg V*

1222 [Relay Out Level] =% Voltage Trip

G G

11

13
14

EEY T T T

ApTE hat)

- 100
L —

Powerflex 4M Adjusiable Frequency Drive FEN 1o - 2o User Manual

Dhibliradives 10 1 IAANAE, Chl C



1-16 Installation/Wiring

Input Connection Example

2 Wire SRC Control - Internal Supply (SRC) External Supply (SRC)
Non-Reversing

P106 [Start Source] =2, 3 1 o
ord ]

i y (2]
Input must be active for Stog-Fun

the drive to run. When
input is opened, the drive

i
q
|a0@@g.
B2
=

will stop as speacified by +24V  Comeman

P107 [Stop Mode].

If desired, a User Supplied T

24V DC power Source can Each digiftal input draws & mA.

be used. Refer o the
“Exiernal Supply (SAC)

example.
2 Wire SNK Control - Infernal Supply [SNK)
Non-Reversing
oo 02
Saop-Aun

) 04

&

L
2 Wire SRC Control - Intermal Supply (SRC) External Supply (SAC)
Fun FWD/Run REV

106 [Start Source] =2, 3
or 4

Input must be active for
the drive to run. When
input is opened, the drive
will stop as specified by
EA07 [Stop Mode]. " S Comman
If both Run Forward and
Aun Reverse inputs are
closed at the same time,
an undetermined sfate

L

Each digital input draws & mA.

could occur.
2 Wire SNK Control - Internal Supply [SNK)
Run FWD/Run REV
] s
— S 02
Saop-HAul na
Forward {1
o (9l |
T |®
&




Embedded 'O

APPENDEX C

PLC DATA SHEET

I/0 Configuration

Thiz z=ction disenszes the vanious aspects of Inpur and Chaspuat featmres of
:h:l-ﬂ.ﬂnl.ﬂgi.ti]mmnu'nlhr Each controller comes math a cermin
amyonut of ammbedded I/ E'v.'hl.-r_'hl.sthqu located on the controlls=r
The controller alzo allows for adding e=pansion I,/

Thas secton dizcusses dhe E::l-L'Il:rl:'ang I/ Fonetioms:

* Embedded I/0 on page 15

# hicrologs 1300 E.qa.n:.i-nnl-"':l on paze 17

® Liorol ogix 1100 E.q:la.n:.jnnL’G Afermory Mapping on page 17
« I/ Addreszing on paze 25§

# I/ 0 Forcing on page Z7

# Inpus Filtering oo page 27

* Larchine Tnputs on pase 50

The= !.d'.lnru]'_-ngm 1.1IIIL"P.n:|-'r.i.n:'|.e- dizorase IO amd a.nal-ng.l.ni:rm that iz baailt
into the conmoller as Doted in the .En]].u-win.gmh{e. Theze IO P-D\.i.n.l::- ar=
p=ferped to a3 Embedded I,/0.

Controdler Family Inpus Qutpis
Quantity | Type Quantity  |Type
MiCToLogs: 1100 |1763-1IGEWE [0 MV 3 Tl
Controliers ascis
: 1oV o
analog
TTE3 L1GAWA [0 FIED: B iy
7 TRTTR
analog
1763 11GBEE [0 I 7 Telzy
7 1oV o
anakg 7 T4V oc FET
7 high: speed
340 = FET
176311600 |10 TN |6 Elmy
: -1V o
analog

Publicztion 17EI-EMO0ID-ERF - Saptember 711



Analog L0 Configuration

1'.I:-=£:|'_'I-:-'.'.-.|.|:|.g hile thoms the da Eamees for O o 105 de and 4 to 20

Mk,

¥alid InputDutput Data Word FormetsRanges

Normal Dpersiing Range |Full Scale Range [Raw Proporional Dala | Scales-mr-PiD
T T 2,760 16,380

DUV 0 0
10 mA TIOmA 2, 760 16,300

O mA 120 16500

A0mA 20 T

D0 mA D D

1 7824F20F2 input Daie File

For each i:l.Fl'J: module, slor =, wornds § and 1 coniain dthe a.l:l.alu:lg wahaes of
-i'l.ej:l.p'r_". The modnls can be nnc-n%ured. o ass ﬂﬂ'_nrm'.'-'P.l:-:-P-:-ni-:-.r_al
dam or sealed-for-PID data. The :_r__l:-ut daia fil= for sach Ennigum:i.u:l. is

shomn baloar

Raw/Proportional Format

= [EiPosHio
£ ™ 13 13 [iL [l |'||.| i |E |I |.- |!- |4 |.'| Fd 1 1}
4 |0 |Crennel D Data 0o s, b | 1]

