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Abstract:

This report focuses on the design and implementation of an HMI program for the FESTECH
SMS Station 2 testing system. The FESTECH SMS Station 2 is a smart module system that
detects the material of a workpiece and either ejects it with a solenoid actuator or transfers it to the
next station. The system includes components such as a conveyor belt unit, control relay, control
switch module, and tower lamp module.

Key words: The FESTECH SMS Station 2 testing, HMI program, WinCC SCADA, Siemens
PLC, TIA Portal v16, Ladder Logic Programming.

Résumé :

Ce mémoire se concentre sur la conception et la mise en ceuvre d’un programme HMI pour le
systéeme de test FESTECH SMS Station 2. Le FESTECH SMS Station 2 est un systeme de module
intelligent qui détecte le matériau d’une picce et 1’éjecte avec un actionneur solénoide ou le
transfert a la station suivante. Le systéme comprend des composants tels qu’une unité de bande
transporteuse, un relais de commande, un module de commutateur de commande et un module de
lampe de tour.

Mots clés: La station de test FESTECH SMS 2, Programme IHM (Interface Homme-Machine),
WinCC, SCADA, Automate Siemens PLC, TIA Portal v16, Programmation en langage Ladder
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General introduction and the composition of the manuscript:

Automation and control systems are essential to manufacturing and testing procedures in the age
of Industry 4.0. One such system is the FESTECH SMS Station 2, a smart module system made
to identify a workpiece's material and then move it to the next station or expel it using a solenoid
actuator. although the system is reliable and effective, a Human-Machine Interface (HMI)
application might improve its performance even further.

The HMI serves as a bridge between the user and the system, offering a visual representation of
the system’s state and allowing the user to engage with it efficiently. The effectiveness, safety, and
usability of a system can all be markedly enhanced by a well- designed HMI program.

This report aims to design and implement an HMI program for the FESTECH SMS Station 2
testing system. The program will be designed with a focus on usability, providing a clear and
intuitive interface for users to interact with the system. The implementation of the program will
involve programming control functions, sensor applications, and system maintenance components.

The report will also include testing of the implemented HMI program and evaluation of its
performance. The results of this study will provide valuable insights into the design and
implementation of HMI programs for industrial testing systems, contributing to the field of
automation and control systems.

The following chapters will provide a detailed description of the FESTECH SMS Station 2, an
overview of HMI basics, the design and implementation process of the HMI program, and the
testing and results of the implemented program. The report will conclude with a discussion of
potential improvements and future research directions.
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Chapter 1: Company description, Motivation, and Issues:
1.1. Introduction:

This chapter provides an in-depth look at FESTECH, a leading automation system company in
Seoul, South Korea, has been recognized for its innovative and family- friendly products. The
company's involvement in Industry 4.0, including loT, augmented reality, cybersecurity, and big
data, is significant. The report aims to create an intuitive interface for the Festech Smart Module
System, a key component of Industry 4.0, using TIA Portal, an automation software platform.
1.2. Description of the Company:

FESTECH is an automation system that offers comprehensive solutions for training institutions
across various fields.

1.3. History of FESTECH:

FESTECH, a South Korean company founded in 2001, specializes in manufacturing training
equipment for factory automation systems. They have been recognized with awards and
certificates, including the Family-friendly certificate from the Ministry of Gender Equality and
Family in 2018. They have established partnerships with educational institutions and have re-
certified for Family-friendly Certification in 2023 [1].

1.4. Importance in the industry:

FESTECH is involved in Industry 4.0 by offering solutions in 10T, augmented reality,
cybersecurity, autonomous robots, additive manufacturing, big data, system integration,
simulation, and cloud computing. it also offers factory solutions like equipment relocation and
production line optimization and offer custom automation systems, catering to specific client
needs.

1.5. Product line:
FESTECH manufactures a wide range of products, primarily focused on training equipment
related to factory automation systems such as:
* Pneumatics: Offers Pneumatics, Electro-Pneumatics, and Portable Pneumatics Trainers.
* Hydraulics: Offers Hydraulics, Electro-Hydraulics, and Hydraulic Transparent Models.
 Programmable Logic Controllers (PLC): Provides OMRON PLC, SIEMENS PLC, and PLC
Trainers.

