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Abstract

In this work, we will simulate and study the remote control of an asynchronous motor using a
frequency converter based on an Ethernet bus network. Our goal is to efficiently manage motor
start/stop; with controlling direction and speed. The programmable logic controller (PLC) is
emulated through TIA Portal software on a host PC, while control signals are received from a
LabVIEW virtual instrument (V1) on the main PC. Transmission is supported by NI OPC Servers
software.

Keywords: Industrial automation, TIA Portal software, asynchronous motor, LabVIEW software,
NI OPC Servers Software.

Résumée

Dans ce travail, nous allons simuler et étudier le contrdle a distance d'un moteur asynchrone a
I'aide d'un convertisseur de fréquence en se basant sur un réseau en bus Ethernet. Notre objectif
est de gerer efficacement le démarrage/l'arrét, avec controle de la direction et de la vitesse. Le
contréleur logique programmable (PLC) est émulé via le logiciel TIA Portal sur un PC héte, tandis
que les signaux de commande sont regus d'un instrument virtuel LabVIEW (V1) sur le PC
principal. La transmission est assistée par le logiciel NI OPC Servers.

Mots-clés : Automatisme industriel, logiciel TIA Portal, moteur asynchrone, logiciel LabVIEW,
logiciel NI OPC Servers.



TABLE OF CONTENTS

INTRODUCTION
CHAPTER 1
State of The Art
I.1 Introduction
1.2 Overview of Industrial Automation

L3

1.4

[.2.1
[.2.2
123
1.2.4

Definition of industrial automation
Components of an automated system
Overview of industrial control systems

Types of Automation (Fixed and Flexible Automation)

Synoptics in Industrial Automation

[.3.1 Definition of Synoptic in Industrial Automation
1.3.2 Importance of Synoptics in Industrial Automation
1.3.3 Types of Synoptic and their uses
1.3.4 Examples of Synoptic Displays in Industrial Automation
PID Control
[.4.1 Definition of PID control
[.4.2 Importance of PID Control in Industrial Automation
[.4.3 Components of a PID controller
1.4.4 Types of PID Controller
1.4.4.1 Propotional Action Controller (P)
1.4.4.2 Propotional Integral (PI) Controller
1443 Proportional Derivatives Controller (PD)
1.4.44 Propotional-Integral-Derivative PID Controller
1.4.5 PID Controller Structures

© 0 0 ~N ~N =9 o »n ~ B~ b

L e e T S Y o S T S
N N o A WOOWwW N P O O



L5

[.4.5.1 Parallel Structure

1452 Serial Structure

[.4.5.3 Mixed Structure
1.4.6 The use of PID control in industrial automation
Hardware

I.5.1 Asynchronous Machine

[.5.2 Asynchronous Motor

[.5.2.1
[.5.2.2
1.5.2.3
1524
1.5.2.5
[.5.2.6
1.5.2.7
[.5.2.8
1.5.2.9

Definition

Constitution of the asynchronous motor
Mechanical components

Operating principle of an asynchronous motor
Mechanical characteristics of asynchronous motors
Winding and connection of an asynchronous motor
Power Balance and Formulas

Speed control of an asynchronous motor

Advantages and Disadvantages of an Asynchronous Motor

1.5.3 Variable Frequency Drive

[.5.3.1
[.5.3.2
1.5.3.3
[.53.4
[.5.3.5
[.5.3.6
1.5.3.7
[.5.3.8

Definition of a Variable Frequency Drive
Constitution of a Variable Speed Drive
The Control Circuit

U/f control (Scalar)

The advantages of U/f control

The disadvantages of U/f control

Vector control of voltage (or flux)

Advantages of VVC control

[.5.4 Industrial Programmable Automation (API)

[.5.4.1
[.5.4.2
1.5.4.3

Automated System Functionalities
The automaton's architecture

Cyclic operation of APIs

18
18
19
20
21
21
21
21
21
23
24
25
26
28
31
32
33
33
33
34
34
35
35
35
36
36
36
36
37



I.6

II.1
I1.2

I1.3

1.4

1.5.44 Automate API S7-300

1.5.4.5 Characteristics of the S7 300 Programmable Logic Controller

1.5.4.6 Components of an S7-300

Conclusion

CHAPTER 11

Industrial automation software

Introduction

Software Programs

I1.2.1
I1.2.2

Importance of Software Programs

Main Software Programs used in industrial automation

Tia Portal (Totally Integrated Automation Portal)

I1.3.1 Software Description
I1.3.1.1  Simatic Step 7
I1.3.1.2  Simatic WinCC
11.3.2 Views of Tia Portal
11.3.3 Tia Portal Project View
11.3.4 Addressing of I/O’s
I1.3.5 API variables
I1.3.6 API variable table
11.3.7 The Using of Tia Portal with the API S7-300
I1.3.8 The Advantages of Tia Portal Software
LabVIEW
I1.4.1 Software Description
11.4.2 Understanding Virtual Instruments (VI)
11.4.3 Origins of LabVIEW
11.4.4 The concept of a virtual instrument
I1.4.5 Getting Started
I1.4.6 LabVIEW Environment

37
38
39
41

41

43
43
43
44
45
45
45
46
46
47
48
48
48
49
53
54
54
55
55
56
56
57



IL.5

I1.6

II.1
1.2

11.4.7
11.4.8
11.4.9
11.4.10

I1.4.6.1  Front Panel

I1.4.6.2  Block Diagram

11.4.6.3  Tools

I1.4.6.4  The Context Help Window

I1.4.6.5  Data types used in LabVIEW

The Advantages of LabVIEW

Integration of LabView with the API S7-300

Examples of Industrial Automation Applications Using LabVIEW

Integration of LabVIEW with Tia Portal

NI OPC Server

11.5.1 Description
11.5.2 The Advantages of NI OPC Server
11.5.3 Integration of NI OPC Server with API S7-300
11.5.4 Integration of NI OPC Server with LabVIEW

I1.5.4.1 NI OPC Server

11.5.4.2 NIOPC in LabVIEW

I1.5.4.3 NI OPC and LabVIEW Simultaneously
IL.5.5 Integration of NI OPC Server with Tia Portal
IL.5.6 Net to PLC Sim configuration
11.5.7 WIFI
Conclusion

CHAPTER 111
Simulation and Results Discussions

Introduction
Programming
I.2.1 Specifications
II.2.2  Tia Portal

IlI.2.2.1  Program Creation

58
58
59
61
61
61
62
63
64
65
65
65
66
67
68
70
73
73
74
76
77

78

79
79
79
79
80



[I.2.2.2  Program in Contact language
II.2.3  LabVIEW program
II.2.3.1  Wiring and bound contact
III.3  Program Simulation
II.3.1  TIA Portal
II.3.2  Netto PLC Sim
1.3.3 NI OPC Servers
II.3.4  LabVIEW
IlI.4 Results
II.5 Conclusion

CONCLUSION

Bibiograph

80
82
82
83
83
85
86
87
88
04
96

98



LIST OF FIGURES

Figure I-1
Figure 1-2
Figure 1-3
Figure 1-4
Figure I-5
Figure 1-6
Figure 1-7
Figure 1-8
Figure 1-9
Figure 1-10
Figure I-11
Figure 1-12
Figure 1-13
Figure 1-14
Figure 1-15
Figure 1-16
Figure 1-17
Figure 1-18
Figure 1-19
Figure 1-20
Figure 1-21

State of the art

Industrial Automation

Les systéemes automatisés Components of industrial automation system

Industrial control systems on the rise VPN overview

Types of automation

Synoptic screen of the SCADA package

PID Controller

Chapter I:

PID controller components

Block Diagram of P controller

Electronic Diagram of P controller

P1 controller Block Diagram

P1 Controller index response

Electronic Diagram of Pl Controller

PD controller Block Diagram

Index response of PD controller

Electronic Diagram of PD Controller

Parallel Structure Controller

serial structure controller

Mixed Structure Controller

2" Mixed Structure Controller

PID controller, control valves

PID controller performing automatic control of system

~N OO o o

11
13
14
14
15
15
15
16
16
17
18
18
19
19
20
21

Vi



Figure 1-22
Figure 1-23
Figure 1-24
Figure 1-25
Figure 1-26
Figure 1-27
Figure 1-28
Figure 1-29
Figure 1-30
Figure 1-31
Figure 1-32
Figure 1-33
Figure 1-34
Figure 1-35
Figure 1-36
Figure 1-37
Figure 1-38
Figure 1-39

Figure I1-1
Figure 11-2
Figure 11-3
Figure 11-4
Figure 11-5
Figure 11-6
Figure 11-7

Stator

Rotor

Operation of a motor

Operating quadrants

The connection of the terminals to the coils
Star configuration

Triangle configuration

Star-triangle Connection Diagram

Power balance of the asynchronous motor
Variable speed drive (ATV12h018m2)
VFD Wiring Diagram (ATV12H018M2) [11]
constant torque operation

Cycle for an API

Programmable Logic Control S7-300
Components of an S7-300

Power supply of the S7 300 PLC

CPU connection

Address bus

Chapter 11

Industrial automation Software

Illustration of the construction of Tia portal
Tia Portal Views

Portal View

Project View

Addressing 1/0s

Create a Project

Configure device

22
22
24
25
26
27
27
28
28
33
34
35
37
38
39
39
40
41

45
46
46
47
48
49
50

VI



Figure 11-8

Figure 11-9

Figure 11-10
Figure 11-11
Figure 11-12
Figure 11-13
Figure 11-14
Figure 11-15
Figure 11-16
Figure 11-17
Figure 11-18
Figure 11-19
Figure 11-20
Figure 11-21
Figure 11-22
Figure 11-23
Figure 11-24
Figure 11-25
Figure 11-26
Figure 11-27
Figure 11-28
Figure 11-29
Figure 11-30
Figure 11-31
Figure 11-32
Figure 11-33
Figure 11-34
Figure 11-35
Figure 11-36
Figure 11-37

1% Step to configure device

3" Step to configure device

4™ Step to configure device

5t Step to configure device

Tia Portal Interface

LabVIEW

Virtual Instrument

Startup Screen of LabVIEW

LabVIEW Parts

Front Panel

Block Diagram

Front Panel, Block Diagram Toolbars
Control Palette

Help Window

Data Types

LabVIEW with API S7-300 via Ethernet (TCP)
Industrial 10T Solution using LabVIEW
NI OPC Server

NI OPC Server with APl S7-300

2 Applications LabVIEW with NI OPC Server
Open NI OPC Server

NI OPC Server Configuration [27]

NI OPC Server Create New Tag [27]

NI OPC in LabVIEW [27]

NI OPC write in LabVIEW [27]
Writing in NI OPC server [27]

Connect to NI OPC server [27]

NI OPC read in LabVIEW

Read from NI OPC [27]

Read from NI OPC

50
51
51
52
53
55
56
57
57
58
59
59
60
61
61
63
64
65
67
68
68
69
69
70
70
71
71
72
72
72

Vil



Figure 11-38
Figure 11-39
Figure 11-40
Figure 11-41
Figure 11-42
Figure 111-1
Figure 111-2
Figure 111-3
Figure 111-4
Figure 111-5
Figure 111-6
Figure 111-7
Figure 111-8
Figure 111-9
Figure 111-10
Figure 111-11
Figure 111-12
Figure 111-13
Figure 111-14
Figure 111-15
Figure 111-16
Figure 111-17
Figure 111-18
Figure 111-19
Figure 111-20

Reading and writing from NI OPC and LabVIEW in the same time
Running write client and read client simultaneously [27]

Getting Port 102

inserting the network and Plc sim addresses

obtaining the IPv4 Address

Chapter II1

Simulation and Results Discussions

Network 1

Network 2

Network 3

Network 4

Network 5

The Input Section

The Output Section

Tia portal simulation bar

Program loading

Downloading to device

Starting the simulation and monitoring
Starting the PLC SIM

Configuration of Net to PLC Sim
Launching the NI OPC Servers Quick Client
NI OPC Quick Client

LabVIEW simulation bar

Launching the LabVIEW

Actual network configuration

First action

First action: count update

73
73
75
75
76

80
81
81
81
81
82
83
83
84
84
85
85
86
86
87
87
87
88
89
89



Figure 111-21  Second action 89
Figure 111-22  Second action: update count 90
Figure 111-23  Move function in the second action 90
Figure 111-24  Unscale function in the second action 90
Figure 111-25  Third action 91
Figure 111-26  Network 3 91
Figure 111-27  Third action update count 91
Figure 111-28  Forth action 92
Figure 111-29  Network 1 92
Figure 111-30  Quick Client Update Count 92
Figure I11-31  Fifth action 93
Figure 111-32  Network 2 93
Figure 111-33  Quick client update count 93
Figure 111-34  Sixth action 94
Figure 111-35  Quick client update count 94
LIST OF TALBES
Chapter |
Table I-1 Number of poles and synchronous speed 26
Table I-2 Technical Specifications of S7 300 CPU 313 38
Table I-3 Inputs/outputs and address 40
Chapter 111
Table 111-1 variable table 80



ABBREVIATIONS, ACRONYMS, AND
INITIALISMS

PLC Programmable Logic Controllers

TIA PORTAL Totally Integrated Automation Portal

VI Virtual Instrument

NI OPC National instruments ,OLE for Process Control
PC Personal computer

PID Proportional-Integral-Derivative

API Application Programming Interface

VCC Voltage Common Collector

1/0s Inputs / Outputs

VFD Variable Frequency Drive

CPU Central Processing Unit

HMI Human-machine interface

SCADA Supervisory Control and Data Acquisition
DCS Distributed Control System

ICS industrial control systems

CNC computer numerical control

10T Internet of things

TCP Transmission Control Protocol

Xl



Used NoTtaTions

Ps
Ptr

Pu

Pem

Rpm

integral constant gain
proportional constant gain
dirivation constant gain
error signal

controller control

in proportional

out proportional

torque

gain

controller transfer function
T in u equation
synchronous speed rpm
error

motor speed rotation speed rpm
Redendance

integral action

deritive action

alpha

Voltage

Current

consumed power

rotor transmitted power
pi constant

out put power

electro magnitic power
apparent power

speed

Round Per Minute

gravity

Xl



Introduction



Introduction

PLCs have become a crucial part of industrial automation due to their versatility and
flexibility. With their ability to store and execute complex instructions, PLCs can control a wide
range of devices and processes, making them indispensable in modern manufacturing and
industrial processes. PLCs have several benefits over traditional electrical controls. They allow
for easier programming and maintenance, offer faster and more accurate monitoring and
control, and can reduce the amount of physical wiring required, thus saving space and reducing
installation costs. Furthermore, PLCs can be customized to suit specific applications, making
them ideal for a wide range of industries. They can be programmed to perform complex
operations such as motion control, process control, and data acquisition, and can communicate
with other devices and systems in real-time. Also, the PLCs can simulate and optimize system
functionality before deployment, resulting in reduced downtime and improved production
efficiency.[1]

PLC project stands for Programmable Logic Controller project. PLC is an industrial
computer control system that continuously monitors the state of input devices and makes
decisions based on custom programs to control the state of output devices. In the context of
industrial automation, a PLC project is often used to control, monitor and automate complex
industrial processes and machinery. In this particular scenario, the PLC project is being used to
establish seamless communication between two PCs using the TIA portal and LabVIEW. TIA
Portal is a software package used for programming and configuring Siemens automation
systems, including PLCs. LabVIEW, on the other hand, is a graphical programming
environment used to develop measurement and automation applications. The combination of
these two powerful software tools allows for the development of sophisticated industrial control
and automation solutions. NI OPC servers, on the other hand, are software applications that
enable communication between different software systems and hardware devices in an
industrial automation environment. By integrating NI OPC servers into the overall solution, it
becomes possible to establish seamless communication and data exchange between the PLC
system, TIA portal, and LabVIEW applications, enabling efficient control, monitoring, and
automation of industrial processes.

One of the challenges faced by designers in the field is maintaining a strong connecting
link between software and hardware components. This is essential to ensure that the production
process runs smoothly and seamlessly with no interruptions or downtime. Our objective in this
work is to ensure the communication of the different components and automation devices and
to ensure that they are compatible with each other.

To provide in-depth coverage and analysis of the topic, we will lay out three separate
chapters. The first chapter will examine the state of the art in industrial automation systems. It
will cover a variety of topics, including a general overview of industrial automation, the
significance of synoptics, and PID control. Without omitting the hardware section, which will
include the asynchronous machine, variable frequency drive, and industrial programmable
automation (PLC), in particular, the S7-300 PLC. Our goal will be to provide a thorough grasp
of the most recent advancements in automation, emphasizing their impact on production,
efficiency, and control systems.