1 1} [ ) L] QI L u U U
i IBSEWEd

4 | MEEEVEd

L TEEEWE ||| |:|.|
O L L L

Ecaled-for-PID Format

= |EMPIEIEn
EMMEEMWEFERFETFEFEREDFTP
T[T |7 [Chanhert D e Te L
[T (7 [Chenmne T e 0 e 15,20 T
£ |resEned

4 |remEned

T [t ElEL
O L L O

Th= bits are defined 3y follows:

# Sz = General stanys bois for channels 0 and . Thes bt is set when an
exror (orer- of under-range’) exizes for that chanmel, or there i3 2
genaral moduls hardeare ecoor.
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Controller Memory File Structure

!.:I'.lnr-:l-]'.-ngl.t 1100 asec memory i I:'DEDP.I:i.':I:d of Dama Files, Fanction Files,

a.n.d.'f"mgnm Files.

TP The: Nl types shown bekow for data Nies 3 through B are the defaut Mz bypes for hose Ml numbers and cannot be
changed. Data flkes 9 through 755 C3n be added in your program i operate 2 bit, times, counler, o other Thes
shown below

Data Flles RINCHon Fles Program Ales speciaity Flles
0 Dutput Fe WSC  |High Speed Cowter |0 Gystem Flie 0 Nats Log Quews
1 Inpurt Hie PO Pul=e Train Quiput 1 Sy=tem iz ] [ata Log Oueus |
2 shahus Flie Pt | Pulse S§i0th F3 Frogram Hie 2 & I #b | Data Liog Oueuss 2 1o
Fdodulation hh
] Bt Flie ] SEECI0E TImed 3 10 75 | Frogram FIes 110 255 |0 ecpe FiE 0
Inerupt
7 Timer i | Event inpul INIETIpT ' Recipe Fie |
17 Counter Hie ATC Red Time Ciock 7 o #ib |Recipe Fles 7 to 756
B Contrl Az
i Imizger Hig [ A Ffemony Fodule
Imormztion
! Hozting Foint Hiz
0o 28k |(EBA HH Bass Hardwarne
Imlormation
(T Thmer R Communicatons Sams
[C} Counisr 10E |10 Siats
. I [ata Log Stahs
(Fy Comtrol T [
[M] Integer Es Ethemet Siaius
(F} Fioating Point
[ST] String
ILhLong 'f¥ond
MG Meszage
|FDyAD
IR EIF'IIJ;'.]I'I'ITI-I'E'
Limit Switich
[l Routing Information
|RL¥] Extended RouvEng
Imormation §05 Series
E FilN 4 or lzteri
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2 The amount of Mewery Uksd and Meavary Leftoill appear in the

Bl . 17E2 Hicrologix 1100 Series &
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Protecting Data Files  Data File Download Protection

During Download
Gnneau::rp:-:gnmisin.'rhc controllar, thers u:.:r:.'b-c a.n.::dtnui:ldat:
the ladder logie and dosmload 1t to the controller withont destroving
user-confipared ariables in one or more data Ble: in the conmoller This
simation can oocur when an application needs to be updated, but the data
that iz raletant to the meallafon needs to remodn Dvtaet.

Thas capabiliey is referred to as Dy Fik Deawlasd Protecon. The
Fmtenﬁ-:l-nfzal:ure Dperates wrhan

# AT Tnar PII:IEIJ.I:lljs dnwn]nadad'rjll:l:ug;mnming sofroars
# A Tlnar ngl:.u:l.js dommloadad El:-:ma.h.{en:.-:lr_vrll.-!-:d:lﬂu

Setting Download Fil e Frodection
Diowaoload Fil= Protectdon can be a.PPli.e-:l o the E-:-IJn-:n.ng data Ble Fpes

* Outpat (O]

* Hinary (E)

% Timer (T)

* Counter (C)

# Conal (B)

* Integer (M)

# Floating Foint (F)

* Stsing (ST)

* Long Word (L)

# Proportional Intesral Dermacoe (FL)
 Mezsage (MG

% Progranumable Limit Switch (FLE)|

% Routing Infoomaton (BT

# Extended Bonting Information (BT

TIp Thie data In e Status Fle camnaol be potecied
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Inputs and outputs addresses

Input No | Input Adders Output NO Output Adders
1/0 Phase Failure 072 VFD Terminal 2
I/1 Level control O/3 VFD Terminal 3
12 Temperature control | O/4 VFD Terminal 5
I/3 Proximity sensorl O/5 VFD Terminal 6
/4 Proximity sensor2

I/5 Proximity sensor 3

I/6 Proximity sensor4