« Sensors: Offers Sensor Training Set including Proximity Sensor, Distance & Displacement Sensor,
and Force & Pressure Sensor.
* Human Machine Interface (HMI): Offers Bare HMI, HMI Kits, and HMI with PLC Kits.

14



 Motors: Provides Position Control Trainer, Servo Motor Trainer, and Stepping Motor Trainer.

» Factory Automation Applications: Offers Servo Mechatronics Trainer, Mechatronics Automation
System Trainer, and Elevator Trainer.

* Process Control System (PCS): Composed of a computer system, process control device, and
process interface system.

» Software: Offers Simulation Software for Mechatronics Teaching and Learning, and 3D Training
Software for PLC Programming.

« Compressors: Manufactures Silent Portable Compressors.
1.6. Motivation and problematics:

The Festech Smart Module System, a key component of Industry 4.0, offers numerous benefits
for industrial operations. However, its full potential requires an intuitive interface. Using TIA
Portal, a leading automation software platform, could create such an interface, simplifying the
system's functionality and increasing its usability for end users.

The report aims to develop an interface for the Festech Smart Module System using TIA Portal,
addressing challenges such as compatibility, reliability, and user-friendliness. It also focuses on
handling real-time data efficiently and securely. The study proposes a comprehensive solution for
the development of an effective interface for end users, ensuring the system's robustness and
reliability.

1.7. Conclusion:

In conclusion, FESTECH, a key player in the automation system industry, is focusing on
developing an intuitive interface for its Festech Smart Module System. The report aims to address
compatibility, reliability, and user-friendliness challenges while ensuring efficient handling of
real-time data. The proposed solution enhances the system's robustness and reliability, increasing
its usability for end users. Further details will be discussed in subsequent chapters.
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CHAPTER 2: FESTECH SMS Station 2 Overview:
2.1. Introduction:

Chapter 2 discusses the Smart Module System (SMS) and Station n°2 Testing, which are
essential components of the SMS system. The SMS focuses on teaching automation technologies
and provides real-time communication, alerting operators about equipment failures and predictive
maintenance.

2.2. Description of the smart module system:

The SMS (Smart Module System) teaches many automation technologies as well as system
design, assembly, installation, commissioning, and maintenance. Easy training, easy learning, and
easy industrial application are prioritized. Distribution, Testing, Processing, Indexing, Handling,
Buffer, Assembly, Automated Warehouse, and Sorting Station are among the components that
make up SMS. It is possible to utilize each station separately [2].

Any kind of PLC, and they don't all have to be the same, can control each SMS module. A
straight connected 4mm socket or a one-touch 10-Link cable can be utilized to connect the PLC
to each module. Storage boxes are used for delivery of SMS modules.

Fig 2.1. SMS modules

2.3. The importance of SMS modules:

SMS provide real-time communication, alerting operators about equipment failures and
predictive maintenance requirements.
2.4. Description of station n°2 Testing (FME-SMS-TEST):
2.4.1. Function:

Testing station detects material of work piece. It ejects with solenoid actuator or transferred to
next station [2], [3], [4], [5].
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Fig 2.2. Station 2 Testing (FME-SMS-TEST)

2.4.2. Training contents:

Conveyor belt composition

DC motor

Motor control with relay

Solenoid actuator application

Sensor application: capacitive sensor, inductive sensor, optical sensor, pneumatic cylinder
System composition and assembling/ disassembling

Electric wiring and pneumatic piping

PLC program

FieldBus communication technology

. Commissioning and fault tracking
. System maintenance

2.4.3. Components:

-Conveyor belt unit -Input: 11, Output: 9 points with LED
-Size: 60x300 mm -D-sub connector: Input 25 pin, Output 25 pin
-Motor: DC24V geared motor -Sensor protection: short circuit proof type
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-Timing belt drive

« Capacitive sensor

* Inductive sensor

* Optical sensor

» Sensor bracket for 3 sensors
* Ejector unit

-Rotary solenoid actuator
-Work piece ejector

» Ejecting case

« Control relay: 2ea

« APP: 300x300x15 mm

« SMS Input/Output Terminal unit

» Control switch module

-START, STOP, AUTO(RESET), Emergency
* Tower lamp module

-Green/ Yellow / Red

* Size & weight

-300%300%260 mm, 4.4kg

* |O-Link cable: 2ea

- Input cable, Output cable :D-sub 25 pin

« Connector between stations

* SMS module storage case

-Size: 350x340%x270 mm

-APP for PLC installation

Fig 2.3. Testing Station

18



Table 2.1. Testing Station Components
Seq Components

1 Aluminum profile panel
Control switch module
SMS IN/OUT terminal unit
Tower lamp module
Relay module
Testing module
Conveyor module
Sorting actuator module

| N| O] O Bl WD

2.5. The purpose of Station n° 2 Testing:

The primary purpose of the Testing Station is to detect the material of the workpiece. The system
detects materials and makes decisions based on their results, ejecting non-compliant ones or
transferring them for further processing. This ensures only materials meeting standards progress
to manufacturing stages, maintaining product quality.

2.6. Conclusion:

In conclusion, SMS and Station n°2 Testing are vital in automation technology, providing
flexible design and real-time communication for training and industrial applications. They focus
on material detection and comprehensive training content, contributing to Industry 4.0 and
practical applications.

19


https://bing.com/search?q=Festech%2BSMS%2Bmodule%2Btesting%2Bstation%2Bpurpose

CHAPTER 3: Description of used software:

3.1. Introduction:

Chapter 3 discusses the use of TIA PORTAL V16 for programming and managing Siemens
PLCs and HMIs, including project creation, device configuration, and interface testing. It also
introduces Siemens’ WinCC SCADA and HMI system, the role of Industrial Engineers, the
Siemens S7-1200 PNP 23151 Festech PLC Trainer, and Ladder Logic Programming.

3.2. Introduction of the application TIAPORTAL V16:
It’s a potent software package for automation and control systems. Siemens PLCs and HMIs
are programmed and managed using it, [6], [7]. The following are some and initial steps:
1. Starting a New Project: Launch the TIA Portal v16 and start a new project by giving it a
directory and a name.

Totally Integrated Automation

Fig 3.1. Create new project in Tia portal

2. Adding a PLC Device: From the controllers tab, choose the appropriate model and firmware
to add a PLC device.

20



Project Edit View Insem  Online Totally I fad Automation

Cf 3 E svepojer & X I PORTAL

j—m— ~ [ Controllers A Device: Options
5 ~ [ SIMATIC 57-1200 I s
& g 2
- S
T v | Find and replace ")
s essgn Controllers » [ CPU 1211C ACIDCIRlY ‘%Ph -
—;;":dg s » [@ cPu 1211C DCIDCIDC ]
new device
» [ cPU 1211C DCIDCRYY -
5 CPU 1214C 3
s Devices & networks » [ CPU 1212 ACloCRYy ACIDCIRly =
b _m PLC_1 [CPU 1214C ACDC/Rly) D » [ cPu 1212¢ DCIDCIDE A e o 3
» ‘i Ungrouped devices | » [ CPU 1212C DCIDCRY Article no.:  [6ES7 214-18G400XBO ] @
e . I 21 Aot verion: o
» 4 Crossdevice functions I oes7 214-186300%80 | = 7 >
» [ai Common dats 6257 214-18631.0x80 Description: g
» [§]) Documentation settings = 100 KB; 120/240VAC poly 3
[® Languages & resources - = - with DI14 x 24VDC SINKISOURCE, DQ10 x relay
5 B Wi ol ke | Pl OV 12145 DADCDC and AI2 on board; 6 highspeed counters and Use regular expre e
» [m cPu1214C DCDCRYY pulze outputs on board; zignal board expands.
» ‘g Online access PCsystems » [ CPU 1215C ACIDCRly on-board 1/0; up to 3 communication modules
» (g Card ReaderiUse memory . for serial communication; up to 8 signal
b2l L 12530 D000Ng modules for U0 expansion; PROFINET interface for
» [ CPU 1215C DCIDCIRly programming, HM and PLC to PLC
» [ CPU1217C DODTDC communication J

» [@crui212FcDCDODE L)
» [ CPU 1212FC DUDCIRlY
» [ CPU 1214FC DOIDCIDC
» ([l CPU 1214FC DCDCRly
» [ cPu 1215FC DOUDCIDC
» [[§ CPU 1215FC DUDCRly
» (@ cPusIPLUS —

S T

> | Details

Lok 1 cancel

2 Totally Integrated Automation
B E B RV coonine N Gooffine | fip 8 I8 3 - []/[ccorcr et |l PORTAL
[ Topology view |dh Network view | Device view || Options =]
. = (21 Tl @ e N e I P
& [Pc2icuaiac & (emHlas 4 [ [ Device ovel =]
e v | Catalog H
v _] tryingingeneral 1~ = Wi\ b 3
W Add newdetice ) ) 3
o Devices & networks MFiter  profie: [l [v][ef]( €
v [ PLC_2 [CPU 1214C ACDC/Rly] ul =] " 12
Y Device configuration 0 102 2 3 A 5 » 3 Signal boards |
%/ Online & diagnostics o i . » 1 Communications boards o
» I Program blocks b » [ Battery boards °
» [§ Technology objects k¢ »mo
» i Extemal source files »moa ;
» L@ Pictags » [moe s
» [ PLC data types »ima
» 23 Watch and force tables = »mAQ =
» [ Online backups » [manse ;
» [ Traces o «| * {8 communications modules g
» [, Device proxy data <lm [>] [100% o —y— a [<[1[3177] * ‘@ vechnology modules 3
8 Program info o
P (CPU 1 \C/DC Properti } Inf Di. t =
e [Spoperies Tonio DI Digreics | 5
» [ Local modu [ General | 10tags [ Systemconstants [ Texts | [
» 1 Ungrouped devices Ethernet addreszes || Ethemetaddresses g
» 55 Security settings Time synchronization 3
» 32 Cross-device functions Operating mode (wh [intertace Dutworked with
» 4§ Common data : » Advanced options I Subnet: | PNIE_1
» E) Documentation settings o] Vieb server access 2
- » DI141DQ 10 o Add.oensubaet__}] o]
> | Details view A vi|¢ " ] > |> Information -

4 Portal view

Fig 3.3. Device view

3. Adding an HMI Device: From the HMI tab, choose the appropriate type and size to add an
HMI device.
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4. Establishing a Connection: Drag and drop the Ethernet ports on the devices and net- works tab
to create a link between the PLC and HMI.
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5. Going Online with the PLC: Connect to the internet using the PLC by choosing the appropriate
IP address and interface, then fixing any issues or warningsl.
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Fig 3.9. Going online with PLC and Compiling
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Fig 3.10. Program view

6. Downloading the PLC Program: Choose Download to Device after selecting the main OB1
block to download the PLC program to the device. Verify the safety protocol and halt the

modules if necessary.
Apart from these, TIA Portal v16 lets you set up HMI and PLC tags, connect to real hardware
and a simulator, create basic programs, and download them to the PLC.
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3.3. Description of WINCC and it types:

Siemens' WInCC is a SCADA and HMI system designed for the Microsoft Windows operating
system. It uses Microsoft SQL Server for logging and offers functionality for various industries.
Despite being targeted by malware in 2010, WinCC remains a reliable and efficient configuration
tool for industrial monitoring, scalable for simple and complex tasks.

There are different types of WinCC in the TIA Portal which they are:
e WIinCC Basic: Configured for SIMATIC HMI Basic Panels.
e WinCC Comfort/Advanced: Used for configuring SIMATIC HMI Comfort Panels and
Mobile Panels 2nd generation.
e WinCC Professional: Configured for PC-based SCADA systems with WinCC Runtime
Professional software.

Each version is designed for different levels of complexity and requirements. The choice of
version depends on the specific needs of your project, [8], [9].

3.4. Description of IE General:

An Industrial Engineer (IE General) uses engineering principles to optimize systems and
processes in various industries, aiming to improve efficiency, productivity, and overall
performance. Their responsibilities include process analysis, workforce planning, layout design,
and supply chain management, contributing to the success and competitiveness of organizations.

3.5. Introduction of Programmable Logic Controller PLC:
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Fig 3.11. Programmable Logic Controller
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The Siemens S7-1200 PNP 23151 Festech PLC Trainer is a specialist training tool intended to
assist users in comprehending and practicing programming and using Siemens S7-1200 PLCs.
Here are some of this trainer's key features and details:

1. Block Type PLC: The Festech PLC Trainer makes use of a block type PLC, which is a
manageable and integrated device.

2. Module Type: The trainer is available in 16/16, 32/32, and 32/32/4ch/2ch configurations;
among other module types. This is a reference to the PLC's numerous in- put/output
channels, which enable a variety of automation activities.

3. 4mm Sockets: The PLC trainers are all readily wired and utilize 4mm sockets. This
facilitates the connecting and unplugging of different input and output devices.

4. Application Modules: A variety of training scenarios and applications are possible by
selecting and combining the application modules to achieve training goals.

3.6. The components of the Festech PLC Trainer Siemens S7-1200 PNP 23151

1. Siemens S7-1200 Controller: This is the primary PLC device that is programmed and
used during the training

2. Widescreen TP700 Comfort Panel: This is the HMI (Human Machine Interface) device
that shows the PLC operations and permits user interaction

3. SCALANCE XB005 Unmanaged Industrial Ethernet Switch: This device is used
for networking and communication between the PLC and other devices

4. Inputs and Outputs: The trainer has numerous inputs (16 digital inputs, including 6 high-
speed counters and 4 universal analog inputs) and outputs (14 digital outputs, in- cluding
4 high-speed outputs and 2 configurable analog outputs) that are accessible from the
front panel using 2-mm test leads.

5. Controls and Lights: The trainer can be linked to these for a variety of automated
purposes.

6. Switches: During troubleshooting exercises, eight switches enable the inclusion of
electrical issues.

7. The SysLink Interface: facilitates the connecting of Festo to Modular Production System
(MPS) stations.

8. Engineering Software SimaTIC WinCC (TIA Portal): A single-seat license for this
software, which is required to program the PLC, is also included in the system.
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3.7. Ladder Logic Programming:

Ladder Logic is a graphical programming language for programming PLCs, derived from its
ladder diagram-like structure, making it easy for beginners to understand.

Ladder Logic is a programming language for controlling PLCs and SCADA systems, consisting
of inputs, outputs, contacts, coils, rungs, power rails, and instructions, primarily used for bit logic
operations, [6].

3.8. Conclusion:

This chapter provides an in-depth understanding of TIA PORTAL V16's application in
programming and managing Siemens PLCs and HMIs. It introduces WinCC, Industrial Engineer
roles, and Ladder Logic Programming, and explores practical applications in automation
technology, material detection, and Industry 4.0.
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CHAPTER4: HMI Design and Implementation:

4.1. Introduction:

Chapter 4 outlines the process of creating an Interface (HMI) in TIA Portal for FES- TECH SMS
Station 2, covering the creation, testing, and dynamic changes of the interface, as well as
programming, including the creation of PLC and HMI tags. The PLC used in this case is Siemens
S7-1212C AC/DCI/RIly

4.2. How to create an Interface (HMI) in Tia Portal:
Creating an interface in TIA Portal involves several steps:

1. Create a new project: Open TIA Portal and create a new project.
2. Add devices: Add the devices you are working with, such as PLCs or HMIs, to your project.
3. Configure devices: Configure the properties of your devices, such as their IP addresses and

hardware configurations.

. Create tags: Create tags for your inputs and outputs. These tags will be used to link your PLC and
HMI.

Design the HMI interface: Design your HMI interface by adding screens and then adding objects
(like buttons, switches, sliders, etc.) to these screens.

Link tags to HMI elements: Link your PLC tags to your HMI elements. This can be done by
dragging and dropping the tags onto the HMI elements.

. Configure HMI element properties: Configure the properties, events, and animations of your HMI
elements to link them to your PLC tags and change their appearance and behavior.

. Test your interface: Finally, test your interface by running a simulation. This will allow you to see
how your HMI and PLC communicate.

4.3. Workflow Of HMI

The following workflow is designed with commands from the Human-Machine Interface
(HMT1) in mind while the behavior changes dynamically based on the user’s selection in the PC
interface.

Here we take an example for choosing the accepted piece that is plastic with dark color which
shown on the following organigram:
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Fig 4.1. Workflow of HMI
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4.4. Description of the interface:

Table 4.1 HMI Components

Fig 4.2. HMI screen

Seq

Components

|

Start button

Stop button

Reset button

Green Lamp

Yellow Lamp

Red lamp

Light switch

Metal switch

O 0| N O O | W N

Accepted Piece Counter

=
(]

Rejected Piece Counter
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4.5. Programming of button switch lights and counters on HMI:

This is the process | followed to program the button on the HMI:

G, Properties %4} Info y“&j Diagnostics

| ] Properties H Animations “ Events ” Texts l

LTTHBHE X

i1 Click

Press ¥ InvertBit

Release Tag (Inputioutput) START
Activate <Add function>

Deactivate

Change

Fig 4.3. Button events
This is the process | followed to program the light circles on the HMI:

| €l Properties |]‘_i$lnfo y][ﬁ Diagnostics
Properties Animations ” Events H Texts I
Appearance
Overview
: Ta T
v ® Display 9 : o ype
Il Add new animation Name: lﬂ"‘ﬂ @D @ Range
= Appearance Address: (O Multiple bits
» & Movements jebic [0 2]
Range a Background color  Border color Flashing
0 [=I 192,192, ... [=|ll 24.28.49 [=] no [+]
Nl 1 [l 0.255.0 Il 24.28.49 No
‘; <Add new>
b

Fig 4.4. Light Animation

This is the process | followed to program the switches on the HMI:

“d, Properties %} Info _ijllﬂ Diagnostics
J Properties “ Animations “ Events ” Texts I
=¥ Property list General
General
Process Mode
Appearance
il patimen Tag: [PLASTIQUE. Format: [Switch
E“'gn PLCtag: PLASTIQUE
Ry Label
Tad lormat Address: Bool
Flashing alue for "ON E [W) Show label
Limits Title: \KE]
StylesiDesigns n 3
Miscellaneous i T L=
Security » OFF: |NO

Fig 4.5. Tags PLC switch
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Switch_2 [Switch]

v 4l Tag connections
& Add new animation
@ Process value

» ® Display

» X Movements

Switch_2 [Switch]

Appearance
Overview
v 4l Tag connections
i Add new animation
< Process value -
~ ) Display
B Add new animation U
& Appearance ~ Range & Background color _ Foreground color _ Flashing ]
» X Movements Tl |F/ll>ss.00  [Z]ll 128128, .. [¢] No [+]
[ [ [ o.255.0 [ 150,150,150  No
| <Add new> \

Fig 4.7. Animation for switch
This is the process | followed to program the counters for rejected and accepted pieces on the HMI:

/0 field_1 [1/O field]

=% Property list

General
Appearance
Characteristics
Layout

Text format
Flashing
Limits
StylesiDesigns
Miscellaneous
Security

Fig 4.8. Tag PLC rejected pieces
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|8. Properties ||‘_i..lnfo y” % Diagnostics
| Properties | Animations H Events “ Texts
Appearance
Overview
Ta Type
» < Tag connections 9 :
v ®, Display Name: |REJECTED | &l (® Range
W Add new animation Address: (O Multiple bits
-m Appearance < s =
Single bit .
» X Movements O sing —]
Range a Background color  Foreground color  Flashing
10-99 |~/lll255.0.0 [+][]255.255.0 =] ves [+
h <Add new>

Fig 4.9. Animation of flashing lights when the rejected pieces above 10

4.6. Function:
1- Clicking the button start = the green lamp light up and the conveyor motor
turns on
2- Clicking the button stop = the red lamp light up and the conveyor motor
turns off
3- Clicking the button restart or auto = the yellow lamp light up and the

counter of rejected and accepted piece will return to value 0

4-The light switch and the metal switch are for choosing between dark, light and metal
or plastic pieces to be rejected - detecting by optical sensor and
inductive sensor which will make the Ejecting solenoid actuator to change its position

5- The accepted pieces counter == counts the number of pieces every time the
Ejecting solenoid actuator doesn’t change it position

6- The rejected pieces counter == counts the number of pieces every time the
Ejecting solenoid actuator change it position
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4.7. Programming the interface:
4.7.1. PLC tags:

MASTER_FINAL » PLC_1 [CPU 1214C AUDURIy] » PLC tags -
I@ Tags " & User constants H,gl System constants
s B THM S E
PLC tags

Name Tag table Data type Address Retain  Acces.. Writa... Visibl.. Co..
1 @  Start Default tag table | ~| Bool |=)| %m2.0 = ™ ™ ™
2 <a Stop Default tag table Beol %M2.1 =) =) =2l
3 - Auto Default tag table Bool %M2.2 B Q 8
4 4@  EMERGENCY Default tag table Bool %M2.3 ™~ ™~ =2
5 <a Accepted Default tag table Int %MWS0 ™~ =] =)
6 4@  Rejected Default tag table Int %BMW30 ™~ ™~ ™~
7 - M1 Default tag table Bool %Q0.3 Q E B
8 4  PLASTIQUE Default tag table Bool %M3.0 ™~ =2 ™~
9 4@  DARK Default tag table Bool %MS.1 =) =) =]
10 4@  Startsw Default tag table Bool %I10.0 ™~ =] =)
11 @ stopsw Default tag table Bool %I10.1 ™~ ™~ =]
12 4@ CapSensor Default tag table Bool %10.4 =) =2 =)
13 < Opt Sensor Default tag table Bool %I0.5 B B 8
14 <@ Ind Sensor Default tag table Bool %10.6 ™~ =) =)
15 @ Eject Defaulttag table Bool %Q0.4 =] ™) ™)
16 <@ Green Lamp Default tag table Bool %Q0.0 ™~ =) =]
17 <@ Yellow Lamp Default tag table Bool %QO0.1 ™~ ™~ 2]
18 4@ Red Lamp Default tag table Bool %Q0.2 E B g
12 @ Presence Default tag table Bool %MO0.0 =) ™~ =]
20 4@ Bright Defaulttag table Bool %MO.1 =] =) =)
21 @ Metal Default tag table Bool %M0.2 ™~ ™~ =]
22 @ Sensing Default tag table Bool %MO0.3 ™) =l ]
23 a counter Default tag table Int %MW10 = = =
24 @ @ startHM Default tag table Bool %MO.4 =) = ™
25 @ stop HMI Default tag table Bool %M0.5 g B g
26 4@ Tag_1 Defaulttag table  Word %MW20 =) =) =)
27 @  motoroff Default tag table Bool %M10.0 = =) ™
- SaSan o} o} (o)}

Fig 4.10. PLC tags

4.7.2. HMI Tags:

g HM tags |5 System tags
EEE =
HMI tags
Name a Tag table Data type Connection PLC name

@  ACCEPTED Default tag table [=] Int || HM_Conne... || PLC_1
gl | AUTO Defaulttag table Bool HMI_Connectio... PLC_1
g | DARK Default tag table Bool HMI_Connectio... PLC_1
el | EMMERGENCY Defaulttag table Bool HMI_Connectio... PLC_1
80| GL Default tag table Bool HMI_Connectio... PLC_1
el | PLASTIQUE Defaulttag table Bool HMI_Connectio... PLC_1
g | REJECTED Defaulttag table Int HMI_Connectio... PLC_1
gl | RL Default tag table Bool HMI_Cennectio... PLC_1
a START Defaulttag table Bool HMI_Connectio... PLC_1
41 STOP Default tag table Bool HMI_Connectio... PLC_1
g | YL Default tag table Bool HMI_Connectio... PLC_1

Fig 4.11. HMI tags
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4.7.3. Programming Ladder
1-Main block

h 4

w

Network 1:

M2 %Q0 .3
"Stop” M1t

-
p—

Network 2:

%DB3
*Block_1_DB_1"
w87
“SensingFB”

Fig 4.12. Network n°1 Auto maintain

——EN ENO

Network 3:

%DB5

%WB1
“Ejecting”

“Ejecting_DB"

Fig 4.13. Network n°2 Sensing Bloc

— EN ENO

Fig 4.14. Network n°3 Ejecting Bloc
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2-Sensing FC bloc:

We used a single timer in this part for the presence, brightness, and metallic sensors. The PLC
can determine whether to accept or reject a component by using this timing. The sensor inputs
provide the basis for the decision, and the outcomes are kept in the PLC's memory. We also
included light switches that were assigned to each sensor.

¥  Network 1:
B4
*IEC_Timer_0_DB"
%0 4 ™ %WMO .3
"Cap Sensor” Time *Sensing”
—— ———m Q { }
Tids PT ET #

Fig 4.15. Network n°1 Timer for sensors

¥  Network 2:

W0 .0 0.1 W21 %Q0.3
"Start SW "Stop SW* “Stop® M

1 1 | | [\

11 I/‘l I/‘l LI

%Q0 3

M1t

11

LI |

WM2.0

“Start”

1 1

LI |

Fig 4.16. Network n°2 Auto maintain

¥  Network 3:

detecter la presence

%o 4 WMo 3 0.0
"Cap Sensor” "Sensing” “Presence”
1 1 1 1 {
17 11 LI
W0.0
“Presence”
]l |

Fig 4.17. Network n°3 Piece presence Detecting
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-

-

Network 4:

detect Brightness

Wo 5 MO0 3 %MO 1

"Opt Sensor” *Sensing” *Bright”

I 1 11 [

11 1T LI
%MO0 1
“Bright’
1 1
LI |

Fig 4.18. Network n°4 Light Detecting

Network 5:

detect metals

W06

MO0 .3 %m0 .2
"Ind Sensor” sensing” "Metal®
11 ] 1 {
LI | LI} L
%02
“Metal®
11
LI |
Fig 4.19. Network n°5 Metal Detecting
¥  Network 6:
lamps light position
%M0.0 %Q0.0
"Presence” "Green Lamp”

11 { }

LI} L
%MO0.1 Q0.1
"Bright “Yellow Lamp®

1| { }

LI | 1 I
%02 %002
“Metal® “Red Lamp®

11 { }

LI} L

Fig 4.20. Network n°6 lamps light position
¥  Network 7:
%MO0.0 %M 2 %MO.1 %0 .4
“Presence” "Metal® "Bright” "Eject”
11 1 1 11 [
LI | LI | LI | 1 l

Fig 4.21. Network n°7 Sensors Ordering
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3-Ejecting FC bloc:

In the ejection block, we configured the system to recognize different types of pieces and
connected them to the HMI (Human-Machine Interface). This allows us to control the ejection
process directly from the HMI. We implemented a timer for the ejection actuator to change its
position, which makes decisions based on the sensor inputs. Additionally, we set up a counting

condition that stops the conveyor motor if the number of rejected pieces exceeds 10.

Network 1:

timer for choosing which piece going to be rejected

%DB1
"IEC_Timer_0_
DB_1"
%Mo .3 TON %m0 2 %M3.0 aM0.1 %WM5.1 %Q0 .4
*Sensing” Time “Metal® *PLASTIQUE" Bright DARK" “Eject”
] | ] | ] L ] L
— ———m Q 11 1 F 1T 11 { }
T#1.5s PT ET
%M3.0 %0.2 5.1 0.1
“PLASTIQUE* “Metal® “DARK" Bright"
i/ i/ i/ i/

Fig 4.22. Network n°1 Rejected piece programming

counter for accepted pieces

“DB6
"IEC_Counter_
0_DB"
%00 4 cu
“Eject” Int
_| l—cu Q
M10.0
“motor off — R o

PV

Q03 @100
"Mt *motor off"
|
Network 3:

TMW50
“Accepted”

Fig 4.23. Network n°3 counter for accepted pieces

¥ Network 4:

counter for rejected pieces with a timer for the eject selenoid actuator to change position

%88 %WB7
*IEC_Timer_0_ "IEC_Counter_

DB_2"* 0_DB_1"

%03 TON %Q0 .4 cu

*Sensing” Time *Eject” Int
| | IN Q i/ cu Q——
T#1.5 PT ET %M10.0 WMW30
“motor off" = R o “Rejected”
PV

Fig 4.24. