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Abstract

This report presents an exploration and utilization of three software applications for
industrial automation purposes. The initial software, TIA Portal, serves as a Programmable Logic
Controller (PLC) programming tool, while the accompanying simulator, PLCSim, both developed
by Siemens, facilitates the automation process of converting raw plastic and metal materials into
refined products. The focus of this study lies not in the crafting of raw materials, but rather on the
subsequent processes that occur after the materials have been refined. Within these processes,
proximity sensors are employed to track the location of the materials, belt conveyors are utilized
for material transportation, color sensors are employed for sorting the materials based on their
respective colors, and robotic arms are utilized to mount the refined materials onto their
designated containers. The third software application, Factory 1/O, developed by Real Games,
enables the creation of virtual factory environments that can be accessed from any location. In our
project, we have constructed a tangible application of a real factory that incorporates a sorting and
wrapping procedure dependent on the color of the final product. Additionally, we have simulated
an equivalent system using Factory 1/O. This approach allows students to experiment with their
control mechanisms in a risk-free environment prior to their implementation in real-world

systems. Moreover, this methodology aligns with the principles of the Industry 4.0 framework.
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GENERAL INTRODUCTION

This technical report aims to emphasize the imperative nature of studying Industry
4.0 through the implementation of a production line simulation utilizing TIA Portal,
PLCsim, and Factory 1/O. By delving into the intricacies of this simulation, our
objective is to comprehensively understand the transformative potential of Industry 4.0
and the specific objectives it aims to accomplish. The primary goal of this study is to
demonstrate the tangible advantages that result from the application of Industry 4.0
principles within a production line environment. Through the utilization of TIA Portal, a
comprehensive engineering framework for automation, we can effectively design and
control various elements of the production line. This encompasses a wide range of
components, including sensors, actuators, programmable logic controllers (PLCs), and
human-machine interfaces (HMIs). By employing PLCsim, a simulation software, we
can accurately emulate the behaviour of a real PLC, thus enabling us to validate and
optimize our control strategies. Furthermore, the integration of Factory 1/O provides a
virtual environment that allows for intuitive visualization and interaction with the
simulated production line. Within our sorting factory, numerous automation systems
based on wired logic technology are implemented, where the electrical control and
monitoring of material sorting processes are overseen by a programmable logic
controller (PLC) programmed using LADDER language. The overarching objective of
this project is to establish a transportation and sorting system using the SIEMENS S7-
1200 industrial programmable logic controller. This proposed solution aims to ensure a
seamless and secure sorting and transportation process, transforming raw and
unprocessed materials into fully crafted and ready-to-use products. To present a
comprehensive overview, this report is divided into three distinct chapters. In the initial
chapter, we will introduce fundamental information and provide a detailed description of
the hardware employed in our project. The second chapter is devoted to an exploration
of the various software utilized to create a virtual factory, replicating a genuine
production environment. Finally, in the third chapter, we will guide readers through each
step of the process, illustrating both the corresponding blocks within the TIA Portal and
the specific control mechanisms they govern in Factory 1/O. By undertaking this study
and providing a thorough analysis of the simulation process and its implications, we aim
to contribute valuable insights into the practical implementation of Industry 4.0

principles within a production line context.

e
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Chapter I: Hardware part

I.1. Introduction:

This chapter is meant to give basic information on automation and the basic elements
used on it. We will deal with functions and configurations of PLCs, with emphasis on the S7-200
PLC family and state its advantages, after that we will states the rest of hardware used in the

factory.

I.2. Control system:
A Control System is a system, which provides the desired response by controlling the

output. The following figure shows the simple block diagram of a control system.

Input Output
> Control >

System

Fig 1.1 Control System.

Here, the control system is represented by a single block. Since the output is controlled
by varying input, the control system got this name. We will vary this input with some
mechanism. In the next section on open loop and closed loop control systems, we will study in
detail about the blocks inside the control system and how to vary this input in order to get the

desired response.

1.3. Manual and automatic control systems:

1.3.1. Manual Control systems:
A control system that needs a human operator is said to be a manual control system, in
terms of engineering we can define it as an open loop system in a way that errors are recorded

and corrected by hand in order to achieve desired output.
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1.3.1.1 Advantages of manual control systems:

e Low cost (economical).
e Easy in both learning and maintenance points of view.

e Convenient when the output is difficult to be measured.

1.3.1.2 Disadvantages of manual control systems:

e Hard to maintain quality and accuracy.
e Unreliable and less efficient.
e Time consuming.

e Cannot sense environmental changes.

1.3.2. Automatic Control systems:
A control system that behaves the way we want using other components around it with
minimum or without human intervention is said to be an automatic control system (self-operating

system).

In terms of engineering we can define it as a closed loop system that is a combination
of both hardware and software which is designed and programmed to operate
automatically,hence have the ability to initiate, adjust , action, measure the variable in the

process and stop the process in order to obtain the desired output.

It is generally built up using interconnection of subsystems and processes forming a
configuration that uses the difference between the desired output (reference input) and a

feedback of the actual output to control the system.

1.3.2.1 Advantages of automatic control systems:

e High accuracy and easy to maintain quality.
e High reliability and high accuracy.
e Safety as it replaces humans in tasks done in dangerous environments (fire, space,

nuclear facilities, underwater etc...).

e Reduce operation time and work handling time significantly.

e
2




Chapter I: Hardware part

e Performing tasks that are beyond human capabilities of size, weight, speed,

endurance, etc...

e Reduce workload especially in tasks that involve physical work.

1.3.2.2 Disadvantages of automatic control systems:

e Unemployment rate increases due to machines replacing humans and putting them
out of their jobs.
e Installation and maintenance costs are expensive.

e Pollution rises as most automated machines exhaust gasses and chemical residue.