For the second chapter, we will conduct extensive study on the industrial automation
softwares used in our case. Namely the TIA portal, and the LabVIEW. We will also explore the
crucial role of NI OPC servers in connecting and synchronizing these software programs,

1|Page



Introduction

enabling reliable and optimized data transmission. This research aims to explore the importance
of those softwares in improving the efficiency and productivity of industrial processes.

The third chapter will deal with the simulation and the analysis of the results. First, we
will start with the programming of the different software, with an emphasis on the development
and implementation of the code. Second, we will exploit simulation techniques to demonstrate
how virtual environments replicate real-world scenarios. Finally, we will discuss the results
obtained, and we will analyse and interpret the data generated by the simulation process.

We shall conclude our work with a broad conclusion.
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Chapter I State of the Art

I.1-Introduction

This chapter entitled « State of The Art », presents a general overview of industrial automation,
including its importance, key components, industrial control systems, and the different types of
automation fixed and flexible automation. On the other hand, we also introduce synoptic, their
importance in industrial automation, and the use of PID control in industrial processes.
Furthermore, this chapter delves into the concept of PID control, its definition, its importance
in industrial automation, and the components of a PID controller and its use in the industry.
Additionally, we presented the hardware components of industrial automation such as the
asynchronous machine, asynchronous motor and their equations and diagrams. We also

discussed the speed variator, industrial programmable automation and the APT S7-300.
[.2-Overview of Industrial Automation

1.2.1-Definition of industrial automation

Industrial automation refers to using advanced technology, control systems, computers,
and robotics to manage different processes and machines in an industrial environment. The aim
is to automate repetitive or complex tasks that were previously carried out by humans, thus

improving efficiency, reducing labor costs, and ensuring safety in the workplace [2].

Industrial automation is essential in modern manufacturing because it offers many benefits,

including:
. Increased efficiency.
. Increased productivity.

] Improved quality.
. Reduced labor costs.
. Enhanced security.

. Greater flexibility [2].

4|Page
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1.2.2-Components of an automated system

= Sensors and actuators: these are used to gather information about the system and to
control its operation. Sensors measure physical parameters such as temperature,
pressure, and flow rate, while actuators are used to control valves, motors...

= Programmable Logic Controllers (PLCs): These are specialized computers that are
used to control the operation of the automated system. They can be programmed to
respond to sensor inputs and to control the operation of actuators.

* Human-machine interface (HMI): This is the interface through which operators
interact with the system. It may include displays, buttons, and other input/output devices
that allow operators to monitor the system and make adjustments as needed.

= Communication network: This is used to allow different components of the system to
communicate with each other. It may include wired or wireless connections, depending
on the specific application.

= Software: This includes the programming that is used to control the system. It may
include specialized software for specific applications, as well as general-purpose
programming languages such as C++ or Python.

=  Power Supply: This is needed to provide power to the various components of the

system. It may include transformers, power supplies, and other components [3].
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1.2.3-Overview of industrial control systems

Plant

Sensors

INSTRUMENTATION

Industrial control systems (ICS) are control systems used in various industrial sectors

and critical infrastructures. ICS are used to manage and control industrial processes and

equipment. It includes different types of control systems such as SCADA systems, DCS

systems, and PLCs. The ICS has two main parts, the process, and the control. The process is to

produce the output, while the control part specifies the desired output or performance. ICS can

operate in open loop, closed loop, or manual mode. These systems consist of various

components that work together to monitor and control industrial processes [4].

Figure I-3: Industrial control systems on the rise VPN overview
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1.2.4-Types of Automation (Fixed and Flexible Automation)

Fixed Automation: Fixed automation, also known as hard automation, is a system that
is designed to perform a specific task repeatedly, without any significant change in the
product or process being produced. The system is often custom-built for a specific
manufacturing process and is typically expensive to design, set up and reconfigure. This
type of manufacturing automation uses specialized hardware to automate assembly or
fixed sequential processing operations [3].

Flexible Automation: Flexible automation, also known as soft automation, is a type of
automation that uses a centralized computer that is human-controlled and responsible
for controlling and updating the production process. Additionally, this type incorporates
a material handling system that groups the machines. One of the key features of this
type is its ability to be easily reconfigured or programmed to perform different tasks or
to adapt to changes in the product or process being produced. This system uses a
combination of sensors, controllers, and actuators to detect and adapt to changes in the
production process. This type of system is more versatile than fixed automation and is
typically used in environments where the production process changes frequently or
where customization is required. Examples of this type include robots and computer

numerical control (CNC) machines [3].

9
e

Fixed Flexible Programmable

Automation Automation

Automation

Figure I-4: Types of automation

1.3-Synoptics in Industrial Automation

1.3.1-Definition of Synoptic in Industrial Automation

Synoptic typically refers to the visual representation of processes or systems that display

real-time information in a simplified and intuitive manner. Synoptic are commonly used in
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SCADA (Supervisory Control and Data Acquisition) systems to provide operators with an
overview of the process or system they are monitoring. They typically include graphical
representations of problems or abnormal conditions. Synoptic are designed to provide operators
with a clear and concise understanding of a process or system, enabling them to quickly identify

and respond to any problems that may arise [5].
1.3.2-Importance of Synoptics in Industrial Automation
Synoptics are important in industrial automation for the following reasons::

= Visualization: Synoptic provides a graphical representation of industrial processes
making it easier for operators to understand and monitor processes.

=  Control: Synoptic allow operators to control industrial processes by providing an
interface to adjust set points, turn equipment on and off, and respond to alarms or
abnormal conditions.

= Troubleshooting: When a problem occurs in an industrial process, weather maps can
be used to determine the root cause of the problem and take corrective action. Operators
can quickly locate affected equipment or process areas and take appropriate action to
resolve the problem.

= Efficiency: by providing a clear and concise overview of industrial processes, weather
maps can help operators optimize processes, reduce waste and increase efficiency [6].

1.3.3- Types of Synoptic and their uses

Synoptics can be classified into different types based on their functions and applications in

industrial automation. Some common types of synoptic and their uses are:

= Process Synoptic: This type of synoptic provides a visual representation of the entire
industrial process, including the status of equipment materials and other resources. It
helps operators monitor and control processes in real-time, quickly identify and
diagnose problems, and make informed decisions.

= Trend Synoptic: Trend synoptic displays the historical trend of process variables, such
as temperature, pressure, and flow over time. It helps operators identify patterns,
identify anomalies and optimize process performance.

= Maintenance Synoptic: Maintenance synoptic provides an overview of the
maintenance activity, including equipment status, planned and unplanned maintenance,
and maintenance history. It helps maintenance personnel plan and prioritizes their tasks,

reducing downtime and increasing equipment reliability.
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Energy Synoptic: Energy synoptic displays the energy consumption and production
data, including electricity, gas, and water usage, as well as the status of energy-saving
measures. It helps operators identify energy-wasting areas, take energy-saving measures
and reduce energy costs.

Process Flow Diagrams: These diagrams show the flow of materials or fluids through
a system, often using arrows or lines to indicate the direction of flow. They are useful
for monitoring the overall performance of a process and identifying areas where flow
may be impeded or slowed down.

Piping and instrumentation diagrams (P&ID): These synoptic provide a detailed
view of a system's components and connections, including valves, pumps, and other
equipment. They are commonly used in process control applications and can help
operators identify and diagnose flow, pressure, and temperature problems.

Electrical Schematics: These diagrams show the wiring and electrical connections
between system components and are used in electrical control applications. They can
help operators with problems related to electrical breakdowns or malfunctions.
Human Machine Interface (HMI): HMI is a type of synoptic display that provides a
graphical interface for the operator to interact with the control system. They typically
include buttons, sliders, and other graphical elements and can be customized to meet the
specific needs of a particular application.

Alarm Event displays: These synoptic show real-time alarms and events occurring in
the system and can be used to alert operators to critical issues that need attention. They
can also provide historical data on past alarms and events, allowing operators to identify
patterns and trends. It helps operators respond quickly to critical alerts, minimizing

downtime and keeping plants and people safe [7].

1.3.4-Examples of Synoptic Displays in Industrial Automation

Here are some more examples of synoptic displays in industrial automation:

Power Plant Control Room Synoptic display: This type of display shows the status
of various plant components such as generators, pumps, and turbines. It allows operators
to monitor plant performance and identify issues that need to be addressed.

Conveyor Control Indicator: This type of indicator shows the status of the conveyor
system, including belt position and speed, as well as the status of various sensors and
actuators. It allows operators to monitor system performance and quickly identify any

problems that may arise.

9|Page



Chapter I State of the Art

= Building Automation Synoptic display: This type of synoptic display shows the status
of various building systems such as HVAC (Heating, Ventilation, and Air
Conditioning), lighting, and security. It allows building operators to monitor and control
these systems from a central location, improving energy efficiency and security.

= Industrial Process Control Synoptic display: This type of synoptic display shows the
status of various industrial process components such as tanks, valves, and pumps. It

allows operators to monitor and control processes, ensuring efficient and safe operation
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Figure I-5: Synoptic screen of the SCADA package

1.4-PID Control
1.4.1-Definition of PID control

PID (Proportional Integral Derivative) control, is a feedback control algorithm widely used in
engineering and process control. It is a closed-loop control system that continuously calculates
an error signal by comparing the desired set point with the current process variable and uses

this error signal to adjust the control action.

The three terms of PID control represent different aspects of control action. The term
proportionally adjusts the output based on the strength of the error signal, the integral term
adjusts the output based on the cumulative error over time, and the derivative term adjusts the

output based on the rate of change of the signal. Error signal.
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PID control is commonly used in factory automation, robotics, and manufacturing process to
regulate temperature, pressure, flow, and other process variables. It is also used in many
applications, including engine control, the autopilot of aircraft, and even in heating and cooling

systems in homes [9].

h 4
-U

Df;?::G +_,{ Y, }— Error ¥ —(Z)—v Process —Output—»

A A

O

Figure 1-6: PID Controller
1.4.2-Importance of PID Control in Industrial Automation

= Precise control: PID control allows precise control of industrial processes. With the
ability to maintain the set point despite disturbances, it ensures the process is operating
within the desired range.

= Stability: PID control ensures the stability of industrial processes with a minimum of
fluctuations. This is especially important in processes where safety is very important,
such as chemical plants.

= Energy efficiency: By providing precise control of industrial processes, PID control
can help optimize energy consumption. This leads to cost savings and reduced carbon
emissions.

= Consistency: PID control guarantees a constant quality of the final product. This is
especially important in industries such as food and beverage, where consistency in
product quality is critical to maintaining customer satisfaction.

= Reduced downtime: PID control can help reduce downtime in industrial processes.
Providing precise and stable control, it minimizes the risk of equipment damage and

failure, resulting in increased productivity and efficiency.

= Improved control performance: PID control is essential in industrial automation
because it improves system control performance. The PID controller can accurately

maintain the desired process variable even under changing conditions, thus improving
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the quality of the final product. Increase Efficiency: PID control enables industrial
processes to operate more efficiently by reducing process variability and reducing
wasted energy. This translates into lower production costs and higher profits for the

industry.

= Reduce Downtime: Using PID control in industrial automation can help reduce
downtime and maintenance costs. Continuously monitoring and adjusting process
variables, the system can prevent critical errors and ensure machines operate at peak
efficiency.

= Improves Product Quality: PID control is important in industries that require precise
control of variables, such as temperature and pressure, to produce high-quality products.
Using PID control can help ensure that process variables stay within the desired range,
resulting in consistent, reliable product quality.

= Facilitates Automation: PID control is an essential part of industrial automation as it
enables automation systems to operate more efficiently and reliably. With PID control,
automated systems can adapt to changing conditions and maintain peak performance
without manual intervention.

= Offers Flexibility: PID control offers a high degree of flexibility in industrial
automation systems, allowing engineers to adjust control parameters as needed to
optimize performance. This versatility makes PID control an ideal solution for many
industrial processes, from the simplest to the most complex [9].

1.4.3-Components of a PID controller

= Proportional Component (P): The proportional component of a PID controller
provides an output signal proportional to the error signal between the setpoint and the
measured values. It determines the corrective action based on the magnitude of the error
signal.

= Integral Component (I): The integral component of a PID controller provides an
output signal proportional to the integral of the error signal over time. It corrects any
steady-state errors that persist after applying the scale component.

= Derivative Component (D): The derivative component of a PID controller provides an
output signal proportional to the rate of change of the error signal. It predicts the future
behavior of the error signal and works to prevent overshoot and oscillation of the output.

= Set point: The set point is the desired value for the process variable. This is the value

that the PID controller strives to achieve.
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= Process Variable: The process variable is the actual value of the variable controlled by
the PID controller. It is measured by sensors and fed back to the controller.

= Controller Output: The controller output is a signal that is sent to a control element
(such as a valve or motor) to regulate the process variable. It is the sum of the P, I, and
D components, each of which is multiplied by a gain factor to adjust the overall response
of the controller.

= Gain: The gain determines the relative weight of each component in the output of the
controller. They are used to tailor the controller response to the characteristics of the
controlled process.

=  Control Element: The control element is a device that adjusts the process variable
based on the output of the controller. It can be a valve, motor, or any other device that

can change the process variable [9].

Set-Point
+ _ Ry
Integral
—> t

Error_Value Im:Kf.[ e(t)dt
- 0 J
. - N

[ Derivative

D =K de_(t) D_term

\_ term™— v d dt Y,

New_Feedback_Value
Figure I-7: PID controller components

1.4.4-Types of PID Controller

1.4.4.1-Propotional Action Controller (P)

The output of the proportional controller u(¢) is proportional to the error signal e(#), which is

the difference between the set point and the process variable[10].

=  Controller control Law:

u(t) = kye(t) (L1)
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= P Controller Block Diagram:

E(p) U(p)

Figure I-8: Block Diagram of P controller

Practical Implementation of the P controller:

| S

R,

E: Ij
R, Ut
L

Figure I-9: Electronic Diagram of P controller

= Transfer function of the P controller:

_ U(p) _ Ry _ 1.2

1.4.4.2-Propotional Integral (PI) Controller

=  PI Controller Transfer Function:

1+ TP 1.3
Clp) =K,——7—
() = K, TP
= Time Equation:
t L4
u(t) = er(t)f e(t)dt
0
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=PI Controller Block Diagram:

u(t)
e(t) 1 K
» s, > E— P >
Figure I-10: PI controller Block Diagram
= PI Controller index response:
A | f
’///1(([) f\ ‘llb“’)'T J\‘f);/."
/

l e(t)y=¢(t)

k—"
>
I
0 t[s]
Figure I-11: PI Controller index response
= Practical Implementation:
RZ CZ
D —— | ey
Ry
| -
+
Ux
Ry Uy

Figure I-12: Electronic Diagram of PI Controller

It has a counter-reaction circuit formed by a C, capacitor serial with resistor R, [10].

15| Page



Chapter I

State of the Art

Finally, the transfer function will be:

) =5 P TR T PR.G,

1.4.4.3- Proportional Derivatives Controller (PD)

=  Transfer Function of the PD controller:

U(p)

C(p) ZFP)

= Time Equation:

de(t)
u(t) =K, (e(t) + Ty it >

= PD Controller Block Diagram:

E(P)

\4

Uy(P) R, 1+ PR,G,

L5

I.6

L7

PTa L 5 —

U(P)

v

Figure I-13: PD controller Block Diagram

= PD Controller index response:

A
KT 501 ¢

>
t[s]

e(t)=e(t) .

ulr) t‘\ t{”' f "3
i

Figure I-14: Index response of PD controller
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Practical Implementation:

Gy Req R,
17—
Ry
——r— —
+
Uy
Ry Uy

1

Figure I-15: Electronic Diagram of PD Controller
Finally the transfer function will be [10]:

Uy (P) _ Ry(1+ P(R¢1 + Ry)Cy) 1.8
U, (P) Ry(1+ PR¢,Cy)

1.4.4.4-Propotional-Integral-Derivative PID Controller

Gr(s) =

The PID (Proportional Integral Derivative) controller is the combination of three core actions
P, I, and D. Through the terms P and I, they allow the cancellation of a static error while
allowing, through to the D action, faster performances than those of a PI controller. The PID
controller is a control device for closed-loop regulation of an industrial system. It’s the most

used controller in the industry, and it controls a lot of processes [10].
The PID corrector acts in 3 ways:

* Proportional action P: It ensures speed. The error is multiplied by a gain K,
= Integral action I: It cancels the static error. The error is integrated and divided by
againT; .
= Derivative action D: It improves stability. The error is derived and multiplied by a
gain Ty [10].
1.4.5-PID Controller Structures

The elementary actions of a controller can be associated in serval ways. We are talking about
the algorithm structure of the controller. The PID parameter values do not give the same process
behavior depending on whether the structure is parallel or mixed. This is why it is essential that
the operator knows the existing structure of the controller. The structure is imposed by the

controller manufacturer [10].
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1.4.5.1-Parallel Structure

= Time Equation:

1t de(t 1.9
u(t) = K,e(t) + —f e(t)dt + T, © + u,
T; Jo dt
= Transfer function Equation:
y(p) 1 110
Cp)=—=<=K, +—+T,
(p) S(t) p+Tlp+ ap
> Kp
4
P
X(P) +® e(P) 1 + v
_— > —— —>
T;P
] 1
J TP
Figure I-16: Parallel Structure Controller
1.4.5.2-Serial Structure
* Time Equation:
K, [t de(t) L.11
_ 14
u(t) = ak,e(t) + ffo (t)dt + KpTdF + u,
Where:
T+ Ty
a= T
Is the theorical coefficient of interaction between integral and derived action [10].
Transfer function equation:
y(p) ( 1 ) L12
Cp)=—=K,(1+— )1 +T
@) =75 =Ko (1475) A+ Tap)
X(P) (P 1 + + u(P)
Kp J oL J| T,P
T,P

Y(P)T

Figure I-17: Serial Structure Controller
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1.4.5.3-Mixed Structure

This structure is currently the most used by builders [10].

= Time Equation:

K, [t de(t) I.13
_ 14
u(t) = K,e(t) + Tlfo g(t)dt + KpTd7 + u,
= Transfer function Equation:
y(p) < 1 ) 114
C =—=K 1 — T
(p) S(t) P +T1P+ ab
+
X(P) é ; £(P) 1 + Ue
— Kp > — >
T;P
- +
Y(P)T
| TP
Figure I-18: Mixed Structure Controller
Other mixed structure also exist as [10]:
* 2" Time Equation:
K, (t de(t I.15
u(t) = Kye(t) + —”j e(t)dt + KpTd—() + u,
T; Jo dt
= 2" Transfer function Equation:
y(p) ( 1 ) 1.16
Cp)=—==K,|1+—|+T,
(p) E(t) 14 Tlp dp
| TaP
+
X(P) é ? £(P) 1 + UP)
| Kp > — >
T,P
+

Y(P)T

Figure I-19: 2" Mixed Structure Controller
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1.4.6- The use of PID control in industrial automation

PID control is widely used in industrial automation due to its ability to regulate and stabilize

processes. Here are some additional ways to use PID control in industrial automation:

=  Temperature control: PID controllers are commonly used to maintain a constant
temperature in industrial processes, such as chemical reactions, heat treatment, and
food processing.

= Pressure control: PID control is also used to regulate and stabilize the pressure in
industrial processes, such as plastic manufacturing systems and pneumatic control.

=  Flow control: A PID controller can be used to regulate the flow of liquids or gases
in industrial processes, such as chemical manufacturing and water treatment.

= Motion control: The PID controller is used to control the speed, position, and
direction of motors in industrial automation, such as in robotics and conveyor
systems.

= PH control: The PID controller is commonly used in chemical and water treatment
to maintain a constant pH level.

= Level control: A PID controller is used to control the level of a liquid or material in

a tank or vessel, such as in oil and gas production and chemical production [9].

PID Controller

Setpoint
given by =— I
the user j

Output from
PID Controller

RTD L
GasFlow —> 1 | D
Control Valve \

Furnace

Figure I-20: PID controller, control valves
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Controller

Transmitter

SP =

Control Valve

Process

Figure 1I-21: PID controller performing automatic control of system
I.5-Hardware

L.5.1-Asynchronous Machine

The use of three-phase induction machines in industrial applications is determined by:
simplicity of design, low price, high operational safety, and high technical performance (starting

torque, high efficiency, etc.). The asynchronous machines are frequently employed as motors.
1.5.2-Asynchronous Motor
1.5.2.1-Definition

The asynchronous motor is the most widely used machine in the field of high power (greater
than kilowatts) due to its numerous advantages such as robustness, power-to-weight ratio, low
cost, ease of implementation, etc. This chapter aims to present the asynchronous motor. Thus,
we provide an overview of the construction of an asynchronous motor and explain its operating
principle, as well as discussing its coupling and winding. Finally, we present the advantages

and disadvantages of this motor.[12]
1.5.2.2. Constitution of the asynchronous motor:
The asynchronous motor consists of two distinct parts:
A. The stator

A stator consisting of 3 coils positioned 120 degrees apart from each other and powered by a
three-phase system, creating a rotating radial magnetic field in the air gap at the synchronous

frequency.
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Figure I-22: Stator

B. The rotor

The rotor has the appearance of a squirrel cage. It is made up of identical metal bars, parallel or
not to the axis of the rotor. These bars are connected to each other by two metal end rings,
creating a short circuit. The interior is lined with thin metal sheets separated by an insulating

varnish to limit eddy currents.

The rotor cannot rotate at the same speed as the magnetic field; otherwise, the cage would no
longer be swept by the rotating field, resulting in the disappearance of induced currents and

consequently the elimination of the Laplace forces and motor torque.

The two rotation frequencies cannot be synchronous, hence the name asynchronous motor.

Figure I-23: Rotor

It is the moving part of the motor. It is placed inside the stator and consists of a stack of steel
laminations forming a cylinder keyed to the motor shaft. Among the most commonly used

types, we distinguish:
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a. Cage rotor (short-circuited rotor)

v’ Single cage rotor:
Conductors are placed in holes or slots arranged outwardly on the cylinder and parallel to its
axis. At each end, these conductors are connected to a metal end ring. The assembly resembles

a squirrel cage.

v" Double cage rotor:

It consists of two sets of bars or conductors arranged in concentric circles.This design allows
for better starting torque, higher efficiency, and improved resistance to rotor cage overheating.

b. Wound rotor (slip ring rotor):

In slots made on the laminations constituting the rotor, identical windings to those of the stator
are housed. Generally, the rotor is three-phase. One end of each winding is connected to a
common point (star connection). The free ends can be connected to a centrifugal coupling or to

three insulated copper rings attached to the rotor. Graphite brushes connected to the starting

device come into contact with these rings.
1.5.2.3. Mechanical components

The motor consists of a rotor and stator, as well as other mechanical components such as:

. Bearings
. Terminal plate
. Identification plate (or nameplate)

] End shields
] Rotor shaft

. Motor housing
- Fan
. Bearings

The motor frame serves as a support and provides protection against the external environment.
The shaft is a transmission component, consisting of a central part that supports the rotor body
and an end of the shaft on which a half coupling is attached. It is typically made of cast or forged
steel. Its design depends on factors such as bending forces (centrifugal force, radial magnetic
attraction, etc.), radial and tangential forces due to centrifugal forces, and torsional forces
(electromagnetic torque transmitted in steady-state and transient conditions). The shaft is
supported by one or more bearings, which support the rotor and ensure free rotation. The second
bearing is free to accommodate thermal expansions of the shaft. One of the bearings is

electrically insulated to eliminate currents in the shaft due to asymmetries in the magnetic
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circuit reluctances. Bearings are typically of the rolling type for small and medium power

machines.
1.5.2.4. Operating principle of an asynchronous motor
The operating principle of an asynchronous motor is based on two main aspects:

= On the one hand, an induced electric current is created in a conductor placed in a rotating
magnetic field.

= On the other hand, the generation of a driving force on the considered conductor
(through which a current pass and is placed in a rotating or variable magnetic field)

whose direction is determined by the right-hand rule.

urrent

Figure 1-24: Operation of a motor

As shown in the diagram above, the rotating field, at a given moment, is oriented upwards.
When considering two diametrically opposite conductors, it can be observed that the induced
currents in these two conductors are in opposite directions and, in association with the magnetic
field, create opposing driving forces. Since the rotor is free to rotate about its axis, these two

forces combine to impart torque to the conductors, enabling the rotation of the squirrel cage.

To maintain the motor's rotation, it is necessary to vary either the current in the conductors of
the cage or the magnetic field. In an asynchronous motor, it is the magnetic field that changes

in the form of a rotating field created in the stator.

Therefore, a rotor of an asynchronous motor never rotates at the synchronous speed (50 Hz).
For a motor with one pair of poles (at 50 Hz, the rotating field's rotational speed is 3,000 [rpm]),
the rotor's rotational speed may be, for example, 2,950 [rpm]; this is where the concept of slip

comes into play.
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= Rotation direction

When the motor is supplied with direct power, it rotates clockwise when facing the end of the
shaft. By interchanging the supply of two phases, and only two phases, the rotation direction

will be reversed.
1.5.2.5. Mechanical characteristics of asynchronous motors
A. No-load operation

Under no-load conditions, the motor does not drive any load, resulting in zero slip, and the

motor operates at synchronous speed (g=0, ns =n).

The power factor is very low, and the absorbed current remains high. This is referred to as

reactive or magnetizing current (which is used to create the magnetic field).
B. Loaded operation

The motor now delivers active power as a resisting torque is applied. As the resisting torque

increases, the mechanical power required from the motor also increases.

= The current drawn increases.
=  Cosg increases.
= The rotational frequency decreases slightly.

C. Operating quadrants

Asynchronous motors can operate in four different ways, known as quadrants, defined as

follows:

1* quadrants

2end quadrants Charge J
1/ ~ Motor

3ed quadrants

g .=y
m 1-/,
| | — 2\
"{‘ ] &, (O

Figure I-25: Operating quadrants
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= Quadrants 1 and 3: Motor operation. The rotating machine delivers mechanical
power.
. Quadrants 2 and 4: Braking operation. The rotating machine absorbs mechanical

power, and the motor becomes a generator.

1.5.2.6. Winding and connection of an asynchronous motor
A. Winding

The coils are housed in the slots of the stator. If there is one pair of magnetic poles for each of
the three phases, the synchronous frequency is then 3000 rpm. By increasing the number of

pole pairs, it is possible to obtain motors with different rotational frequencies.

Number of poles 2 4 6 8 10 12
Pole pairs 1 2 3 R} 5 6
#s (Tr/Min) under 50 Hz 3000 1500 1000 750 600 500
#s(Tr/Min) under 60 Hz 360 1800 1200 900 720 600

Table I-1: Number of poles and synchronous speed.

The connection of the coils to the power supply is done at the terminal plate located on the top
of the motor. There are 6 connections available, one for each end of the three coils. The

terminals are connected to the coils according to the following diagram:

[i:' Lz W2

2

= e w1

Figure 1-26: The connection of the terminals to the coils.

B. Connection

The connection of an asynchronous motor can be done in a delta (triangle), wye (star), or star-

triangle configuration.

a. Star Connection
The star connection is used when a 230V motor needs to be connected to a 400V power supply
or when starting a motor with reduced power for a load with high mechanical inertia. This

connection is made as shown in the figure below.
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L1
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Figure I-27: Star configuration

b. Triangle (delta) Connection

In the triangle configuration, each coil is supplied with the nominal voltage (400V) as shown
in the figure below.

L1

Lz w2
W'

380w

1 w0 Wi L2

LA L2 L5 L3

Figure 1-28: Triangle configuration

c. Star-triangle Connection

The star-triangle starting method is widely used in electrical engineering for the startup of
three-phase asynchronous electric motors. This system is used to reduce the risks associated
with direct starting. In fact, the current intensity at startup is very high compared to the motor's
nominal current (approximately 5 to 7 times the rated current). In the case of large motors, these
high currents lead to overload on the power lines and the protection and control devices,

resulting in wear and potentially premature failure of the starter components.
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Figure I1-29: Star-triangle Connection Diagram.

1.5.2.7. Power Balance and Formulas

I Consumed power |

I P.— U XIS Cos <« I

[ stator joute 1osses |

| Psy=— 3 Rs I:?
= =

I Stator iron losses

e

Rotor transmitted power

[ P==cr=2mxn |
[ Rotor joule 10sses | . | ot o e
[ Ps=3 =322 | -
- =
| Electro-magnetic power |
[Pem=caimz== |
Mechanic losses s
e —apps €
=

| Output power I
[ Pa=cuzzm |

Figure I-30: Power balance of the asynchronous motor

A. Power:
a. Expression of the absorbed power

This is the absorbed power or electrical power supplied to the machine
Pa=U.1.V3. Cos (¢)=3V. I Cos (¢) .17

b. Reactive power
Reactive power represents the power generated by reactive elements in the circuit (capacitive

or inductive reactance). It is measured in volt-amperes reactive (VARSs).

Q=U.IN3 Sin (¢p) L18
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c. Apparent power

Apparent power is the power supplied to the load. It is measured in volt-amperes (VA). It is

calculated as follows:
S=U.I\3
Where: U=V\3

d. Transmitted power

This is the power received by the rotor:

Ptr = Pa— Pjs — Pfs

e. Total mechanical power

The electromagnetic torque Tem drives the rotor at speed Q, thus transmitting the total

mechanical power PM.

PM =Tem Q
Or: PM =Tem Q= Ptr == Ptr(1 — g)
This power includes useful power and mechanical losses.

f. Output power

L.19

1.20

.20

[.21

[.22

It is the mechanical power minus the mechanical losses. The power indicated on the

nameplate of an asynchronous motor is the nominal useful power. It is calculated as follows:

Pu=PM - Pm

The output torque is then calculated using the following equation:

Pu
Tu = —
Q

B. Losses:
a. Stator copper losses

The stator copper losses are due to the flow of currents in the stator windings.

Pjs= > RP

1.23

1.24

1.25
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b.  Stator iron losses
Noted as Pjs, they include losses due to hysteresis and eddy currents in the metal masses of

the stator.

c. Rotor copper losses and iron losses
These losses represent the difference between Ptr and PM. They are due to induced
currents. They are not directly measurable as the rotor is short-circuited, so they need to be

calculated.
Pjr + Pfr = Ptr — PM = Ptr — Ptr (1 — g) = gPtr 1.26
Pjr = gPtr
Rotor iron losses are negligible.

d.  Mechanical losses
These losses correspond to friction in the bearings, ventilation, etc. They are often neglected

1n most cases.

e. Stray losses
These losses depend only on U, f, and n. Since these quantities are usually constant, the

stator iron losses and mechanical losses are also constant.

Pc=Pfs+Pm 1.27
The loss torque is defined as:
= ke
Tp=1; 1.28

C. Electromagnetic torque
The forces acting on the rotor conductors rotate at the speed Qs, while they slip on the rotor,

which rotates at the speed Q.
The action of all electromagnetic forces reduces to an electromagnetic torque resulting from
the moment Tem.

_ptr
Tem = 0 1.29

D. Efficiency

Efficiency is equal to the ratio of useful power to absorbed power. It is always less than 1.

= 1.30
PA
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E. Speeds

Synchronous speed: It is the rotational speed of the rotating field:

ns =L [.31
p
Motor rotation speed:
n=ns(l—-g) 1.32
Angular speed:
Q=2nn .33
F. Slip

Slip is the relative difference between the machine's rotation speed and synchronous speed.

ns—n

1.34

g: ns

Note:

. At startup: g = 100%
. During operation: g <1 as long as the load does not drive the motor.

. Under nominal conditions: gn =3 to 10%

1.5.2.8. Speed control of an asynchronous motor
Controlling the rotational speed of an asynchronous motor is crucial for many applications.

The following relationship helps identify the parameters that can influence the rotational speed.

We have:
g=Mmo-n)/no 1.35
Where:
. g = slip [%].
] n0 = synchronous speed [rpm].

. n = motor shaft speed [rpm].

Or:

nzw 136

With:
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A.

f x 60: network frequency [Hz] multiplied by the number of seconds per minute.
p = the number of pole pairs.

Therefore, we can control the rotational speed by intervening on:

The number of pole pairs (e.g., a two-speed motor),

The slip of the motor (wound-rotor motor),

The network frequency.

Control by Modifying the Number of Poles

Older systems still operate with two-speed motors. Most of the time, these are motors with a

rotor composed of two different numbers of pole pairs. The windings are arranged in the stator

slots in a particular way that adds to their complexity. The different pole pair couplings allow

for different speeds.

B.

Frequency Regulation

Currently, the speed control of asynchronous motors is achieved electronically through variable

frequency drives. Therefore, we will only discuss frequency control here, as it is by far the most

common method.

1.5.2.9. Advantages and Disadvantages of an Asynchronous Motor

A.

Advantages

The asynchronous motor is easy to implement.

It is robust and has low maintenance costs.

Good standardization among manufacturers.

Direct starting on the network (high starting torque).

Its efficiency is close to 99%.

Disadvantages

For high-power motors, the starting time is long.

If the load torque exceeds a certain limit, the motor stalls.

An excitation is required, meaning a second source of energy.

Without power loss, the motor speed can be controlled by varying the frequency because the

speed of the rotating field in the stator changes. To maintain the motor torque, the motor voltage

must change with the frequency in a constant ratio.
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1.5.3. Variable Frequency Drive:

1.5.3.1. Definition of a Variable Frequency Drive
A variable frequency drive (VFD) is a device that allows for the adjustment of the speed of a
motor, which is necessary for many industrial processes. In fact, most motors operate at a
constant speed. To modulate the speed of process equipment, various mechanical devices were
traditionally used. The industry now demands precise speed control, which has led to the use of
electronically controlled direct current (DC) motors with semiconductor-based VFDs. This

technique involves varying the speed proportionally to the voltage.

In addition, variable frequency drives are also used with alternating current (AC) motors. These

VFDs utilize pulse width modulation (PWM) and insulated gate bipolar transistors [14].

Figure I-31: Variable speed drive (ATV12h018m?2)
1.5.3.2. Constitution of a Variable Speed Drive:

The frequency converter, supplied with a fixed voltage and frequency from the power grid,
provides the motor with alternating current at variable voltage and frequency according to speed

requirements.

To properly supply power to an asynchronous motor with constant torque regardless of the
speed, it is necessary to maintain a constant flux. This requires the voltage and frequency to

vary simultaneously and in the same proportions.
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Figure 1-32: VFD Wiring Diagram (ATV12H018M2) [11]
1.5.3.3. The Control Circuit
This circuit must ensure four essential functions:

= Control of the semiconductor devices of the variable speed drive.
= Exchange of control, regulation, and analysis information with peripherals.
= Fault control (interpretation and display).
= Protection of the variable speed drive and the motor.
The advent of microprocessors has allowed for increased speed in executing control and
regulation information within the control circuit compared to other circuits (intermediate

circuit, inverter, etc.).

The speed regulation of three-phase AC motors evolves according to two different control

principles:

= U/f control (Scalar).
= Vector control of flux (VVC).
These principles determine the programming of control algorithms and speed control of
variable speed drives. Both methods have advantages depending on specific performance

requirements (torque, speed, etc.) and drive precision.

1.5.3.4. U/f control (Scalar)

U/f control is based on the measurement of scalar quantities (amplitude values in voltage and

frequency). It is the basic control system of standard frequency converters.

In order to maintain a constant flux in the motor and thus a constant torque speed variation, the
voltage and frequency vary proportionally up to the motor's nominal frequency (50 Hz). When
the nominal voltage is reached and the voltage can no longer increase, it is still possible to

increase the frequency. In this case, the variation occurs at constant power, and the torque

34| Page



Chapter I State of the Art

decreases with speed. This operating mode is interesting for loads with constant torque, such as
motors. Indeed, the motor torque "matches" better with the profile of the resisting torque,

resulting in lower energy consumption.

The figure below shows the profiles of torque curves as a function of speed for different U/f

ratios:

Torque (Nm)

Maximum torque
envelope

Constant nominal torque start

I
|
30 \40 !\so \ro Mz
:
|
|

n/n0

Figure I-33: constant torque operation
1.5.3.5. The advantages of U/f control are:

» Easy adaptation of the speed controller to the motor.
= Easily handles load variations across the entire speed range.
* Motor torque remains more or less constant depending on the speed.

1.5.3.6. The disadvantages of U/f control are:

» Speed regulation range is limited to 1/20.

= At low speeds, no compensation for slip and load management.

1.5.3.7. Vector control of voltage (or flux)

For this type of control, it is necessary to provide precise indications of the motor parameters
(nameplate encoding). Vector control of voltage (VVC) operates based on the principle of
calculating the optimal magnetization of the motor at different loads using compensation
parameters to control the slip and motor load. As the name suggests, vector control of voltage
works with the voltage vectors at no-load and compensation vectors in relation to load variation.

Field-oriented vector control operates with the values of active currents, magnetization (flux),
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and torque. Through an appropriate mathematical model, it is possible to determine the required
torque for the motor based on the stator flux and rotor current vectors, in order to optimize and

regulate the magnetic field and motor speed according to the load.
1.5.3.8. Advantages of VVC control:

» Good response to load variations.

» Full torque at zero speed and precise speed regulation.

» Performance is similar to DC drives.

* Quick response to speed variations and wide speed range (1/100).
= Better dynamic response to changes in the rotation direction.

* Only one control strategy is needed for the entire speed range.

1.5.4-Industrial Programmable Automation (API)

Industrial programmable controllers or APIs are electronic machines, programmable by
non-technical staff, intended to control in an industrial environment and in real-time, sequential

logical processes.

I.5.4.1-Automated System Functionalities

Gather data using detectors and sensors.

Process the data using an ordering party such as an ATM, etc.

Issuing orders via pre-actuators such as distributors, contactors, and dimmers.

Act on the working material with the operating portion (cylinders, motor).

Other system functions that can be automated include:

= Managing.

Coordinating.

Dialoguing.
= Communicating.
=  Monitoring.

1.5.4.2-The automaton's architecture
The automation systems are made up of two primary sections that are linked together:

= Control Part: the operator enters the program data received from the sensors to the
computer PC, it sends orders executed by the operative part.

* Operative Part: it sends information back and gives a signal to the PC emits by
actuators or sensors requiring the consumption of electrical energy. the operator

appreciated the smooth running of his work according to these signs [16].
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1.5.4.3-Cyclic operation of APIs
Most APIs have cyclic operation according to the synchronous status of inputs and outputs:

» Internal data processing: ordering and updating the system.
* Support for inputs: which are frozen in memory.

* Program executions: the processor performs the action.

Internal
Data

Support for
Inputs

Program
Executions

Figure I-34: Cycle for an API
1.5.4.4-Automate API S7-300

To suit our automation demands, the S7-300 controller provides the flexibility and capability
to operate a wide range of devices. Its small size, adaptability, and huge number of instructions

make it a perfect choice for managing a wide range of applications.

We have chosen the S7-300 CPU313C PLC. The selected programmable logic controller is
characterized by a 64Kb memory, 24 inputs/16 outputs for discrete inputs/outputs, 5 inputs/2

outputs for analog signals, and a Profibus-DP (Decentralized Peripherals) communication [15].
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Figure I-35: Programmable Logic Control S7-300

1.5.4.5. Characteristics of the S7 300 Programmable Logic Controller

Table 1.2 contains some technical characteristics of the Siemens S7-300-CPU 313C.

- Integrated working memory

64 k octet

- Number of inputs and outputs

Inputs TOR:24 , output TOR:16

Inputs analog : 4(Voltage or current
measurement) and 1 (Resistance or
temperature measurement) output analog :2

- MPI communication port

yes

- Number of timers 256
- PID control yes
- Profibus communication Yes

Table I-2: Technical Specifications of S7 300 CPU 313.
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1.5.4.6. Components of an S7-300:

ﬂﬂ]:
&
®
®

1

Figure 1-36: Components of an S7-300

v' A -Power Supply

v" B - CPU Modules

v' C - Input/output Modules
A. Power Supply:

It converts the mains voltage (AC 120/230 V) into a 24 V DC supply voltage and provides
power to the S7-300 as well as external power supply for 24 V DC load circuits.

]

Figure 1-37: Power supply of the S7 300 PLC.

1 - Power On LED display
2 - ON/OFF switch

3 - 24V power input

4 - 24V output
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B. CPU:

Its main role is to execute the user program, power the internal bus of the S7-300, and
communicate with other partners on an MPI network via the MPI interface.

= U = B ==

(8

== - | = =

o] -

\_ it
230V/1 20\ \

@ &S &

Figure I-38: CPU connection

1- Power pull-out stop collar

2- Connection cables between power supply (PS) and CPU
3- Plug-in connection for power supply

4- MPI input

5- ON/OFF switch

6- Input for memory card

C. Input/output modules

DN NI N NN

They adapt the different signal levels of the process signals to the S7-300. The built-in inputs
and outputs of this CPU have the following addresses in Table I-3.

Inputs / outputs Default address.

24 input TOR 124.0 to 126.7
Including 12 inputs for technological
functions.

124.0 to 125.0
125.4 to 125.6

16 output TOR 124.0 to 125.7
Including 3 outputs for technological
functions.
124.0 to 124.2
4+1 inputs analog 752 to 761
2 output analog 752 to 755

Table I-3: Inputs/outputs and address

The address of an input or output of a discrete I/O module consists of the byte address and
the bit address.

Example: The example consists of the following elements:

- InputE
- Byte address 1
- Bitaddress 2
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The byte address is based on the initial address of the modules. The bit address is indicated
on the module. If the first discrete I/O module is placed in slot 4, it has a default starting address
of 0. The starting address of each subsequent discrete I/O module increases by 4 per slot. The
following figure illustrates the scheme by which addresses are created for the different channels
of the discrete I/O module.

-l O—5——— Adress O.0O
- ; —————— Adress oO.1
= 3
= a
| s
- &
| T—— Adress oO.7
el O—3—— Adress 1.0
= 1 —F— Adress g 55
=l 2
=l =
=l a
- S
- &
o| T —— Adress = W7 <

Figure I-39: Address bus.

1.6-Conclusion

In this chapter, we have given an overview of industrial automation, including its
importance. We also presented the key components of an automated system with various
industrial control systems. Additionally, we explored the different types of fixed and flexible
automation. On the other hand, we have introduced the definition of synoptic, their importance,
and their different types. Finally, we described the PID controller and its components and how
it will be used in industrial automation. We have also described the hardware part comprising
the asynchronous machine and more specifically the asynchronous motor. We also discussed
the variable speed drive and its role in controlling the speed of the machine. Additionally, we
have introduced Industrial Programmable Automation and S7-300 PLC, which are crucial

components of modern industrial control systems.

41 |Page



Chapter 11

Chapter 11

Industrial automation

Software

444444



Chapter 11 Industrial automation software

II.1-Introduction

Program software is very essential in modern industrial automation systems. They allow
operators to control and monitor various processes and equipment. This chapter, entitled
“Industrial automation software”, discusses the importance of industrial automation software.
It also gives an overview of the main software used in this field. We will explore the TIA Portal
software and its features, benefits, and integration with the S7-300 API. Additionally, we will
cover the LabView software, its capabilities, benefits, and integration with: the S7-300 API and
the Tia Portal. Additionally, we will discuss NI OPC Server software, its benefits, and its
integration with: S7-300 API, LabView, and Tia Portal. At the end of this chapter, we will

present the main software that stimulates innovation and their role in industrial automation.
I1.2-Software Programs

Software programs, often known as computer software or just software, are a set of
instructions or programs that guide a computer on how to do certain tasks. These programs are
intended to carry out certain jobs or activities, ranging from simple functions like word

processing and data management to more complicated duties like industrial automation.

Software programs are an important component of modern industrial automation
systems because they give the tools needed to design, control, and monitor industrial processes.
These applications are used to design and manage the control logic for various automation
systems, as well as to provide a graphical interface for monitoring system performance and

making adjustments as needed [16].
I1.2.1-Importance of Software Programs

Industrial automation relies heavily on software applications. They are critical
instruments for managing and monitoring industrial processes, as well as assuring their peak
performance. Using software programs in industrial automation has various advantages,

including:

. Increased Productivity: Software applications aid in the automation of repetitive
operations, lowering the time and effort necessary to accomplish them. This speeds up
and improves the efficiency of industrial operations, resulting in greater production
and cost savings.

. Improved Accuracy: Because software programs automate operations, they reduce

human mistakes and inconsistencies that might arise in manual procedures. This
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increases the accuracy and precision of industrial operations, resulting in higher
product quality and less waste.

. Remote Access: Software packages enable remote access to industrial systems,
allowing monitoring and control from anywhere in the globe. This is especially
beneficial for businesses with many sites or those who operate in remote places.

. Real-time Monitoring: Software programs monitor industrial processes in real time,
allowing for the rapid discovery of issues and fast intervention to prevent downtime
and production losses.

o Data Management: Software applications may gather and analyze data from
industrial processes, offering significant insights into performance, efficiency, and
prospective development areas. This information can help to improve procedures and
make data-driven decisions [16].

I1.2.2-Main Software Programs used in industrial automation

There are a variety of software packages used in industrial automation, each with its
unique set of features and capabilities. Here's a rundown of some of the most important software

applications used in industrial automation:

= TIA Portal: Siemens created the TIA Portal engineering software. It is intended to
simplify automation procedures and shorten engineering time. The TIA Portal is a
unified platform for programming and customizing Siemens automation systems such
as PLCs, HMIs, and drives.

= LabVIEW: National Instruments created LabVIEW, a graphical programming
language. In industrial automation, it is commonly used for data collecting, instrument
control, and automated testing. Users may utilize LabVIEW to create bespoke software
programs for a variety of industrial automation tasks.

= NI OPC Server: National Instruments' NI OPC Server is a software package. It
communicates with OPC servers, which are widely used in industrial automation to
offer a standard interface for communication between various devices and software
applications.

= CODESYS: CODESYS is a software suite for programming PLCs, HMIs, and other
automation devices. It provides a versatile and scalable framework for creating
industrial automation applications and supports a broad range of programming
languages.

= FactoryTalk View: Rockwell Automation created the FactoryTalk View software

package. It is employed in the design and management of HMI applications for
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industrial automation. FactoryTalk View has a number of functions such as data logging,
trending, and alarms and is intended to be used in combination with Rockwell

Automation's PLCs and other automation devices [17].

I1.3-Tia Portal (Totally Integrated Automation Portal)
I1.3.1-Software Description

Siemens' TIA Portal is a software platform for industrial automation. It is used to
program and configure Siemens PLCs, human-machine interfaces (HMIs), and other
automation components. From design and planning through commissioning and maintenance,
TIA Portal provides a full range of tools for the whole automation project. The simple user
interface of TIA Portal is one of its main features, allowing engineers and operators to simply
build and manage their automation projects. It supports a variety of programming languages,
including ladder logic, function block diagram (FBD), structured text (ST), and sequential
function chart (SFC), making it an extremely versatile tool for automation programming.
Integration of TIA Portal with other Siemens automation technologies, such as SIMATIC
controllers and SIMATIC WinCC for HMI development, is another advantage. This integration
enables component-to-component communication and aids quick programming and debugging

[18].

TIA Portal is a strong industrial automation solution that provides a complete set of functions

and a simple user interface to make automation programming more efficient and effective.

Tia Portal

Figure II-1: Illustration of the construction of Tia portal
I1.3.1.1-Simatic Step 7

SIMATIC STEP 7 is the world’s best known and most widely used engineering software
for industrial automation. SIMATIC STEP 7 Version 13 is an engineering system running under
the Totally Integrated Automation Portal (TIA Portal) software. With SIMATIC STEP 7 V13,
the user can configure, program, test and diagnose all SIMATIC controllers [19].
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I1.3.1.2-Simatic WinCC

WinCC (TIA portal) is an engineering software for the configuration of SIMATIC desks,
SIMATIC industrial PCs and standard PCs by the visualization software. The SIMATIC WinCC
in the TIA portal is part of a new integrated engineering concept that offers a homogeneous
engineering environment for programming and configuration of control solution, training
visualization, it is the software for all HMI applications ranging from simple control solutions

with basic panels to SCADA applications for multi-postal PC-based systems [19].
I1.3.2-Views of Tia Portal
When TIA Portal is launched, the work environment consists of two types of view:

= View of the portal: It is task-oriented and very quick to get started.
= Project View: It includes a tree with the different elements of the project, the required
editors open according to the tasks to be performed. Data, settings and editors can be

viewed in one view [20].

Tia Portal Views

! |

Project View

Figure I1-2: Tia Portal Views

First steps

Project: *Project]” was opened successfully. Please select the next step:

S

Figure 11-3: Portal View
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11.3.3-Tia Portal Project View

The "Project" element contains all the necessary elements and data to implement the desired

automation solution.
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Figure II-4: Project View

The work window: Allows you to view the selected objects in the project to be

processed. These can be hardware components, program blocks, variable tables, HMIs,

etc.

The inspection window: Allows you to view additional information about a selected

object or ongoing actions (hardware properties selected, error messages during program

block compilation, etc.).

The task selection tabs: Are content that varies depending on the selected object

(hardware configuration,

instructions).

component libraries,

program blocks,

programming

This working environment contains a lot of data. It is possible to hide or minimize certain

windows when not in use. It is also possible to resize, rearrange, and undock the different

windows [20].
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11.3.4-Addressing of I/O’s

To know the addressing of inputs and outputs present in the hardware configuration, you need
to go to "Devices and Networks" in the project browser. In the work window, you must make

sure to be in the "Device view" tab and select the desired device [20].
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Figure II-5: Addressing 1/Os
11.3.5-API variables

= Symbolic and absolute addressing In TIA Portal, all global variables (inputs, outputs,
markers, etc.) have both a symbolic address and an absolute address.

= The absolute address represents the operand identifier (I, Q, M, etc.) and its address and
bit number.

= The symbolic address corresponds to the name that the user gave to the variable (e.g.
Start Button).

= The link between symbolic and absolute addresses is made in the API variable table.

* During programming, one can choose to display absolute addresses, symbolic
addresses, or both simultaneously [20].

I1.3.6-API variable table

It is in the API variable table that one can declare all variables and constants used in the

program. When defining an API variable, one must define:

= A name: this is the symbolic addressing of the variable.

= The data type: BOOL, INT, etc.
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= The absolute address: for example, Q1.5
= One can also insert a comment that provides information about this variable.
= The comment can be visible in each network using this variable [20].

I1.3.7-The Using of Tia Portal with the API S7-300

TIA Portal is a powerful engineering software for industrial automation that supports
various devices, including PLCs, HMIs, and drives. The software enables users to configure,
program, test, and diagnose automation systems efficiently. TIA Portal also integrates with other
Siemens software, such as SIMATIC WinCC for visualization and SCADA, and SIMOTION

SCOUT for motion control applications.

= Create a project: Open TIA Portal and start a new project by selecting the kind of
device to be used (in this example, API S7-300).

Figure II-6: Create a Project.

= Configure the device: After you have created a new project, you'll need to configure
the API S7-300 by entering hardware attributes like IP address, name, and
communication settings. You may accomplish this in TIA Portal by utilizing the "Device
Configuration" option.
We will first add the CPU, if you do not know the reference you can click on « PLC S7-
300 CPU 314C-2 PN/DP », then you can enter it later or the hardware configuration will
update when connecting with the said CPU.
We will add a CPU 314C-2 PN/DP 6ES7 314-6EH04-0AB0O
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Add new device
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Figure II-7: Configure device

By clicking on your API, you will see other tabs in the properties window. On the
“PROFINET Interface” tab and change the address: 192.168.0.1 to 192.168.0.10 and
leave the mask on: 255.255.255.0.

N
ﬂ T (> |d
| 6 Properties  |%iyInfo )| %

General ” 10 tags H System constants ” Texts |

General Subnet: | Not networked

Add new subnet | I

Ethernet addresses

Time synchronization

Operating mode IP protocol

-

Advanced options

Diagnostics addresses N (®) SetIPaddress in the project

ﬂaddre::: [ 192 .168 .0 . ]
0|

Subnet mask: | 255 . 255 . 255 . 0

[Juse router
—

Figure I1-8: 1% Step to configure device

Since nowadays we program with variables rather than absolute addresses, we must
specify the global variables of the API. With a double-click, open the API variables table

and enter, as shown below, the names of the inputs and outputs.
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Figure I1-9: 3™ Step to configure device
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Figure I1-10: 4™ Step to configure device

51|Page



Chapter 11 Industrial automation software

T4 Siemens - C:\Users\ESTECH\Desktop\™ Al 13_T05010113_2017\0113_2017

Project Edit View Inset Online Options Tools Window Help Totally Integrated Automation
i Y A XNEIXx o aMmER 9 S LR W § PORTAL
Accessible devices X |
Devices Options 3
5 0 =
R 2 - o H
Type of the PGIFC interface: PNIE B S
> L v Find and replace | *
- o PGPCinterface: W intel(R) 82579LM Gigabit Network Connecuon || €)1 N
“ e -
4
Accessible nodes of the selected interface .
Device Device type Type MAC address
plc_1 $74200 i  286336498A05 |
| Flesh LED
Online status information
"1 Retrieving device information. =
@ Scan and information retrieval completed
g s (| Display only error messages
2 o v
<[ >
» 39 Card ReaderiUse memory E £ancel v | Languages & res...
> | Details view g Properties  [*LInfo 1| % Diagnostics < >
4 Poral view % Moject0113.2017 opend

Figure II-11: 5™ Step to configure device
= Program the device: Once the device is up-to-date, you can program it using the
integrated programming environment in TIA Portal. This environment provides an easy-
to-use interface for developing, revising, and testing PLC programs.
» Programming blocks: In SIEMENS API programming, the program structure
is organized into 4 different types of blocks:
1. Organization blocks.
2. Function.
3. Functional block.
4. Data block.
= Test and simulate: The TIA Portal provides a simulation tool that allows you to test
your software before deploying it to a real device. This function is very helpful for
testing complicated systems and reasoning.
= Download and Deploy: After testing and simulation, you may use the "Download"
option in TIA Portal to download the application to the API S7-300. This capability lets
you transmit the application from TIA Portal to the device through a network connection
[21].
TIA Portal is an excellent software program for industrial automation that provides users
with a comprehensive set of tools and features for configuring, programming, and testing
automation systems. Its integration with other Siemens software and its user-friendly interface

make it an essential tool for engineers and technicians in the automation [21].
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Figure I1-12: Tia Portal Interface

11.3.8-The Advantages of Tia Portal Software

The TIA Portal software provides several benefits for industrial automation. Among these

benefits are the following:

Efficiency: Because of the effective use of technical resources and a uniform user
interface across all components, TIA Portal provides for speedier development and
commissioning of automation systems.

Flexibility: Flexibility is provided by the software by allowing function customization
and access to a range of programming languages, including ladder logic, structured text,
and function block diagram.

Remote access: TIA Portal enables for remote access to the automation system,
allowing for remote monitoring and troubleshooting.

Engineering Simplified: TIA Portal delivers a complete and integrated engineering
environment that simplifies automation activities by allowing users to easily configure,
program, and commission automation systems. The program provides a variety of
libraries, predefined templates, and wizards that simplify the setup and maintenance of
automation systems.

Scalability: The TIA Portal software is designed to handle automation systems of

varying sizes and complexity, making it suitable for usage in a variety of sectors such
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as automotive, food and beverage, and pharmaceuticals. It is adaptable and may be
scaled up or down to meet the requirements of the application.

* Integration: TIA Portal is designed to function in tandem with other Siemens
automation solutions, making it simple to integrate with other hardware and
applications. This connection allows customers to build a full solution that fulfills the
specific requirements of their application.

=  User-Friendly Interface: TIA Portal offers an easy-to-navigate and use interface that
is suitable for both expert and novice users. The program has a drag-and-drop interface,
real-time diagnostics, and graphical representations of automation systems to help users
see and diagnose problems.

= Saving time and effort: The TIA Portal minimizes the time and effort necessary to
configure, program, and commission automation systems. The software's user-friendly
interface, pre-configured templates, and wizards accelerate the engineering process,
lowering time to market and improving productivity.

= Safety: The TIA Portal provides several safety measures that aid in the safe running of
automation systems. The program complies with international safety standards and
allows users to rapidly and simply build and execute safety functionalities.

* Maintenance: The TIA Portal has comprehensive diagnostic capabilities that allow
users to easily discover and rectify automation system faults. The program gives real-
time feedback and thorough information on system performance, assisting in the

reduction of downtime and maintenance costs [20].

I1.4-LabVIEW

I1.4.1-Software Description

LabVIEW is a graphical programming language-based development environment. Since
graphical representations are a more natural design notation for engineers and scientists than
textual coding, this method of application development significantly reduces the learning curve.
Tools and functionality are available through interactive palettes, dialog boxes, menus, and
hundreds of VIs (virtual instruments). These VIs can be dragged and dropped onto a block
diagram to specify the behavior of the application being built.

This point-and-click method drastically reduces the time it takes to go from basic configuration
to the final result. The LabVIEW graphical language provides scientists and engineers with a
simple approach to creating measurement and control applications. The language is not only

easy to learn and use but also provides the performance required for complex applications [22].

54| Page



Chapter 11 Industrial automation software

Textual Math Dataflow Simulation Statecharts
¢=0.285 +0.013; v A - Control Honitor
[X Y] = meshgrid(x, y). o, 0—-——; ._L..*
2= Aty " o e EE | e | [ e
e, Mol

sl { i

i LabVIEW

Graphical System Design Platform

MPU, MCU & DSP FPGA Real Time N-Core PCw/GPU Blade Servers

Reconfigurable hardware High Performance Computing

Figure I1I-13: LabVIEW
I1.4.2-Understanding Virtual Instruments (VI)

LabVIEW programs are called Virtual Instruments (VIs). This is because their
appearance and mode of operation are similar to that of physical instruments such as
oscilloscopes or multi-meters, for example. Each VI uses functions that manipulate user-
facing inputs or other sources and displays the results of processing or record them in result

files or on other computers. A VI contains the following three elements:

= Front panel: Serves as the user interface.

= Block diagram: Contains the source code in a graphical form that defines the VI's
functionality.

= Icon and connector panel: Identifies the VI so that you can use the VI in another VL.
A Vlinside another VI is called a sub VI. A sub VI corresponds to a subroutine (or
function) in a text-based programming language such as C.

11.4.3-Origins of LabVIEW

LabVIEW, short for Laboratory Virtual Instrumentation Engineering Workbench, is a G-
language development environment. Note that it is written as LabVIEW, not LabVIEW or
LabVIEW, etc. It was first created in 1986, initially for Apple Macintosh, which was one of the
only computers at the time offering a native graphical user interface. The history of LabVIEW
explains its specific vocabulary and certain actions. Originally, LabVIEW ran on black and
white screens, then on screens with 16 colors, 256, etc. LabVIEW is a proprietary development
environment (as opposed to an open environment, allowing multiple people to develop
compatible compilers, such as C/C++, Ada, Java, FORTRAN, etc.) developed and sold by the
company National Instruments (NI). NI's primary business is to manufacture acquisition

hardware (notably on the GPIB protocol in the early 1980s) quickly for the microcomputer
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market (IBM PC, Apple Macintosh). Thus, the first version of LabVIEW aimed to provide a
development environment whose role is to allow the user to simply create virtual instruments
(VD) using NI acquisition hardware to reproduce on a microcomputer the behavior of a

customized and customizable instrument at will [22].
11.4.4-The concept of a virtual instrument

The basic idea is to use an acquisition card or acquisition device, whose role is to acquire
an electrical signal from the outside, usually a sensor (thermocouple, flow meter, voltmeter,
etc.) or a set of sensors, perform processing, recording in a file or database, restitution on the
screen via a graphical interface, and possibly perform a set of actions on the outside world using
actuators (solenoid valve, motor, etc.). The possible variations are infinite depending on the
needs and their evolutions. The advantage of the virtual instrument over the real instrument is
undeniable since it is up to the virtual instrument programmer (therefore... you...) to evolve the

virtual instrument according.
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Figure I1-14: Virtual Instrument
11.4.5-Getting Started

When launching LabVIEW, the startup screen allows you to start all the operations offered by

this development environment to create a new program, select "Empty VI".
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Figure II-15: Startup Screen of LabVIEW

LabVIEW uses the name VI (Virtual Instrument), pronounced in English as "vee-eye", for

programs and sub-programs.

Programs or sub-programs will have the ".vi" extension and will therefore be named VI.

We will see that there is little difference between a program and a sub-program, so we may

sometimes specifically use the term "sub-VI" for sub-program, but this will not always be the

case. On the startup screen, the left part allows you to create or open a VI or project

11.4.6-LabVIEW Environment

LabVIEW is centered on the concept of a virtual instrument (VI). It is divided into two parts:

Figure II-16: LabVIEW Parts
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11.4.6.1-Front Panel

The front panel is the user interface and consists of:

= Controls.

= Indicators.

= Controls: Simulate the inputs of virtual instruments and provide data to the block
diagram.

= Indicators: Simulate the response of instruments and display data acquired or
generated by VI’s.
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Figure 1I-17: Front Panel

11.4.6.2-Block Diagram

The block diagram is responsible for connecting inputs and outputs as well as the various

functional elements of the program. It consists of:

= Nodes: Objects on the block diagram that have inputs and/or outputs and perform
specific tasks when VI runs. They are equivalent to functions in text-based languages.

= Terminals: Objects on the front panel that appear as terminals on the block diagram.
Terminals are communication ports between the front panel and the block diagram that
reflects the data type of the control or indicator. They are equivalent to parameters and
constants in text-based languages.

=  Wires: Terminals and nodes are connected by wires to transfer data within the
diagram. Each wire comes from a single source but can be distributed to multiple VIs
or functions intended to process them. Wires are analogous to variables in text-based

languages.
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= Structures: More commonly known as LOOPS. Like many languages, a program can
only be efficient with iteration mechanisms. In the case of LabVIEW, the most
commonly used structures are loops.

= Loops: For and While.

= Conditional structures.

= Sequence structures: These are specific to LabVIEW and determine the order of

execution of certain parts of the code.
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Figure I1-18: Block Diagram

11.4.6.3-Tools

* Front Panel and Block Diagram Toolbars: The toolbars provide access to tools for

running and presenting the program.
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Figure II-19: Front Panel, Block Diagram Toolbars
= Palettes: LabVIEW palettes provide tools for creating and editing the front panel or
block diagram. There are three palettes:
» Tool palette: The tool palette exists on the block diagram and front panel. It
allows for modifying values, and colors, as well as wiring inputs and outputs

of icons together, setting breakpoints, probes, etc.
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» Control palette: The Control palette is only accessible from the front panel. It

allows for the creation of all types of controls and indicators. Each icon in the

palette corresponds to a category that opens a secondary window containing all

the elements related to that category that can be used on the front panel, such as:
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Figure 11I-20: Control Palette

» Function palette: The Function palette is only accessible on the diagram. It

allows you to create all of LabVIEW's functions. Each icon on the palette

corresponds to a section that provides access to a secondary window containing

all of the elements related to that section that can be used on the diagram, for

example:

X/
o0

Structures.

Numeric operations.

Logical operators.

Comparisons.
Time functions.
Input/Output.

Acquisition.

Signal processing.
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11.4.6.4-The Context Help Window

Provides information about the object located under the mouse cursor, which can be information
about the nature of a connection, the type of data to be provided to an indicator, and the

operation of a sub-VI or a function.
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Figure I1-21: Help Window
11.4.6.5-Data types used in LabVIEW

Like the vast majority of programming languages, LabVIEW has a wide range of variables
(signed integers, unsigned integers, floating-point numbers, Booleans, strings, etc.). To identify

them more easily in the diagram, each family of variables has a specific color.
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Figure II-22: Data Types
11.4.7-The Advantages of LabVIEW

= Graphical Programming: LabVIEW is a graphical programming language that allows
users to program using a graphical user interface instead of traditional text-based

programming. This feature makes it easier for non-programmers to use and understand.
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* Modular Programming: LabVIEW allows users to create modular programs that can
be easily reused in different projects, saving time and effort.

= Data Acquisition: LabVIEW has powerful tools for data acquisition, including support
for multiple data types, real-time data processing, and the ability to interface with a
variety of hardware devices.

= Analysis and Visualization: LabVIEW provides powerful tools for data analysis and
visualization, including advanced graphing and charting capabilities, statistical analysis
tools, and the ability to create custom reports.

= Integration with other Software: LabVIEW can easily integrate with other software
tools, such as MATLAB and Microsoft Excel, allowing users to import and export data
between programs.

=  Community Support: LabVIEW has a large community of users and developers who
provide support and share their expertise through online forums and resources.

= Easy to Learn and Use: LabVIEW has a graphical programming language that is
intuitive and easy to learn, even for those with little or no programming experience.

= Compatibility: LabVIEW is compatible with a wide range of hardware devices, making
it a versatile option for many different applications.

= Real-Time Applications : LabVIEW is well-suited for real-time applications, as it
allows for data acquisition, signal processing, and control to be performed in real-time
[23].

LabVIEW is a powerful tool for industrial automation that provides users with the ability to
quickly develop complex programs, analyze and visualize data, and integrate with other

software tools [23].
I1.4.8-Integration of LabView with the API S7-300

LabVIEW can be integrated with the API S7-300 to monitor and control industrial
processes. The integration can be achieved using the LabVIEW Real-Time Module and the
LabVIEW Data logging and Supervisory Control (DSC) Module.

The LabVIEW Real-Time Module provides a development environment for creating real-time
applications that can run on a real-time operating system. This module includes a set of VIs
(Virtual Instruments) that allow users to communicate with the S7-300 PLC over Ethernet or

serial communication protocols.
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The LabVIEW DSC Module provides a set of VIs for data acquisition, logging, and supervisory
control. It also includes a built-in OPC server that allows LabVIEW to communicate with third-

party devices, such as the S7-300 PLC, using the OPC protocol.

By integrating LabVIEW with the API S7-300, users can create custom HMI (Human-Machine
Interface) applications that allow operators to monitor and control industrial processes in real-
time. They can also perform data logging and analysis, create custom reports, and implement

advanced control algorithms to improve process performance and efficiency [24].
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Figure 11I-23: LabVIEW with API S7-300 via Ethernet (TCP)

11.4.9-Examples of Industrial Automation Applications Using LabVIEW

= Manufacturing: LabVIEW can be used to monitor and control production lines in
manufacturing plants. It can also be used for quality control and to perform data
analysis to improve the efficiency of the production process.

. Aerospace: LabVIEW can be used in the aerospace industry to control the various
systems in aircraft and to monitor their performance. It can also be used for testing
and simulation of aircraft systems.

. Automotive: LabVIEW can be used to control the various systems in automobiles,
such as engine control, emissions control, and safety systems. It can also be used for
testing and validation of automotive components and systems.

o Energy: LabVIEW can be used in the energy industry for monitoring and control of
power generation systems, such as wind turbines and solar panels. It can also be used
for analysis of energy usage data to identify opportunities for energy savings.

= Medical devices: LabVIEW can be used to control and monitor medical devices,
such as MRI machines, CT scanners, and patient monitors. It can also be used for

data analysis to improve the performance of medical devices.
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Robotics: LabVIEW can be used to control industrial robots, such as those used in
manufacturing and assembly lines. It can also be used for testing and simulation of

robotic systems [24].
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Figure I1-24: Industrial IOT Solution using LabVIEW

11.4.10-Integration of LabVIEW with Tia Portal

The integration of LabVIEW with the TIA Portal can be achieved through the use
of the TIA Openness interface. TIA Openness is a set of software tools that allow
external applications to access and modify TTA Portal projects and data.

With the TIA Openness interface, LabVIEW can access and control the API S7-300
PLC in a TIA Portal project. This allows LabVIEW to perform tasks such as reading
and writing data to the PLC, controlling the PLC's operation, and responding to
alarms and events.

To use the TIA Openness interface in LabVIEW, the LabVIEW OPC Toolkit must
be installed. This toolkit provides the necessary tools and functions to communicate
with OPC servers, including the NI OPC Server.

Once the OPC toolkit is installed, LabVIEW can communicate with the NI OPC
Server to access the data from the API S7-300 PLC in the TIA Portal project. This
data can then be processed and displayed in LabVIEW's graphical user interface.
The integration of LabVIEW with the TIA Portal provides a powerful and flexible
solution for industrial automation applications. LabVIEW's graphical programming

environment allows for rapid development and customization of control and
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monitoring applications, while TIA Portal provides a comprehensive suite of tools

for PLC programming and configuration.
I1.5-NI OPC Server

I1.5.1-Description

NI OPC Server is a software program that allows data exchange between different
industrial devices and software applications. OPC (OLE for Process Control) is a standard
protocol that enables communication between industrial automation devices and software
systems, regardless of the manufacturer. NI OPC Server is an implementation of this protocol

and provides a reliable and secure way to transfer data between OPC clients and servers.

NI OPC Server can be used with the API S7-300 by configuring the server to communicate with
the S7-300 PLC using the OPC protocol. This allows for seamless data exchange between the

PLC and other OPC-compliant devices and software applications.

NI OPC Server is an essential tool for integrating different devices and software applications in

industrial automation and streamlining data exchange between them [25].
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Figure II-25: NI OPC Server
I1.5.2-The Advantages of NI OPC Server

NI OPC Server is a software program that enables the communication between various
devices and software applications in an industrial automation system. Some of the advantages

of using the NI OPC Server include:

* Interoperability: The NI OPC Server allows devices and software applications that
utilize multiple protocols to communicate and exchange data. This interoperability

allows various devices and software packages to operate together effortlessly.
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»= Real-time data access: The NI OPC Server allows for real-time data access to
various devices and software applications, allowing operators to monitor and
operate the system in real time.

* Scalability: As the automation system expands, the NI OPC Server is extremely
scalable and can be quickly upgraded to handle more devices and software
applications.

*= Easy configuration: The NI OPC Server provides an intuitive user interface that
makes it simple to configure and set up connections between devices and software
applications.

» Security: To secure the integrity and confidentiality of data exchanged between
devices and software applications, NI OPC Server includes sophisticated security
features such as encryption, authentication, and access control.

= Fault-tolerance: The NI OPC Server has fault-tolerance techniques that enable
ongoing operation even if a device or program fails.

NI OPC Server is a strong industrial automation technology that enables continuous connection

and data sharing between various devices and software applications [25].
I1.5.3-Integration of NI OPC Server with API S7-300

NI OPC Server can be integrated with the API S7-300 through a process known as OPC
UA (Unified Architecture). OPC UA is a communication protocol that allows for

interoperability between different industrial devices and systems.
To integrate the APT S7-300 with NI OPC Server, the following steps can be taken:

» Install and configure the NI OPC Server software on the computer that will be acting
as the OPC server.
= Connect the API S7-300 to the same network as the OPC server computer.
= Configure the API S7-300 to enable OPC UA communication. This can be done
through the TITA Portal software by configuring the OPC UA server settings.
* Configure the NI OPC Server to connect to the API S7-300. This involves specifying
the IP address and other relevant parameters in the server configuration.
= Once the connection is established, data can be exchanged between the API S7-300
and other devices or systems through the NI OPC Server using OPC UA.
The integration of the NI OPC Server with the API S7-300 allows for seamless communication
and data exchange between different industrial devices and systems. This can greatly enhance

the efficiency and effectiveness of industrial automation processes [26].
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COPC UA Client COPC UA Server

$7-300

[ Industrial Ethernet

UaExpert
PLC

Tags

OPC UA

4—g OPC UA Serverinterface

Figure II-26: NI OPC Server with API S7-300
I1.5.4-Integration of NI OPC Server with LabVIEW

LabVIEW can interface with many industrial automation devices, including the API S7-
300, thanks to the inclusion of NI OPC Server. This connection allows LabVIEW to read and
write data from and to the S7-300, as well as manage and monitor the process. To use the NI
OPC Server with LabVIEW, first, install the NI OPC Server on the computer. The NI OPC
Server must then be set up to connect with the S7-300. The LabVIEW OPC client must then be
installed, and the OPC server must be attached to the client. Once setup is completed, LabVIEW
will be able to access data from the S7-300 via the OPC server.

The integration of the NI OPC Server with LabVIEW provides various benefits, including a
simple and easy-to-use interface for LabVIEW users to retrieve data from the S7-300, real-time
data collecting and monitoring, and data analysis and visualization. Furthermore, this
connectivity provides greater versatility and scalability by allowing users to integrate numerous
automation devices with LabVIEW, allowing them to operate and monitor several devices at

the same time [26].

In the Next Example, LabVIEW Application 1 and LabVIEW Application 2 are on the same

computer. Normally they are located on 2 different computers in a Network.
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[NI OPC Servers]

Figure II-27: 2 Applications LabVIEW with NI OPC Server
11.5.4.1-NI OPC Server

A Demo version should be included with LabVIEW DSC Module or LabVIEW Real-Time
Module.

Use

= Search in Windows.
= Search for «OPC Serversy.

= Select «OPC Servers Configuration» [27].

Best match %

& OPC Servers Configuration
Desktop app

& OPC Servers Administration

Desktop app
Documents >
= LabVIEW OPC with NI OPC Servers.pptx
=] NI OPC Servers.htm
Folders >

NI OPC Servers

Figure II-28: Open NI OPC Server
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Configuration:

@ NI OPC Servers - Runtime — o x
File Edit View Tools Runtime Help
DS d2  Mme =9 5 @ =< | B
=-&p Channell Tag Name | Address | DataType | S... | Scaling | Description
] Device1 Tagl ROOD1 Word 100 None Ramping Read/Write tag used to verify client connection
=% Data Type Examples eflTagz KDOD1 Word 100 Nene Constant Read/Wiite tag used to verify client connection
=1- ™ 16 Bit Device EAT KOO0 Float 100 _Mone
G2) K Registers
L3 R Registers D?
-] S Registers
& 1 551 Devece Here you may create New OPC Tags.
27 K Registers
G2} R Registers H _cli
R 2 Just Right-click and select «<New Tag»
£ & Sirmulation Examples
- Functions
[&@ & < < >
_Date | Time | Source | Event ~
@ 0022016 15.45.43 NI OPC Servers... Runtime performing exit processing.
@ 10.02.2016 15.45.43 NI OPC Servers... Stopping Simulator device driver.
o 11.02.2016 12.24.02 NI OPC Servers... NI OPC Servers 2013
€@ 1022018 12.24.10 NI OPC Servers... Simulator device driver loaded successfully.
o 11.02.2016 122412 NI OPC Servers... Runtime service started.
[i JIEEE 122412 NI OPC Servers... Starting Simulator device driver.
0 1.02.2016 122402 Simulator Simulator Device Driver ¥5.11.262.0
o 11.02.2016 12.24.12 NI OPC Servers... Starting Simulater device driver.
@ 11022016 122412 NI OPC Servers... Starting Simulator device driver.
o 11.02.2016 122412 NI OPC Servers... Starting Simulator device driver.
€@ 12022016 08.33.15 NI OPC Servers... NI OPC Servers 2013
@ 12022016 08.33.20 NI OPC Servers... Simulator device driver loaded successfully.
& 12022018 08.33.21 NI OPC Servers.. Runtime service started.
@ 12022016 08.33.21 NI OPC Servers... Starting Simulator device driver.
o 12.02.2016 0g.33.21 Simulator Simulator Device Driver ¥5.11.262.0
& 12022018 08.33.21 NI OPC Servers... Starting Simulater device driver.
@ 12022016 08.33.21 NI OPC Servers... Starting Simulator device driver.
0 12.02.2016 08.33.21 NI OPC Servers.. Starting Simulator device driver. ~
Reaay Default User Clients: 0 Active tags: 0of 0
. .
Figure I1-29: NI OPC Server Configuration [27]
o
= Configuration Create New Tag:
]
File Edit View Tools Runtime Help
DEded YDEEF 9 & an X|E |
= i? Channell Tag Name Address Data Type | Sum | Scaling | Description
[ Device1 £ Tag RO001 Word 100 Mone Ramping Read/Write tag used to verify client connection
= i? Data Type Examples Eé'[agz K000 Word 100 Mone Constant Read/Write tag wsed to venify client connection
= 16 it Device & Temperature K0000 Float 100 None
[ K Registers
{3 R Registers Tag Properties x
[ 5 Regusters h
- B9 5eDerce G | Here | have createa
K Regist
% R Reg:t:”.
e = J0] New OPCT. lled
&) SRegisters Name; [T al ew dag calle
= i? Sirnulation Exarnples &1 a
Address: |KDOOD -
"1 Fuctons & I 1) x_,l «Temperature»
CFE _ 6|
! Data propedies 2
Date [ Time [ source [ Event baatpe [Fon =] ~
@ 9022016 1zmzr MIOPC Servers... NIOPCS
Quo2ne 120034 NI OPC Servers...  Simulatol Otert access: [Read/Wite =
@ o02206 12.09.36 NI OPC Servers... Runtime § r
Scanmte: (100 = milisacand
@oo0za016 120036 MI OPC Servers... Starting § - :
Ui Tl 12.09.36 Simulator imul MNote: The scan rate is anly used for chient spplications that do not
@mozms 12093 MIOPC Servers., Starting§ | 8pescify a rate when referencing this (ag fe.g., nan-OPC chents)
@ o022008 12,0936 NIOPC Servers.., Stating§
L i JetieRei 120936 NI OPC Servers... Starting §
B oame 154151 NI OPC Servers.. Runtime | QK I Cancel | Help
@ 00z22006 12.46.42 MNIOPC Servers... NI OPC Serverszor
Quonms 124650 NIOPC Servers... Simulator device driver loaded successfully.
€ 002206 124651 MNIOPC Servers... Runtime service started,
002206 12.46.51 NI OPC Servers...  Starting Simulater device driver.
@ w0206 12.46.51 Simulator Simulator Device Diriver V3.11.262.0
0 10.02.2016 124651 NI OPC Servers... Starting Simulator device driver,
Qe 124650 NI GPC Servers... Starting Simulstor device driver,
@ 02206 124651 NIOPC Servers... Starting Simulator device driver.
002206 154543 NI OPC Servers... Runtime performing exit processing. v
| Reacy Default User  Clients: 0 Active tags: 0 of D

Figure I1-30: NI OPC Server Create New Tag [27]
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11.5.4.2-N1I OPC in LabVIEW

You canuse LabVIEW as an OPC client by connecting to an OPC server
through a DataSocket connection.

Select URL

=] uTnddn_r:ssha o -~ OK |
The DataSocket palette in LabVIEW =
e DataSocket palettein La : . E) Contrpored Aksses
P Write Data to OPC J o
@+ Bucket Brigade

= 1 random
SR Ao v
Read Datafrom OPC [ - .- - >

URL: |opc://localhost/M strikon. OPC. Simulation/R andam. Int4

5 &—}—— Browse OPC Servers

DataSockst S... and OPC Items

DataSocket R... DataSocket ...
Open Connection :

to OPC Server

DataSocket O... DataSocket C...

Close Connection
to OPC Server

Figure II-31: NI OPC in LabVIEW [27]

NI OPC Write in LabVIEW: in this example LabVIEW Application 1 and LabVIEW

Application 2 are on the same computer. Normally they are located on 2 different
computers in a network [27].

[ NI OPC Servers }

. Read Data from OPC Server
Write Data to OPC Server

LabVIEW Application.1 - LabVIEW Application 2

Figure I1-32: NI OPC write in LabVIEW [27]
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= Write to OPC server using LabVIEW:
While Loop

DataSocket Select URL.vi
Bos

DataSocket Open
es]

DataSocket Write

[Numeric Control
DBLY -

m = T
Or specify URL directly: while Loop

opc//localhost/ DataSocket Write!

IMatrlkon.OPC.Slmula!ion,ll o]

Bucket Brigade.Reald Open [d Close

[ Write ]
Use the BucketBrigade Items— because they
can be used for both reading and writing HikL ®
Figure II-33: Writing in NI OPC server [27]
= Connect to NI OPC Server:
2} write to OPC Server.vi Front Panel - O X Write Tag U RL manua "y or
File Edit View Project Operate Tools Window Help H:I:H SeleCt Tag USing the
' [@] @[] 15pt Applicetion Font |~ | 3o~ |[%e <4 [P i «DataSocket Selct URL»
- e - A
[ OPC URL |
| " Select URL X
| opc://localhost/National Instruments.NIOPCServers.V5/
| Channell.Devicel.Temperature : 583 Channell ~ 0K
@0 _Statistics
S e e e o — / .0 _System Cancel
N’t;m:ric Control E't‘l g‘lﬂi;:ltem
=124 57 Tagl
e Tag — —
e
. Stop < T T = >
Browse host [ Refresh
< > ’ URL: |opc://‘localhost/Naimal Instruments. NIOPCServers V5/Channel 1. Dey

Figure I1-34: Connect to NI OPC server [27]

= NI OPC Server read in LabVIEW: in this example, LabVIEW Application 1 and

LabVIEW Application 2 are on the same computer. Normally they are located on 2

different computers in a network [27].

71| Page



Chapter 11 Industrial automation software

NI OPC Servers

Read Data from OPC Server
Write Data to OPC Server

LabVIEW Application #1 LabWEW Applicatien H2

Figure I1-35: NI OPC read in LabVIEW

= Read From NI OPC Server with LabVIEW:

While Loop

DataSocket Select URL.vi| [ iaSocket Open
Bos
b= [FResd <] | pn el & ,
o o umeric Control
@ e

DataSocket Close
==

1000}
- Soppenl

Or specify URL directly: While Loop

opc://localhost/ DataSocket Open DataSocket Close
Matrikon.OPC.Simulation.1/ o] ﬁ
Bucket Brigade.Real4 Open For - Close
INumeric Control
[+ Read ~] G|

i3]

Figure I1-36: Read from NI OPC [27]
=  Connect to NI OPC Server:

Write Tag URL manually or

B3 Read from OPC Server.vi Front Panel — m] X I . h
File Edit View Project Operate Tools Window Help I select Tag using the
= [10] [15pt Application Font |~ | S «DataSocket Selct URL»
- T T T T s smsmem s s P N A
[ opcurL 1
1 Select URL X
| | |epe/tocalnost/Nationa Instruments.NIOPCServers.Vs/ |
I Channel1.Devicel.Temperature 1 I &8 Channell ~ oK.
| | (£ Statistics —
—————————————————————— 4 i @0 _System nee
Numeric Control H = C—' é"'i‘ﬂ
[ _System
2 ¥ Tagi
| ST — —
i
SRS - ¥
H s < >
Browse huvl;l Refresh
v URL: [ope:/Aocalhost/National Instruments NIOPCServers.V5/Channel1.Dey|
< >

Figure I1-37: Read from NI OPC
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11.5.4.3-NI OPC and LabVIEW Simultaneously

In this example, LabVIEW Application 1 and LabVIEW Application 2 are on the same

computer. Normally they are located on 2 different computers in a network [27].

L NI OPC Servers J

. Read Data from OPC Server
Write Data to OPC Server

LabVIEW Application 1 LabVIEW Application 2

Figure I1-38: Reading and writing from NI OPC and LabVIEW in the same time

] £ Read from OPC Server.vi
File Edit View Project Operate Tools Window Help File Edit View Project Operate Tools Window Help
»|® [@n] eI ] !

OPC URL madls

opc:/flocalhost/National Instruments NIOPCServers.V5/

opc://localhost/National Instruments. NIOPCServers.V5/ H Channall.Devicel Temperature ‘ ’

Channell.Devicel. Temperature

—— =y

Numeric Control |

ri':}|23 |

— = — —

————
{ Numeric Control I

1@ )

\

- =

==~

Figure II-39: Running write client and read client simultaneously [27]

I1.5.5-Integration of NI OPC Server with Tia Portal
NI OPC Server can be integrated with TIA Portal using the following steps:

= Install the NI OPC Server on the computer that will act as the OPC server.
= Open the TIA Portal and create a new project.
= Add a new device to the project by selecting the "Devices" tab in the project view and

clicking "Add new device".
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Select the "SIMATIC S7-300" option and configure the device settings, such as the IP
address and communication parameters.

Add a new data block by right-clicking on the device in the project view and selecting
"Add new data block".

Configure the data blocks settings and variables, such as data types and addresses.
Open the NI OPC Server configuration utility and add a new OPC server connection by
clicking "Add new connection" and entering the connection parameters, such as the
server’s name and IP address.

Add anew OPC tag by selecting the data block and variables from the TIA Portal project
view and dragging them into the OPC server configuration utility.

Save the configuration changes and start the OPC server.

Finally, open the LabVIEW application and use the NI OPC Server API to connect to
the OPC server and access the data from the TIA Portal project.

With this integration, LabVIEW can communicate with the TIA Portal project via the NI OPC

Server, allowing for real-time data acquisition and control of the industrial process [26].

I1.5.6-Net to PLC Sim configuration:

Net To PLC Sim is a software tool connecting simulation software to external

programs/devices. The main advantages of this software are:

Acts as a bridge for data exchange between simulation software and external
applications.

Establishes virtual connections with third-party software/devices.

Supports communication protocols like OPC and TCP/IP.

Allows interaction with virtual PLC for realistic scenarios without physical hardware.
Enables testing and debugging of PLC programs without physical PLC or system

disruption.

In order to configure this software, the main PC must allow the usage of port 102 for this

software to work properly
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'h NetToPLCsim:s70 = O X
£ B Get Port 102 X

1 Step 5) Checking TCP Port 102...OK. Port 102 is available.
- Success! You are ready to use Net ToPLCsim :) B

Start Server 3¢ Add
Version 1.24.0 | Port 102 not available!
Figure I1-40: Getting Port 102.

After getting port 102 in check, we add a station and select a name of choice afterward, we

insert the network IPv4 main PC address and the PLC sim IP address (from the Tia portal).

Station X

Station Data
Name PLC#001

Network |P Address 192.168.130.75

Plcsim IP Address 192.168.0.10

Plesim Rack / Slot 0 v| [ |2 v
(] Enable TSAP check
Position of CPU
- §7-300: Always 0/2

- §7-400: 0/2 or from HWKonfig
- §7-1200/1500: Always 0/1

Cance

Figure II-41: inserting the network and Plc sim addresses
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I1.5.7-WIFI:

To share a Wi-Fi network using a phone hotspot, we employed a simple yet effective
method. First, we accessed the settings of a phone and enabled the personal hotspot feature,
transforming it into a mobile Wi-Fi hotspot. This allowed the phone to broadcast its own Wi-Fi
network, enabling other devices to connect to it. Once the hotspot activates, we obtained the IP
address associated with the phone's network. By navigating to the Wi-Fi settings on the device
of choice, we selected the network corresponding to the phone's hotspot and entered the
provided IP address. This allowed us to establish a successful connection and gain access to the
internet through the phone's network. This convenient approach allowed us to share a Wi-Fi
network seamlessly, providing connectivity to other devices without the need for a traditional

router.

Afterward, we obtain the main PC’s IPv4 address for the next part which allows us to create
a connection between two PCs (the main PC and the host PC), the figure below shows us
obtaining the IPv4 address:
Network Connection Details

Network Connection Details:

Property Value
Connection-specific DNS ...
Description Intel(R) Wi-Fi 6 AX201 160MHz
Physical Address 80-45-DD-A4-29-DC
DHCP Enabled Yes
IPv4 Address 192.168.130.75
ubnet Mas .202.220.
Lease Obtained May 22, 2023 9:15:21 AM
Lease Expires May 22, 2023 10:15:19 AM
IPv4 Default Gateway 192.168.130.193
IPv4 DHCP Server 192.168.130.193
IPv4 DNS Server 192.168.130.193
IPv4 WINS Server
NetBIOS over Tepip Enab... Yes
Link-local IPv6 Address fe80::628d:57d1:3eb8:13ce%8
IPv6 Default Gateway
IPv6 DNS Server

Figure I1-42: obtaining the IPv4 Address
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I1.6-Conclusion

In conclusion, this chapter provided a comprehensive overview of the software
programs used in our industrial automation system. We have described the main software
programs used, including Tia Portal, LabVIEW, and NI OPC Server. We described also their
features, advantages, and capabilities, as well as their integration with the API S7-300.
Additionally, we presented examples of industrial automation applications that use Lab VIEW.
We discussed the integration of the NI OPC Server with LabVIEW and the TIA Portal. It is
evident that software programs are essential in industrial automation as they provide efficient
and effective ways to design, monitor, and control industrial processes. The software programs
discussed in this chapter have shown great benefits in increasing productivity, reducing
downtime, and improving quality control. In the next chapter, we will discuss the hardware

components of industrial automation and their roles in industrial processes.
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II1.1-Introduction

In this chapter, we explore controlling an induction motor using LabVIEW from a main
PC and TIA Portal from a host PC, seamlessly connected through the NI OPC server. LabVIEW
serves as the main control interface on the main PC, allowing us to set precise control
parameters and operational parameters for the motor. Tia Portal, running on the second PC,
completes the system with advanced control features. The NI OPC Server acts as a bridge,
facilitating efficient communication and data exchange between TIA PORTAL and LabVIEW,
enabling synchronized control and monitoring of the engine system. Through simulation and
discussion of the results, we aim to better understand motor performance and behavior, using

the integrated control setup for industrial applications.
II1.2-Programming

I11.2.1-Specifications

The motor is turned off in the program's initial state, rendering all elements inactive. The

program serves three primary purposes, outlined as follows:

=  Motor Control: The motor is regulated through a variable speed drive, utilizing three
buttons: forward, reverse, and ON/OFF.
= Button Functions: The forward, reverse, and ON/OFF buttons are responsible for
commanding the motor's movement, and determining its direction.
= Speed Adjustment: The variable speed drive offers the capability to finely tune the
motor's rotational velocity, enabling precise control over its speed.
The proposed configuration ensures the control of the motor in a precise and efficient way

(movement and variation of the speed of the motor).
I11.2.2-Tia Portal

In this scenario, TIA Portal ladder programming is leveraged to control a motor via a
variable speed drive and a trio of buttons. The forward, reverse, and ON/OFF buttons assume
the role of controlling the movement of the motor. Leveraging intuitive ladder logic, the
program orchestrates seamless switching between forward and reverse directions, while the
variable speed drive adjusts the rotational speed of the motor. Incorporating these elements into
the TIA Portal framework allows us to effortlessly control and manipulate motor behavior,

enabling precise and efficient motor control operations.
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I11.2.2.1-Program Creation

In any program, it is necessary to define the list of variables that will be used during

programming. For this purpose, a variable table is created to store system variables.

Table III-1: variable table

Name Tag table Data type Address

1 INDICATOR_F Table de variables Bool %Q1.0
standard

2 REVERSE Table de variables Bool %M1.1
standard

3 INDICATOR_R Table de variables Bool %Q1.1
standard

4 SPEED Table de variables Real %MD14
standard

5 LIMIT_SP Table de variables Real %MD20
standard

6 ON/OFF Table de variables Bool %M1.2
standard

7 Tag 5 Table de variables Word %MW2
standard

8 VOLTAGE Table de variables Integer  %QW200
standard

9 STOP Table de variables Bool %Q1.2
standard

10 FORWARD Table de variables Bool %M1.0
standard

11 INDICATOR_ON- Table de variables Bool %Q1.3

OFF standard

I11.2.2.2-Program in Contact language

= The system control program is written in distributed contact language across six
networks, with each network representing a sequence. The program consists of the
following networks:

= Network 1: Forward Control
- Network 1:

WM1.0 Q1.2 %011 Q1.0
"FORWARD" “INDICATOR_R" “INDICATOR_F*

} 1 1 { }

Figure I1I-1: Network 1
= Network 2: Reverse Control
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v Network 2:

M1 %012 Q1.0 Q1.
“REVERSE" “STOP* “INDICATOR_F* “INDICATOR_R"
1 1 1 1
| 1T l/: l/: { }

Figure I1I-2: Network 2

=  Network 3: ON/OFF Mechanism

- Network 3:

%M1.2 %0Q1.2
*ON/OFF* "STOP"
1 1 { 1
11 | ! r

Figure I1I-3: Network 3

= Network 4: Variable Speed Drive Mechanism Move Function

- Network 4:

“MmD14
"SPEED MOVE
<= |
—l Real | EN ENO
430.0 “MD14 WM D20
“SPEED" IN ouT! “LIMIT_SP"

Figure I1I-4: Network 4

= Network 5: Variable Speed Drive Mechanism Unscale Function

v Network 5:

UNSCALE
EN ENO
%MD20 w2
"LIMT_SP" — |N RET_VAL — "Tag_5"
430.0 HI_LIM WQW200
( LO_LIM OUT — "VOLTAGE"

%M1.2
"ON/OFF* = BIPOLAR

Figure III-5: Network 5
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I11.2.3-LabVIEW program

For efficient motor control, the TIA Portal is linked through the NI OPC server, to the
LABVIEW. A set of essential components is required. These include LabVIEW buttons, lights,
knobs, and bound variables. LabVIEW buttons serve as intuitive interfaces for controlling
motor motion, providing options such as forward, reverse, and start/stop functionality. LEDs
provide visual feedback on motor status, providing real-time monitoring. Knobs allow fine
adjustment of motor parameters, such as speed and/or frequency. Bound variables facilitate
transparent communication between LabVIEW and the TIA Portal, ensuring synchronized
motor control operations. With this setup, we can harness the power of LabVIEW and TIA

Portal, leveraging NI OPC servers for seamless motor control and monitoring.
I11.2.3.1-Wiring and bound contact

The wiring and bonding program is divided into two sections the Inputs and the Outputs, with

each section representing a sequence.
The sections are:

= Section one: Inputs (Push Buttons, Knob)

FORWARD
B

ON/OFF
"I>'

REVERSE

Figure III-6: The Input Section
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Section two: Outputs (LED’s ,Display)

I?![!ﬂlND|CATOR-FI; ................... D
1=
>
?!; ........................................ IZ)
Hz
pli2z

INDICATOR_F

(o]

INDICATOR_ON/OFF

INDICATOR_REVERSE

1]

Figure III-7: The Output Section

II1.3-Program Simulation

I11.3.1-TIA Portal

Once the programs are developed, TIA Portal enables their simulation through its PLC

SIM extension. The simulation process involves

compiling the programs and loading them into

the simulated controller using the simulation toolbar located at the top of the window. This

allows us to test and validate the functionality of the programs within a simulated environment,

ensuring their proper execution before actual implementation. TIA Portal's simulation

capabilities provide a valuable tool for troubleshooting and optimizing program performance.

The following actions are launched on the Host PC:

Compiling

Connection with plc

e
y_-l-l/*m’[ﬂ_u

m\l,?r o Goonline &¥
SA

Download to device Simulation

Go offline ﬁ‘} [E [E x - J_.
—~

Interruption

Figure III-8: Tia portal simulation bar
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Before simulating the program, we load the program to the device.

Load preview

X
9 Check before loading
Status ! Target Message Action
4 & ~ rc Ready for loading.
o Simulated module The download will be performed to a simulated PLC.
(v} » Software Download software to device Consistent download
\ < | i m
| Refresh ‘
‘ ‘ Load | | Cancel ‘
Figure I1I-9: Program loading
The next part is downloading the program to the device
xtended download to device X
Configured access nodes of “PLC_1"
Device Device type Slot Type Address Subnet
PLC_1 CPU 314C2PNIDP 2 X2 PNIIE 192.168.0.10 PNAE_1
CPU 314C2PNIDP 2 X1 MPI 2
Type of the PGIPC interface: @ _PNIE o [~
PGIPC interface: |W PLCSILLy © g
Connection to inte irectatzlot 2 X2° [+] ®

Compatible devices in target subnet: [)show all compatible devices

Device Device type Type Address Target device
- Unzpecified CPU ... PNAE 192.168.0.10 -
- — PNIIE Access address —

Startsearch
Online status information:

84 Scan and information retrieval completed.

v
["|Display only problem reports

toad || cencel |

Figure III-10: downloading to device
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Next, we start the simulation and launch the PLC Sim

OTOR CONTRO p 3 4 PN/DP Program blo = OB

Devices Options 5
EHOO Plidss s EAECEr@:EN a3 % &[T B = :3
A v 8
PL' 1] A~ ale
'jnmw = -k ik == {7 = T PLC_1 [CPU 31 H]
R onl.. |+ MNetwork1: [a] B = J8
~grogr. @|F W RN o
‘A Comment ]
=0 @ sTOP &
%W1.0 Q1.2 L7 R %010 - El
Posy. @ *FORWARD" *sT0P" *INDICATOR_R" *INDICATOR_F* FoRE  wg|=
» [ Tech.. N v W+ I Fee—nt ¢ m] E
» (i Exter.. ~ | Call environ...
= R e g
v | Details view - 2z
Comment
Name |
¢! Online & diagnostics [« | w1 Q1.2 Q1.0 Q1.1
E Program blocks I1 “REVERSE' *sTOP* “INDICATOR_F* “INDICATOR_R"
L
[ Technology objects it A A e
&} External source files
@ PLC tags =
&) PLC data types
N 100% o IFrTeY, erroTer]

Figure I1I-11: Starting the simulation and monitoring

@ S7-PLCSIMA  Station S57300/ET200M_1\PLC_1

File

Edit View Insert PLC Execute Tools

|
O

Window Help

X = &
' !
saueiqn) El

DEES [pesmTep ~| ¢ 0 BB« Eeaaaaa gaan W valr

Figure I1I-12: Starting the PLC SIM

II1.3.2-Net to PLC Sim

Next, we create our virtual link between the TIA Portal and the NI OPC Servers using

the Net to Plc Sim software. In this part, we use the Host PC’s IPv4 address and the PLC sim

IP address that we obtain from the Tia Portal this process is launched in both: the main PC and

the Host PC
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% NetToPLCsim::s70 = O Y

File Tools Help

Name Nepwinde addesas Dlosion addenaa Rank /Qlad Qiabiie Tyy
— Station X
B7 AM Ap
Station Data
Name PLC#001 b 7AM Ap
Network reachable PLC X

Network IP Address 192.168.130.75
Network reachable Plcsim PLCs

EENE i M 192.168.0.10 - [57-300 CP:192.168.0.10
. PesmRack/St 0 v / 2
Start Server tq () Enable TSAP checl
| Position of CPU
Version 1.2.4.0 | Port 102 ¢ - g7-300: Aways 0/2
» - §7-400: 0/2 or from H\
- §7-1200/1500: Always
E »
OK
3 » —
OK Cancel
ishots

Figure III-13: Configuration of Net to PLC Sim
I11.3.3-NI OPC Servers:

Afterward, we launch our NI OPC Server Quick Client on both the main PC and the

Host PC. This part has to be maintained in order to keep the link going between the two PCs.

12 NI OPC Servers - [C:\Program Files (x86)\National Instruments\Shared\NI OPC Servers\projects\simdemo.opf] (Demo Expires 01:58:54)
File Edit View Users Tools Help

DEH@MLUOE ~ + 2EX 20

-f Random ag Name | Address Data Type Scan Rate Scaling Description
M sine " |@rorwar M0 Boolean 100 None
M User AINDICAT.. Q1.0 Boolean 100 None
=42 Channel_1 AINDICAT... Q1.3 Boolean 100 None
M Device_1 €AINDICAT.. Q1.1 Boolean 100 None
m Device 2 AON OFF M1.2 Boolean 100 None
6P Channel 2 ¢AREVERSE  M1.1 Boolean 100 None
- HASPEED MD14 DWord 100 None
@ﬂ De'vllct;_?; HSTOP Q1.2 Boolean 100 Neone
= annel_:
m Device 4
B 4}7 Channel_4
m Device_5
m Device_6
=-%” MOTOR CONTROL
MEED

Figure III-14: Launching the NI OPC Servers Quick Client
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% OPC Quick Client - Untitled *
File Edit View Tools Help

D e $BEX

(Z3 Channel_3.Device 4. Syste Item ID Data Type Value Timestamp | Quality Update Count
----- {3 Channel 4. System @JIMOTOR CONTR...  Boolean 0 20:11:06:407 Good 1
----- {Z3 Channel 4.Device 5 @JMOTOR CONTR... Boolean 0 20:11:06:407 Good 1
----- {@@ Channel_4.Device_5._Syste €JMOTOR CONTR... Boolean 0 20:11:06:407 Good 1
----- [E3 Channel_4.Device_6 €IMOTOR CONTR... Boolean 0 20:11:06:407 Good 1
[E Channel_4.Device_6._Syste CIMOTOR CONTR... Boolean 0 20:11:06:407 Good 1
[E3 MOTOR CONTROL._Syster €IMOTOR CONTR... Boolean 0 20:11:06:407 Good 1
4’3 | ©IMOTOR CONTR... DWord 0 20:11:06:407 Good 1
(83 MOTOR CONTROL.S7-300 €IMOTOR CONTR... Boolean 0 20:11:06:407 Good 1

Figure III-15: NI OPC Quick Client

If the Quality of the server is ‘good’ as shown in the previous figure in the NI OPC Client then
the connection between TIA Portal and the NI OPC server is working properly.

I11.3.4-LabView

After creating the connection between the Tia Portal and NI OPC servers, we complete

the link by launching the LabVIEW Simulation, this action is done on the Main PC Only.

Eile Edit View Project Operate Tools Window Help

)«0'@-‘ C @ { 15pt Application Font |~ ”gpv”’-ﬁ:v”Wv”ﬁhl

Figure I11-16: LabVIEW simulation bar

13 Deploy.. X
Deployment Status

Deploying attempt2.Ivlib:STOP \\192.168.91.75\attempt2\

STOP deployed.

Deploying attempt2.Ivlib:FORWARD \\192.168.91.75\
attempt2\FORWARD deployed. |

Deployment Progress

[ Close on successful completion

Figure I1I-17: Launching the LabVIEW
I11.4-Results

After creating the Link between the Main Pc and the Host PC we can now View and

maintain the results.

The PLCSIM application and the LabVIEW have allowed us to simulate the operation
of an S7-300 programmable logic controller. We can test our control programs using LabVIEW

without the need to connect the S7-300 to the hardware. PLC SIM provides a graphical user
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interface that allows us to visualize and modify variables in the control program, execute the
simulation CPU in single-cycle or continuous-cycle mode, and modify the operational state of

the simulation APL

Then we have the LabVIEW that can actually show us the results of our several actions

that are listed below.

Please note that the Host PC is equipped with the TIA Portal and has the virtual link
activated (NI OPC Servers plus the Net to PLC sim), while the Main PC is running LabVIEW
and has the virtual link enabled.

IP : 192.168.130.75

IP : 192.168.130.75 IP Machin:192.168.0.10

SubNet:255.255.255.0 SubNet:255.255.255.0

NI OPC Servers

—

b

LapTop (Main) LapTop (HOST)
Computer Hosting Computer Hosting
LabVIEW, NI OPC TIA Portal , NI OPC
NetToPLCsim NetToPLCsim

Figure I1I-18: Actual Network Configuration

= First action: The device is currently in an active state of "ON" without any further

actions being performed.
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Figure III-19: First action

Upon the initial deployment of the program, in the primary stage, a marginal adjustment in the

update count becomes apparent on the NI OPC Quick Client.

Figure I1I-20: First action: count update

Item ID | Data Type | Value | T . | Quality | Update Count |

©MOTOR CONTROL.57-300.FORWARD Boolean 0 21:00:17:039 Good 3

€IMOTOR CONTROL.S7-300.INDICATOR-F Boolean 0 21:00:17:039 Good 3

€IMOTOR CONTROL.57-300.INDICATOR-ON-OFF  Boolean 0 20:11:06:407 Good 1

€IMOTOR CONTROL.S7-300.INDICATOR-R Boolean 0 20:11:06:407 Good 1

€IMOTOR CONTROL.S7-300.0N OFF Boolean 0 21:20:16:482 Good 3

€IMOTOR CONTROL.57-300.REVERSE Boolean 0 20:11:06:407 Good 1

@MOTOR CONTROL.S7-300.SPEED DWord 0 21:20:18:79 Good

EIMOTOR CONTROL.S7-300.STOP Boolean 0 21:20:16:482 Good é

We have observed a significant increase in the update count for the SPEED variable primarily

due to the device operating at its lowest speed setting.

= Second action: In this scenario, we adjust the variable speed device knob to a higher

setting (750 Rpm) in order to discern the distinction between the lowest position and an

elevated position.

Figure III-21: Second action

We notice a change in the Hz display (26.2238).
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Item ID Data Type l Value I Timestamp I Quality l Update Count
€IMOTOR CONTROL.S7-300.FORWARD Boolean 0 21:00:17:039 Good 3

@MOTOR CONTROL.S7-300.INDICATOR-F Boolean 0 21:00:17:039 Good 3

€IMOTOR CONTROL.S7-300.INDICATOR-ON-OFF Boolean 0 20:11:06:407 Good 1

@IMOTOR CONTROL.S7-300.INDICATOR-R Boolean 0 20:11:06:407 Good 1

€IMOTOR CONTROL.S7-300.0N OFF Boolean 0 21:20:16:482 Good 3

@IMOTOR CONTROL.S7-300.REVERSE Boolean o 20:11:06:407 Good

@IMOTOR CONTROL.S7-300.5PEED DWord 21:43:10:821 Good @
€IMOTOR CONTROL.57-300.5TOP Boclean 0 21:20:16:482 Good

Figure I1I-22: Second action: update count
In the second action, we can see that the value has changed in Quick Client and so has the
Update count.

v Network 4:

16%2EE
“MD14
*SPEED" e
!A { EN ENO
1430.0 16%2EE 16%2EE
WMD14 D20
"SPEED" — N QUT! — "LIMIT_SP*

Figure III-23: Move function in the second action

The value of 750 Rpm is observed in the speed input of the Move function "#2EE," which will
now be transmitted to the Unscale Function for conversion into its corresponding value of

26.2238 Hz. This value will then be displayed.

- Network 5:

UNSCALE
EN ENO
16&2EE 16#0000
“%MD20 M2
"LIMIT_SP" — | RET_VAL — "Tag_5"
e =: — HI_LIM o
0.0 = LO_LIM %UQW200
— "VOLTAGE"
FALSE atn © :
YM1.2
"ONIOFF" ==|BIPOLAR

Figure III-24: Unscale function in the second action

Third action: In this particular scenario, our objective is to deactivate the system by engaging

the ON/OFF button while maintaining the knob at its previous setting of 750 Rpm.
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Figure III-25: Third action

We have observed that the indicator ON/OFF is actively enabled in both LabVIEW and
network 3, while no activity is detected on networks 4 and 5, and the Hz display does

not show any value.

- Network 3:
Comment
WM1.2 Q.2
“ONIOFF* “STOP*
] L ! \

‘ LI ] LI

Figure III-26: Network 3

In the update count, all values are in a "0" state, except for the "ON/OFF" and "Stop" tags.

tem ID | Data Type [ value [T p [ Quality | Update Count [
CIMOTOR CONTROL.57-300.FORWARD Boolean 0 21:00:17:039 Good 3

IOTOR CONTROL.S7-300.INDICATOR-F Boolean 0 21:00:17:039 Good 3
OTOR CONTROL.S7-300.INDICATOR-ON-OFF ~ Boolean 0 20:11:06:407 Good 1
CIMOTOR CONTROL.S7-300.INDICATOR-R Boolean 20:11:06:407 Good 1
€IMOTOR CONTROL.S7-300.0N OFF Boolean @ 22:01:47:751 Good 4
IOTOR CONTROL.S7-300.REVERSE Boolean 20:11:06:407 Good 1
IOTOR CONTROL.S7-300.SPEED DWord 0 22:01:47:751 Good 26
OTOR CONTROL.S7-300.STOP Boolean O 22:01:47:751 Good 4

Figure I1I-27: Third action update count

= Forth action: In this procedure, we deactivate the ON/OFF switch while
simultaneously engaging the forward button and adjusting the variable speed drive knob
to an elevated setting (1090 Rpm).
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Figure III-28: Forth action

It is evident that INDICATOR F is in an active state, as observed in network 1, with the Hz
display indicating a new value of 38.1119 (Figure I11.27).

¥  Network1:
Comment
W10 Q1.2 Q1. Q1.0
“FORWARD" “STOP* “INDICATOR_R" “INDICATOR_F*

‘ | i/ 4 { }

Figure I11-29: Network 1

We also notice that there have been changes in both the number of updates and the value of the

fast client.

tem ID | Data Type | Value | Timestamp | Quality | Update Count |

€IMOTOR CONTROL.S7-300.FORWARD Boolean 22:24:17:176 Good 5
€MOTOR CONTROL.S7-300.INDICATOR-F Boolean 22:2417:176 Good 5
€IMOTOR CONTROL.57-300.INDICATOR-ON-OFF  Boolean 22:23:41:803 Good

€IMOTOR CONTROL.S7-300.INDICATOR-R Boolean 0 22:23:41:803 Good 1
@MOTOR CONTROL.57-300.0N OFF Boolean 0 22:23:41:803 Good 1
€IMOTOR CONTROL.S7-300.REVERSE Boolean ) 22:23:41:803 Good 1
€IMOTOR CONTROL.S7-300.5PEED DWord 22:23:41:803 Good 1
€IMOTOR CONTROL.S7-300.5TOP Boolean - 22:23:41:803 Good 1

Figure I1I-30: Quick Client Update Count

= Fifth action: We activate the Reverse function and adjust the variable speed drive to a

higher setting of 1500 RPM.
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Figure I1I-31: Fifth action

In the current state, it is observed that the INDICATOR REVERSE is in an active state. This
alteration has also been observed in network 2, accompanied by a corresponding modification

in the display value of the variable speed drive, which now reads 52.4476 Hz.

- Network 2:
Comment
W .2 Q1.0 W
“REVERSE" “STOP" *INDICATOR_F* “INDICATOR_R"

‘ | | i1 i/ { }

Figure III-32: Network 2

We also notice a change in the Quick Client value

tem ID | Data Type | Value | 7 p | Quality | Update Count
MOTOR CONTROL.57-300.FORWARD Boolean 22:30:03:224 Good 6
MOTOR CONTROL.57-300.INDICATOR-F Boolean 22:30:03:224 Good 6
MOTOR CONTROL.S7-300.INDICATOR-ON-OFF  Boolean 22:23:41:803 Good 1
MOTOR CONTROL.S7-300.INDICATOR-R Boolean 22:30:04:364 Good 2
EIMOTOR CONTROL.57-300.0N OFF Boolean 22:23:41:803 Good 1
@ MOTOR CONTROL.S7-300.REVERSE Boolean 22:30:04:364 Good 2
MOTOR CONTROL.57-300.SPEED DWord 22:30:08:207 Good 3
T MOTOR CONTROL.57-300.5TOP Boolean 22:23:41:803 Good 1

Figure III-33: Quick client update count

= Sixth action: In this part, we engage the STOP Button while maintaining the variable

speed drive knob at its maximum setting of 1500rpm.
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Figure III-34: Sixth action

We have observed a complete shutdown of the LabVIEW program, accompanied by the absence
of any displayed values on the Hz display.

[tem ID | Data Type | Value [ i D | Quality | Update Count
@ MOTOR CONTROL.57-300.FORWARD Boolean 0 22:30:03:224 Good 6
@ MOTOR CONTROL.S7-300.INDICATOR-F Boolean 0 22:30:03:224 Good 6
@IMOTOR CONTROL.S7-300.INDICATOR-ON-OFF  Boolean 0 22:23:41:803 Good 1
€MOTOR CONTROL.S7-300.INDICATOR-R Boolean 0 22:43:21:012 Good 3
@MOTOR CONTROL.S7-300.0N OFF Boolean 0 22:23:41:803 Good 1
@ MOTOR CONTROL.S7-300.REVERSE Boolean 0 22:43:21:012 Good 3
@MOTOR CONTROL.57-300.SPEED DWord 0 22:45:43:983 Good 14
@ MOTOR CONTROL.S7-300.STOP Boolean 0 22:23:41:803 Good 1

Figure I1I-35: Quick client update count

It is evident that all values have reached their minimum, indicating a complete absence of

connection.
II1.5- Conclusion:

In this chapter, we have simulated the control of the motor with its various buttons with
the possibility of varying the speed, using LabVIEW from a main PC and TIA PORTAL from
a second PC, connected via the NI server OPC. Through the utilization of TIA PORTAL and
the NI OPC Quick Client, we were able to observe and analyze the outcomes of each action,
providing valuable insights into the motor's behavior and performance. The integration of
LabVIEW and TIA PORTAL, enabled by the NI OPC server, allowed for synchronized control
and monitoring of the motor system from separate PCs. We have realized six different situations
(action). The results obtained testify to the versatility and adaptability of this control

configuration, showing its potential for application in various industrial applications.
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Conclusion

Controlling the direction and speed of an asynchronous motor in industrial applications
is usually done using variable frequency drives (VFDs). VFDs control the frequency of the
electrical power supplied to the motor, which then regulates the speed. They also control the
direction of the motor by changing the frequency and phase order of the power supply. The
VFD can be controlled remotely via a programmable logic controller (PLC), LabVIEW (used
as a human-machine interface) as in our case, and NI OPC servers, which communicate with
LabVIEW via Ethernet for data exchange purposes and automation. This allows precise and
efficient control of industrial processes that require variable motor speeds and directions.

The aim of our work is to remotely control the direction and speed of an asynchronous
motor using a simulator. This will allow us to learn and practice the skills needed to operate
and control the motor in real-world applications, an essential skill in many industrial settings.

To achieve this goal, we have divided our work into three chapters. The first chapter gave
an overview of the state of the art of industrial automation systems. He highlighted the
importance of mimics and PID control and critical hardware components used in industrial
automation such as the asynchronous machine, variable frequency drive (VFD), and
programmable logic controller (PLC).

In Chapter Two, in-depth research of the various features and capabilities of TIA Portal
and LabVIEW, such as their programming languages, data processing tools, and graphical user
interfaces was developed. The TIA Portal is widely used in industries for automation control
and visualization, while LabVIEW is a popular software environment for data acquisition and
analysis. The study further discussed the benefits of integrating these software tools with NI
OPC servers, which provide a common platform for data exchange between various industrial
devices and software programs.

The third chapter concentrates on the programming of various software and emphasizes
the development and implementation of the code. Simulation techniques are then used to
demonstrate how virtual environments reproduce real-world scenarios, and the results obtained
are discussed, analysed, and interpreted. Indeed, the programming aspects of the TIA Portal
and LabView are also presented in detail, with the objective of controlling a motor via LabView
from a PC using a set of six distinct scenarios. These scenarios were designed to respond to
three buttons (forward, reverse, and on/off) and a speed controller knob to showcase the
versatility of the LabView platform in the motion control of the engine.

Throughout our project, we encountered several challenges that forced us to adapt our
approach. First of all, we were faced with the problem of the unavailability of the S7-300 PLC
with an Ethernet bus. Second, we encountered the obstacle of installing the 2016 version of the
NI OPC servers. These obstacles forced us to modify our course of action, seeking alternative
solutions to effectively overcome these limitations.

Finally, we would like our project to be completed by a practical realization, which can
only be accomplished if we can obtain the necessary materials and resources for the effective
completion of this project.
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