1.4 PLC (Programmable Logic Controller):

Programmable Logic Controller (PLC) is basically a special computer that is generally
used in various industrial applications.PLCs simply process inputs and other variables then
control outputs based on a set of stored instructions (program), these controlled outputs are used

to automate a process or a machine. [1]
1.4.1 History of PLC:

PLC originated in the late 1960s in the automotive industry in the US and were designed
to replace relay logic systems. Before, control logic for manufacturing was mainly composed of

relays, cam timers, drum sequencers, and dedicated closed-loop controllers.

The PLC was developed with several advantages over earlier designs. It tolerated the
industrial environment better than computers and was more reliable, compact and required less
maintenance than relay systems. It was easily extensible with additional 1/0 modules, while relay
systems required complicated hardware changes in case of reconfiguration. This allowed for
easier iteration over manufacturing process design. Compared to a computer, PLC in a rack
format can be more easily extended with additional I/O in the form of 1/O cards. With a simple
programming language focused on logic and switching operations it was more user-friendly than
computers using general purpose programming languages. It is also permitted for its operation to

be monitored.[2]
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Early PLCs were programmed in ladder logic, which strongly resembled a schematic
diagram of relay logic. This program notation was chosen to reduce training demands for the
existing technicians. Other PLCs used a form of instruction list programming, based on a stack-

based logic solver.

1.4.2 How does the PLC works?

Most PLCs consist of the following main components:

e CPU: is the unit containing the microprocessor or microcontroller.

e Power supply unit: is needed to convert the main AC voltage to low DC voltage.
Commonly it generates 24V DC.

e Memory unit: there are two fundamental types of memory used in some
PLCs,program and data memory. Memory is organized into blocks of up to say n
elements in an array called a file . The program file holds programs, such as ladder
logic.

e Input-Output sections: are where the processor receives information from external
devices (Input section) and communicates information to external devices (Output
section). 1/O can be digital or analog.

e Programming device: is used to upload or download programs from or to PLC’s

memory.
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Programming device

I/O bus

Power CPU : ‘
supply ————— fr—n | Memory

[/O system modules

! T

Output device Input device

Fig 1.2 The architecture of a PLC.

1.4.3 PLC Scan:

The PLC program is executed in a repetitive process called a scan. At the beginning of a
scan PLC reads all input status.The application program uses these status informations and gets
executed. Once the program is completed,the CPU performs internal diagnostics and related
communication tasks. The scan cycle ends by updating the output, then repeats again.The cycle
time depends on the size of the program,the number of 1/0,speed of PLC and the amount of

communication required. [3]

Fig 1.3 PLC Scan process.
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1.4.4 Types of PLCs:

1.4.4.1 Types of PLC based on hardware setup:

m Compact PLC:

Compact PLC also called BRICK PLC or FIXED I/0 PLC, it comes with all in package
meaning that it has an inbuilt power supply, processor(CPU), communication port to
upload/download program and limited number of input and output integrated which their

capabilities are decided by the manufacturer and not the user.

I Power Supply 3

: t

: p

u Central u

t | Processing Unit | ¢
(CPU)

Fig 1.4 Compact PLC block diagram.

m Modular PLC:

Modular PLC is a rack-based control system with individual power supply, processor,

various I/0 modules, and extension unit mounted on one or more racks.

It allows the user to configure and reconfigure their controller depending on the number 1/0

needed, and they are usually easier to use because each component is independent of each other.

Modular PLCs are easy to maintain and repair and has more memory and capabilities to
store data compared to compact PLCs, hence it makes them attractive for high-growth companies

planning to expand quickly into new markets. [4]
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|« Rack or Chassis P
PS CPU IM SM| SM| SM | SM FM CP
(Power (Central (Interface | DI | DO| Al | AO | (Function | (Communi-
Supply) Processing Module) Module) cation
Unit) Processor)
(Signal Module)

Fig 1.5 Modular PLC block diagram.

1.4.3.2 Types of PLC based on size:

m Micro PLC:

Capable of providing simple level machine control.

Limited numbers of Input and output.

Can control up to 32 1/0O devices.

Very compact in size.

Fix 1/0, no 1/0 Expandability.

Processor, power supply, and inbuilt I/O in a single package.
Examples: Siemens S-200, Omron CPM1A, Micro Logix 100.

m Small PLC:

Capable of providing simple to advanced level machine control.
Can be compact or Modular in design.

More 1/0 handling than micro PLC.

Can control 32 to 128 1/O devices.

Have memory up to 2 Kbyte.

Max 1 or 2 modules can be expanded in small PLC.

Examples: Siemens Logo, Omron CJ1.

7



Chapter I: Hardware part

m Medium PLC:

e Capable of providing complex advanced machine control.

Robust and modular design.
Additional communication modules can be added.
Can Control 128 to 2048 1/O devices.

Have memory up to 32 KByte which is more expandable.

Good I/0 expandability.

m Large PLC:
e Used in supervisory control and data acquisition system (SCADAS).

e Used where complex process control functions are required.

Can control entire larger plants or distributed control systems.
Can control 2048 to 8192 1/O devices.
Most sophisticated in the PLC family.

The capacities are quite higher than medium PLCs.

More memory and multiple programming languages.

Support multiple communication modules.

1.5 Programming languages of a PLC:

Programs used with PLCs can be written in different formats. To enable engineers with
little programming knowledge to write programs for PLCs, the contact language has been designed.
Most PLC manufacturers have adopted this method of writing programs.

However, since everyone has tended to develop their own versions, an international
standard has been established for the contact language and, consequently, for all programming
methods used with the PLCs .

The IEC 1131-3 standard defines five languages that can be used for programming PLCs.

These five languages are:
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1- Ladder Diagram (LD) :
It is the most popular PLC language. It is a graphical PLC programming language which
expresses logic operations with symbolic notation using ladder diagrams, Which is commonly

referred to as ladder logic.

LADDER DIAGRAM
AND Condition

>~
A
\/

@ Most Popular PLC Language

@ Online Debugging & Editing

OR Condition
i E
11
J @ Easy to Read & Comment
® Limited Instructions:

i.e. Motion Control

Fig 1.6 Modular PLC block diagram

2- Function block diagram :

The second most popular PLC programming language is called Function Block Diagram
(FBD). In the Function Block Diagram, program blocks are connected together to create a program.
A lot of the same commands used in Ladder Logic are used in FBD, but it is often easier to read
and conceptualize. An added benefit to using Function Block Diagram is that you can consolidate
many lines of code into a single block.

FUNCTION BLOCK DIAGRAM

@ Great for Motion Controls
& Tmer ON Delay

= @ Visual blocks are easier to read

@ Combine Code for Reuse

@ Code becomes disorganized

Fig 1.7 Modular PLC block diagram
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3- Structured Text (ST):

Third, on the list of PLC programming languages is Structure Text (ST). Structured Text
looks very similar to BASIC or C programming. It’s best used for control systems that require
mathematics or complex tasks. Trigonometry, calculus, and data analysis can be implemented far
easier in this language than in Ladder Diagrams. Because ST isn’t a graphical language, it also runs

faster and requires less space.

IF #Enable = 1 THEN

e STRUCTURED TEXT
#The Max :=
$1 = 1;
#Array [1
#Array [(2) :
#Array [3
#Array [4)
#Array [5) :
/'/ -----------
WHILE #i<6é DO

IF #Array|#i) > #The Max THEN @ More flexibility than LD

#The Max := #Array(#i);

"
"

@ Best for Complex Tasks

@ Similar to BASIC or C code

ELSE

Rloas RLELS ® Difficult to Debug & Edit Online

END IF;
END WHILE;

END IF;
Fig 1.8 Structured text.

4- Instruction List (IL):

Next is the Instruction List (IL). This programming language consists of many lines of
code, with a single instruction per line. It’s read top to bottom and left to right. The Instruction List
is very straight-forward to read because each line is executed sequentially. Once you learn the
mnemonic codes (Load = LD, Start = ST, etc.), Instruction List is a great language because we can

create compact and time-critical code as required by our application.

INSTRUCTION LIST

@ Best for compact code

@ Great for Time Critical code

@ One Command per Line

MARK1: ® More difficult to resolve errors

Fig 1.9 Instruction List.

10
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5- Sequential function chart (SFC):

Lastly is Sequential Function Chart (SFC). The concept of SFC is simple: an action box is
active until the transition step below it activates. The transition step contains all of the conditions
that must be met in order for the next box to activate. if the project has repeatable steps that can be

broken into smaller tasks, then SFC is the easiest of the languages to implement.

|
s1

STOP P8 STARTPB INIT SEQUENTIAL FUNCTION CHARTS
r7 SEQUENCE_READY
Sz . .
et @ Break processes into major steps
* STIR_COMPLETE
s3 @ See where equipment is faulted
ae
* CIP_DONE .
L @ Faster design process
DRAIN

* TANK_EMPTY ® Use depends on the application

S1

Fig 1.10 Sequential function.

1.6 Siemens PLCs:

Siemens makes several PLC product lines in the SIMATIC S7 family. They are: S7-200,
S7-300, S7-400, S7-1200, S7-1500. Siemens Step 7 is a powerful integrated software solution for
automation, and includes the programming environment for Siemens programmable logic
controllers (PLCs). This software provides unique and powerful programming tools with multiple
benefits including: creation of reusable logic, a structured program architecture, and single project

integration of multiple automation devices.

1.6.1 Siemens Modular PLCs:
Siemens SIMATIC PLCs are the basis upon which our Totally Integrated Automation
(TIA) concept is based. The SIMATIC PLCs are available as conventional modular controllers.

11
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Fig 1.11 S7-200 Fig 1.12 S7-1200

Fig 1.13 S7-300 Fig 1.14 S7-1500

1.6.2 Siemens S7-1200 PLC:

1.6.2.1 Presentation of S7-1200:

SIMATIC S7-1200 controllers are the ideal choice when it comes to flexibly and
efficiently performing automation tasks in the lower to medium performance range. They feature a
comprehensive range of technological functions and integrated communication as well as

especially compact and space-saving design.

B ———————————————
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The CPU combines the following elements and more in a compact housing to create a
powerful controller:
e A microprocessor.
e An integrated power supply.
e Input and output circuits.
e Built-in PROFINET (can communicate with HMI panels or another CPU).
e High-speed motion control 1/0.

After you download your program, the CPU contains the logic required to monitor and
control the devices in your application. The CPU monitors the inputs and changes the outputs
according to the logic of your user program, which can include Boolean logic, counting, timing,

complex math operations, motion control, and communications with other intelligent devices.

Power connector

Removable user wiring connectors
(behind the doors)

Status LEDs for the on-board I/O

PROFINET connector (on the bottom
of the CPU)

®e 0006

Fig 1.15 S7-1200 diagram.
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1.6.2.2 Siemens S7-1200 Modules:
1. Communication modules (up to 3).
2. CPU Slot 1.
3. CPU E-net Port.
4. Signal board,communication or battery board.

5. Up to 8 analog/digital expansion modules.

Fig 1.16 S7-1200 modules.

1.6.2.3 Siemens S7-1200 Network:

The way we connect our CPU to other devices is via Ethernet port, we can connect it to a

switch that has a HMI, a PC that we will use to program the CPU.

1.6.2.3 Siemens S7-1200 Wiring:

xg.l-‘ B :_Ll/ l/ l/ l/l/ l/ I/ |/ l/ l/l/ l/ l/ l/ d)é

%) ;uumn.:zsn.i;:n.rz:ns'uat
lm%w'v&j—“" TR

Fig 1.17 S7-1200 CPU 1214C AC/DC/RLY Wiring diagram.
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m The compact CPU 1214C has:

e 3 device versions with different power supply and control voltages (AC/DC/RLY,
DC/DC/DC ,DC/DC RLY).

e Integrated power supply either as wide-range AC or DC power supply (85 ... 264 V
AC or 24V DC).

e Integrated 24 V encoder/load current supply for direct connection of sensors and
encoders. With a 400 mA output current, it can also be used as a load power supply.

e 14 integrated digital inputs 24 V DC (current sinking/sourcing input (IEC type 1
current sinking)).

e 10 integrated digital outputs, either 24 VV DC or relay.

e 2 integrated analog inputs 0 ... 10 V.

e 2 pulse outputs (PTO) with a frequency of up to 100 kHz.

e Pulse-width modulated outputs (PWM) with a frequency of up to 100 kHz.

e Integrated Ethernet interface (TCP/IP native, ISO-on-TCP).

e 6 fast counters (3 with max. 100 kHz; 3 with max. 30 kHz), with parameterizable
enable and reset inputs, can be used simultaneously as up and down counters with 2
separate inputs or for connecting incremental encoders.

e Expansion by additional communication interfaces, e.g. RS485 or RS232.

e Expansion by analog or digital signals directly on the CPU via signal board (with
retention of CPU mounting dimensions).

e Expansion by a wide range of analog and digital input and output signals via signal
modules.

e Optional memory expansion (SIMATIC Memory Card).

e PID controller with auto-tuning functionality.

e Integral real-time clock.

e Interrupt inputs for extremely fast response to rising or falling edges of process

signals.
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1.6.2.4 Siemens S7-1200 Functions:

m Comprehensive instruction set:
- A wide range of operations facilitates programming.
- Basic operations such as binary logic operations, result allocation, save, count, create
times, load, transfer, compare, shift, rotate, create complement, call subprogram (with local
variables).
- Integral communication commands (e.g. USS protocol, Modbus RTU, S7 communication
"T-Send/T-Receive" or Freeport) -
User-friendly functions such as pulse-width modulation, pulse sequence function,
arithmetic functions, floating point arithmetic, PID closed-loop control, jump functions,
loop functions and code conversions.
- Mathematical functions, e.g. SIN, COS, TAN, LN, EXP.

m Counting:
User-friendly counting functions in conjunction with the integrated counters and special
commands for high-speed counters open up new application areas for the user.

m Interrupt processing:
- Edge-triggered interrupts (activated by rising or falling edges of process signals on
interrupt inputs) support a rapid response to process events.
- Time-triggered interrupts.
- Counter interrupts can be triggered when a setpoint is reached or when the direction of
counting changes.
- Communication interrupts allow the rapid and easy exchange of information with

peripheral devices such as printers or bar code readers.
m Password protection.
m Test and diagnostics functions:

Easy-to-use functions support testing and diagnostics, e.g. online/offline diagnostics.
m "'Forcing" of inputs and outputs during testing and diagnostics

Inputs and outputs can be set independently of cycle and thus permanently, for example, to
test the user program.
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1.6.2.4 Operating modes of the CPU:

The CPU has the following operating modes:

“STARTUP” mode, the CPU starts a startup procedure

“STOP” mode, the CPU does not execute the program, and a project can be loaded.
“RUN” mode, the program is executed cyclically, projects cannot be loaded into the CPU
in RUN mode (note for all PLCs).

|.7 Hardware of the factory:

1.7.1 Sensors:
1.7.1.1 Definition:

A sensor is a device that detects and responds to changes or stimuli in the physical or
environmental conditions. It converts the measured parameter into an electrical or digital signal
that can be analyzed, processed, or used for control purposes. Sensors can measure various physical
quantities such as temperature, pressure, light, sound, and more. They can be based on different
principles and provide analog or digital output signals. Sensors are used in industries such as
automation, automotive, healthcare, and consumer electronics to collect data, enable control, and

integrate physical systems with digital technologies. [5]

1.7.1.2 Types Of sensors:

There are a variety of sensors that are commonly used in automation according to their use
such as Proximity sensors, Color sensors, Force and Load sensors. Temperature sensors, Pressure
sensors, Flow sensors, Position sensors, Motion sensors etc....

These sensors play crucial roles in monitoring and controlling various aspects of
automated systems, enabling efficient and precise operation.

In this section we will define only the first three sensors that we have used in our project.

» Proximity sensors :

Proximity sensors are electronic devices that detect the presence or absence of objects
within a specified range without making physical contact. They are commonly used in industrial
automation, robotics, security systems, and various other applications where reliable object
detection is required.

They operate based on different principles such as electromagnetic fields, capacitance
e
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changes, light beams, or ultrasonic waves.

- Inductive Proximity Sensors: Detect metallic objects by measuring changes in
electromagnetic fields.

- Capacitive Proximity Sensors: Detect objects by changes in capacitance when an object
enters the sensor's electric field.

- Photoelectric Proximity Sensors: Use light beams to detect objects by measuring changes
in light intensity.

- Ultrasonic Proximity Sensors: Emit and receive sound waves to determine object presence
or distance.

Proximity sensors have a specified sensing range, ranging from millimeters to meters.

They provide digital output signals indicating the presence or absence of an object. Sensors can be

mounted in different ways and come in various physical forms.

= Color Sensors :

Color sensors are electronic devices used to detect and analyze colors. They are designed
to measure the intensity of light across different wavelengths within the visible spectrum and
provide information about the color of an object or surface. Color sensors utilize various
technologies, such as light-sensitive diodes, photodiodes, or color filters, to differentiate between
different colors and provide output signals that can be interpreted by a system or user. These
sensors find applications in color detection, sorting, quality control, color measurement, and
automation processes in industries such as manufacturing, printing, textiles, food processing, and
more. They play a crucial role in ensuring accurate color recognition, consistency, and control in a

wide range of products and systems.

» Force and Load Sensors:

Force and load sensors, also known as force transducers or load cells, are electronic devices
that measure and detect the force or load applied to an object. These sensors convert mechanical
force into an electrical signal that can be measured and analyzed. They are widely used in
industries and applications where precise measurement of forces and loads is necessary.

Force and load sensors typically consist of a sensing element, such as strain gauges, that deforms
under the applied force. This deformation generates a change in electrical resistance, voltage, or
current, which is then converted into a measurable output signal. The magnitude of the force or

load can be determined by analyzing the output signal.

e
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These sensors are utilized in various fields, including industrial automation, robotics,
automotive, aerospace, materials testing, and weighing applications. They enable accurate force
measurement, load monitoring, tension control, and feedback in mechanical systems. Force and
load sensors play a crucial role in ensuring safety, quality, and efficiency in processes where forces

and loads need to be precisely monitored and controlled.

1.7.2 Factory convoys:

Factory convoys refers to the organized movement of materials, components, or products
within a factory or industrial facility. It involves the transportation of these items from one area or
station to another using a group of vehicles or equipment. [6]

In a factory setting, the use of convoys aims to improve the efficiency of material handling
and streamline the flow of goods. It helps ensure that materials are delivered to the right location at
the right time, minimizing delays and optimizing production processes.

Factory convoys often involve the use of carts, forklifts, automated guided vehicles
(AGVs), or conveyor systems to transport the materials. These convoys may follow predetermined
routes or schedules, enabling systematic movement between different production areas, assembly
lines, storage areas, or shipping/receiving zones.

By implementing factory convoys, companies can enhance operational efficiency, reduce
manual handling, minimize bottlenecks, and maintain a smooth workflow. It allows for better
coordination and organization of material movement, ultimately contributing to improved
productivity and overall manufacturing effectiveness.

A wheel sorting machine, also known as a rotary sorting machine or wheel diverter, is a
mechanical device used to sort different materials or items into separate paths or destinations based
on specific criteria. It is commonly employed in industries such as logistics, packaging,

manufacturing, and material handling.

1.7.3 The wheel sorting machine:

The wheel sorting machine consists of a rotating wheel or disc with multiple pockets or
compartments. Each pocket is designed to hold and guide an individual item or material. As the
wheel rotates, the items are transported along the wheel's periphery, and at specific points, they are
diverted into different paths or chutes based on predetermined sorting criteria. [7]

The sorting criteria can vary depending on the application. It could be based on attributes

such as size, shape, weight, color, barcode, or other identifying features of the materials being

e
19




Chapter I: Hardware part

sorted. The wheel sorting machine is equipped with sensors or detection systems to identify these
attributes and determine the appropriate path for each item.
The diverted paths lead the sorted items to designated collection bins, conveyor belts, or other
handling systems for further processing, packaging, or distribution. The speed and accuracy of the
wheel sorting machine contribute to efficient material flow and sorting operations in industrial
settings.

Overall, the wheel sorting machine automates the process of segregating different materials
into distinct paths, enabling efficient sorting, distribution, and downstream processing based on

specific criteria or characteristics of the items being sorted.

1.8 Conclusion:

In this chapter we have explained briefly the essential definitions of automations, types of
PLC and the differents aspects of Siemens PLC and the hardware that we have used in this project,
which will allows the reader to understand the concept of work that will be shown in the next

chapter.
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I1.1. Introduction:

The simulation tools are a critical way to test your project before going to the field, so many
manufacturers started to focus on this side, now you can educate your project minimizing the
loss of money for experiments. Siemens and factory I/O made a great combination for such

purpose.

11.2. TIA Portal (Totally Integrated Automation):

11.2.1 Introduction:
In a world that requires optimization Siemens came up with all in one software called TIA
Portal.

The new software engineering frame enables users to develop and commission automation
systems rapidly and intimately, which eliminates the traditional time-consuming and expensive
integration of separate software packages. Designed for high effectiveness and user-friendliness,
the TIA Portal is suitable for both first-time users and experienced users.

The TIA Portal provides a single interface for all Siemens automation products. This makes it
easy to work with different types of devices, including programmable logic controllers (PLCs),
human-machine interfaces (HMIs), drives, and motion control systems.

11.2.2 Description:

Siemens TIA Portal is a software program that provides users with the tools to configure
and program Siemens controllers. The software offers a wide range of features, including
programming support for Ladder Logic, ST (Structured Text), and FBD (Function Block Diagram).

It also supports various communication protocols such as Profibus and Ethernet. [8]

11.2.2 Advantages:
The advantages of TIA Portal are:
e Intuitive and fast programming: with newly developed programming editors LD,
FBD, ST, IL and SFC.
e Increased efficiency thanks to STEP 7's linguistic innovations: uniform symbolic
programming, addition of blocks during operation and much more.
e Increased performance thanks to integrated functions: simulation with PLCSIM,

e
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remote maintenance with TeleService and consistent system diagnostics.

e Flexible technology: scalable and efficient motion control functionality for the S7-

1200 and S7-1500 PLCs.

Increased security with Security Integrated: know-how protection, copy protection,
access protection and forgery protection.

Common configuration environment with HMI panels and drives in the TIA Portal

engineering environment.

11.2.3 SIMATIC STEP 7:

The STEP 7 Professional software (TIA Portal V15.1) is the programming tool for PLCs

SIMATIC S7-1200 and SIMATIC S7-1500.

system:

With STEP 7 Professional V15.1, the following functions can be used to automate a

Hardware configuration and parameterization.

Communication settings.

Programming.

Testing, commissioning and troubleshooting with operating and diagnostic
functions.

Documentation.

Generation of visualization screens for SIMATIC Basic Panels with integrated
WinCC.

It is also possible to generate display screens for PCs and other Panels using other

WinCC software packages.

TIA

eilSA

TIA Portal V151

Figll.1 TIA Portal V15.1

11.2.4 Portal view and Project view:

TIA has two type of View. Task-oriented set of portals that are organized on the
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functionality of the tools (Portal view), or a project-oriented view of the elements within the project

(Project view).

m Portal View:
The portal view is a high-level overview of your entire project, including all the devices,
networks, and applications that are part of it. This is a great way to get an overview of your project

and see how everything fits together.

Totally Integrated Automation

First steps

S e . Project: "PR36_GOUGAM" was opened successfully. Please select the next step:
Open existing project

Create new project
proj I~\\

Migrate project

Close project

y o Configure a device

Welcome Tour
*\ Write PLC program
First steps

Configure
technology objects

Installed software
l | Configure an HMI screen

Help

(@& User interface language

Open the project view

) Project view Opened project: C:\Users\mourad\Documents\Automation\PR36_GOUGAMPR36_GOUGAM

Figll.2 Portal View of TIA Portal.

m Project View:
The project view is a more detailed look at each individual component in your project. This
is where you will configure the settings for each device or application. You can also test individual
components in this view to make sure they are working properly before putting them into

production.
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Projef:t Edit View Insert Online Options Tools V\findow Help Tomlly Integmated Automation
5 (h EH seveproject @ ¥ X O M B R § coonline F coofiline gz M I8 2 - || PORTAL
PR36_GOUGAM » PLC_1 [CPU 1215C DUDUDC]
Devices |§3’ Topology view H@_} Network view Imf Devlce view L Options (22}
=
PLC_1 [CPU 1215C] v o E3 D sl
# [pc B o @ a = ev H
[~ [+]catalog I 3
~ L1 PR36_GouGAM B [][=earch> [t it]| 3
I Add new device — — 8
s Devices & networks } Mriter * profile: [<all [+ ] g
~ (@ Pc 1 [Py 1215€ DUDCIDC] =] » [mceru @
[IY Device A et 0 g || » (@ Signal boards ||
@] Online & diagnostics Chéssis_0 i || » @ communications boards il
» I Program blocks — » (@i Battery boards °
» [ Technology objects | » (ol =
» [ External source files 5 » (moo ;
» [@ PLCtags » (@ bibQ =
» [ig PLC data types » @A E
» [53 Watch and force tables » (@ AQ i
» [ig online backups » [m AlAQ .z
» [ Traces | » (@ communications modules ]
» [3, Device proxy data [>] » (@ Technology modules 3
Frogram info <[ u [>][100% a L
PLCalarm textlists | e Properties  [*i}Info & H ] Dlagnostxcs \ LE
» [ Local modules <
b . ‘ General “ 10 tags u System constants “ Texts | E
5 ‘ Details view Name Type Address  Tag table Comment E
Int %IWE4 [~]
Int BIWES =] I
Noe Int %QWE4
Int %OWE6
Bool 310.1 > |Information

4 Portal view £ i ! V' Project PR36_GOUGAM opened.

Figll.3 Project View of TIA Portal.

11.2.5 1/0O addressing:
To know the addressing of the inputs and outputs present in the hardware configuration, go
to “Devices & networks” in the project browser. In the work area, make sure you are in the

“Device view” tab and select the desired device.

Project Edit View Insert Online Options Tools Window Help
Gf Y Bl soveproject & ¥ =2 @ X D2 5 MEH I & Goonline ¥ Gooffline  fp (M [
PR36_GOUG JUDUDC] - X
];Topologyview ﬂéNetworkview ][] Device view I Options

Device overview = |

Module slot |laddress Q address | | catatog

Totally Integrated Automation
PORTAL

Devices
] j @ [PLc_1[cPu1215¢] IR ol A

Dl

Bojeyes asempiey [E

» 'k Ungrouped devices v 2

7 { Details view 3

¥ ] PR36_GOUGAM ~ = T T
I Add new device a B0 7 | e el
o, Devices & networks = M riter  Profile: [<All= [ [i]
~ [ PLC_1 [CPU 1215C DC/DC/DC] B 3 » (@ cru
_IIY Device configuration | = - SAIb0A0R s = = » [ signal boards ||
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Figll.4 1/O addressing.

Select the CPU and use the two small arrows (see Figure) to open the “Device overview”
tab. The addresses of the inputs and outputs appear. It can be changed by entering a new value in

the corresponding box.

11.3. PLC SIM:

PLCSIM is a Siemens software that allows users to test programs on a virtual PLC.
This is beneficial because it allows for debugging and troubleshooting without having to use
physical hardware. Additionally, PLCSIM can be used to create simulations of process plants or

machines. [9]

The focus of S7-PLCSIM is to support debugging and validating a single PLC
program without requiring actual hardware. S7-PLCSIM allows you to use all STEP 7 debugging
tools, including the watch table, program status, online & diagnostics functions, and other tools.

S7-PLCSIM also provides tools that are unique to S7-PLCSIM, including a SIM

table and sequence editor.

S7-PLCSIM V15.1 operates in conjunction with STEP 7 in the TIA Portal V15.1.
You can:

e Configure your PLC and any associated modules in STEP 7.

e Program your application logic.

e Download the hardware configuration and program to S7-PLCSIM.

ST

S7-PLCSIM
V15.1

Figll.5 PLCSIM
I1.4.Factory 1/O:

Factory 1/O is a real-time 3D simulation software for factories, machines and processes. It

e
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allows users to create virtual prototypes of their products and systems, test them in a realistic

environment and identify potential problems early on.

Factory 1/0 can be used for training purposes as well — employees can learn how to operate
machinery without the risk of injury, and new procedures can be tested before being implemented
in the real world. [10]

The software is also valuable for marketing purposes — potential customers can get an idea

of how a product will work in their own factory, and see if it meets their needs.

The most common scenario is to use Factory 1/0O as a PLC training platform since PLC are
the most common controllers found in industrial applications. However, it can also be used with

microcontrollers, SoftPLC, Modbus, among many other technologies.

Figll.6 Factory 1/0.

11.5.Software Design Approach:

The software design for simulating the factory involves the following steps:
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11.5.1 Designing Control Logic in TIA Portal:

The initial step is to design the control logic using the TIA Portal software. This entails
defining the sequence of operations and configuring the necessary input and output devices.
TIA Portal offers a visual programming environment that allows users to create a
comprehensive control strategy for the automation system. By utilizing the features provided
by TIA Portal, such as configuring material tracking, belt conveyors, color sensors, and

robotic arms, the control logic is developed to orchestrate the desired actions. [11]

11.5.2 Validating Control Logic with PLCSim:

Once the control logic is created in TIA Portal, it is imported into PLCSim for validation
and testing purposes. PLCSim acts as a simulator, replicating the behavior of the actual
Programmable Logic Controllers (PLCs). This integration allows users to execute the control
logic virtually and observe the system's response. Through this validation process, potential
issues or errors in the control logic can be identified and rectified before proceeding to the

simulation phase.

11.5.3 Creating the Virtual Factory Environment in Factory 1/O:

To replicate the real factory environment, Factory 1/O is utilized to create a virtual factory
setting. This involves modeling the machinery, sensors, and actuators that exist in the physical
factory within a 3D environment. Components are placed and configured within Factory 1/O
to mimic their properties, behavior, and interactions. By leveraging the user-friendly interface
of Factory 1/0, a virtual automation system can be set up to resemble the actual factory. [12]

11.5.4 Integrating TIA Portal, PLCSim, and Factory 1/O:

The integration of TIA Portal, PLCSim, and Factory 1/O is crucial for achieving a
cohesive simulation. TIA Portal is connected to PLCSim to enable the execution of the
control logic created within TIA Portal in the virtual environment provided by PLCSim. This
allows for the synchronization of the control logic with the simulated PLC behavior.

Additionally, Factory 1/O interfaces with PLCSim to establish a connection between the

28



Chapter I1: Software part

virtual factory environment and the simulated control signals. This integration ensures that
the virtual components within Factory 1/O respond accordingly to the control logic executed
through PLCSim.

11.5.5 Simulating the Factory Operations:

Once the integration is established, the simulation is initiated by running the control
logic in TIA Portal. This triggers the corresponding actions within PLCSim and the virtual
factory environment in Factory 1/O. Users can observe and analyze the simulated operations,
including the movement and handling of materials, as they unfold within the virtual
environment. By executing the control logic and examining the simulated results, users can
gain insights into the system's behavior, identify potential improvements, and validate the

effectiveness of the control mechanisms.

11.6.Conclusion:
By following this software design approach, the integrated use of PLCSim, TIA Portal,
and Factory 1/0O allows for the development of a comprehensive simulation that replicates

factory operations in a virtual environment.
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Chapter I11: The simulation of the Factory.

111.1. Introduction:

After getting to know the softwares we are going to use to simulate the factory, we need to put those
apps together in action. This chapter is for that reason.

I11.2. Factory 1/O and Tia portal Programming:

In this part, | will guide through each step in the process showing both the block in the TI1A Portal
and what that block is controlling in Factory 1/O .Starting with a picture of the whole factory:

Figlll.1 Full view of the factory.
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m Network 1:
The first network contains only one block “MHJ-PLC-Lab-Function-S71200” this block is

needed to connect with Factory 1/0O:

%FCI000
"MHJ-PLC-Lab-Function-571200"
EM ENO
Figll1.2 Network 1
m Network 2:

The second network has the start and stop buttons the start button will SET the “operate”
state register, and the stop button will RESET it, this “operate” register is need in later steps of the
process.

It also has a block “LEDs” this turns ON the start button LED when the factory is operating
as seen in Figll1.4, and turn ON the stop button LED when factory in not operating as seen in
FigllL.5.

The last block “On When System Is On” turns ON some actuators when is system is
operating and turns them OFF when it is not these elements are the conveyers highlighted in

Figll1.7 and Figll1.8.

Metwork 2:
90 6 W00
“start” "operate”
] |
| (s)
907 W00
"stop” “operate”
] |
| (=)
W3 Wrca
"LEDs" “On When System Is On®
— EM EMO =—— EN EMO ——-

Figll1.3 Network 2

e
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Start Button 1 Reset Button 1

<

Figlll.4 The state of LEDs when operating

Start Button 1 Reset Button 1

Figl11.5 The state of LEDs when not operating

m Network 3:

The third network contains the “2 meters belt conveyers” block these belt conveyers are
highlighted in Fig 6 and Fig 7, this block will SET the 2 meters belt conveyers first when the
operation starts, to move the raw material inside the Machining Center. Then RESETSs the belt
conveyers when Machining Center is busy, then SET them again when Machining Center is Not

busy.
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WFc1
“2m Belt Conveyers®

EM ENO

Figll1.6 Network 3

Figll1.7 Right 2-meter belt conveyer.

Figl11.8 Left 2-meter belt conveyer.
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m Network 4:

The fourth network contains the “Machining Centers” block as shown in Figl11.10, this
machine start crafting the raw material when its proximity sensor detects a raw material at the
entrance, during that crafting a busy signal is SET indicating that the machine is working. When
the crafting is done the arm inside the Machining Center puts the crafted material on the exit.

WFc2
“Machining Centers®

EM END

Figl11.9 Network 4

Figl11.10 Machining Center 1 & 2
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Figl11.11 Machining Center entrance and exit

m Network 5:
The fifth network contains the “Curved Belt Conveyers” block, these Belt Conveyers will
be SET when the operation starts and one of these two will RESET when there is a collision
between two crafted martials, and will be SET again when the material on the opposite side

passes.

WFCs
“Curved Belt Conveyers®

— EM EMO

Figll1.12 Network 5
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Figl11.13 The curved belt conveyers

m Network 6:
The sixth network contains the “2 meters Belt Conveyer” highlighted in Figl11.15, this belt
conveyer will be SET when operation starts, and RESET when the crafted material enters the Pop

Up Wheel Sorter that we will discuss next.

wrca
"BC2m3 Block™

EM ENO

Figl11.14 Network 6
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Figl11.15 The third 2 meters belt conveyer

m Network 7:
The seventh network contains the “Push Up wheel Sorter” block as shown in Figll1.17,
This wheel sorter will sort the crafter material according to their color using the color sensors
highlighted in Fig 17, the blue ones will go to the middle belt conveyer, the grey ones will go right,
and the green ones will go left.

Comment

FCe
PUWS"
EM EMO

Figll1.16 Network 7
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Figl11.18 The color sensors
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m Network 8:

The eighth and last network contains the “Two Axis Pick And Place” block, the this block
controls how the arm with 8 degrees of freedom operate as seen in Figl11.20. This block is the
most complicated block in the program, because each arm needs 4 external proximity sensors as
shown in Figll1.21.

PS 1 is the responsible for counting the number of crafted material, Whenever the crafted
material interrupts the proximity sensor signal, 1 is added to the number of crafted material that
needs to be transported to their final destination the stackable boxes.

This stackable box will hold 5 pieces and then sent away to be shipped and leave the place
for another box to be placed as shown Figll1.22.

Comment

Wcy
“T-AP&Ps”

EM ENO

Figl11.19 Network 8

Figl11.20 The two Axis Pick and Place Arm.
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Figl11.21 The counting proximity sensor.

Figll1.22 Stackable boxes.

41




Chapter I11: The simulation of the Factory.
111.3. Alarms and safety:

The last network of the program network 9 contains the alarms of the system, these alarms

are:

The Machining centers Error.

The curved belt conveyers Error.
The Push up Wheel Sorter Error.
The Straight Belt conveyers Errors.

e The Two Axis Pick and Place Error.

Any one of these Errors will stop the Operation.

m Network 9:

%MO_ 4
"Machining %MO0.0
centers Emor " oparste’

] | fR 3
LA

®=MOD.6
" PUWS Error”

%MD 7

"The bt
COMVEyErs
BTN

®M1.0

"The 2 axis
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Figl11.23 Network 9.
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I11.4. Connecting factory 1/O to the program:
In order to connect the program to factory 1/O:

1. Simulate the Program from TIA Portal Using PLCSIM:
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E X DrE: G
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w06
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Figl11.24 Step 1 of connecting Factory 1/0O to TIA.

emens - C:Wsers\hafidLinuxiDocuments\Automation\Factory 1\Factory 1

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation

G H sovepoie & X 2 WX D 5[MEH B R I coonine F coofiine S, WA x S ] PORTAL

Project tree md
Devices Options

’ﬁ\
==}
sk 2 = 3 =
BN % %W Load preview % = 0= =
. £
9 Check before loading > Favorites 3
Sl A N v ‘ Basic instructio| 3
; H
ke s Status |1 Target Message Action Name
ooz SomiEts d & v e Readyfor loading. [a] » [ General T
F " » [ Bitlogic operat] E
DY oevice configurstion 1 ~ Protection Protection against unauthorized access » [@] Timer operation| &
%) online & diagnostics X = 3
= Devices connected to an enterprise network or directly to the » [+ Counter operati H
o Program blocks internet must be appropriately protected against unautherized + [¢] Comparator op
I/ Add newblock access, e.g. by use of firewalls and network segmentation. For =
Sl more information about industrial security, please visit » [2] Math funcuons =
n [981] 1 hitp /iwnsiemens comlindustrialsecurity _|¢ E
48 2m Belt Comveyers [F.. ST
Rk RCE V] simulsted module  The download will be performed to a simulated PLC. = a
4 Curved Belt Conveyer... e
& LeDs [FC3) » [ 7] Date and time-g==
< @  » Device configurati... Delete and replace system data in target Dewnload to device » [ String + char |
48 Wachining Centers [F... = e
= » [ Distributzd 110 | &
: :H”JC*-;”(“”E‘W; @ b sofware Dowrload software to device Consistent download = : b e B
n en em s O... ostics ]
S k » [ ] Diegnostics |

4 PUVS [FCE
] Gener [<] in — \EE b [ Pulse
4 PUWS(SCL) [FC9)]
@E[ » [ Recipe and dax:
2 varars (7 =
< n » [] Data block con

» [ Add
v | Details view 1 |Fath EE B L
1 r i

1
. — —
1 Program blocks ra 0 1 1
(] Main (0B1) Block was successfully compiled. Pl 8:04:34 PM <[ w ]
@ 1 ~ General wamings A 1 8:04:36 FM Technology
1 A A

>
80436 FM > |G
>

%/ Online & diagnostics

Inputs or outputs are used that do not existin the configured h..

gl Program blocks

Compiling completed (errors: 0; warnings: 2) 8:04:36 PM

Optional packa:

a0 A e = =
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Chapter I11: The simulation of the Factory.
2. In Factory I/O Connect to PLCSIM:
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Figl11.26 Step 3 of connecting Factory 1/0 to TIA.
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GENERAL CONCLUSION

In this modest work, we were able to create a virtual factory and getting to control different
industrial hardware and movement parts, which allowed us to identify a solution for different
problems, especially in acomplex project such as the organization of the program and taking
into consideration every phenomena that can face us, thus enriching our knowledge of

industrial automation and to get an experience acquired in this field.

The aim of this work was to automate a virtual raw material factory using a programmable
industrial controller PLC. Perform simulations to see the terminal control response and potential
alarmsbefore starting, taking into account the faults that may damage our system.

The programming software TIA portal and the software factory allowed us to test a real
program on a simulated industrial parts and check the errors that may occur during the

fabrication process, Also giving us a financial idea about the project we want to start.

The professional background has allowed us to better understand the project and to
familiarize ourselves with the responsibilities of field engineers in this area specially the module
EE452.

We hope that this humble work will be the starting point of our professional life and that it

will be useful for future promotions, God willing.

43



APPENDIX

APPENDIX



APPENDIX

The PLC program of the simulation:
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Network 3:
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Network 6:
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=  Network 7:
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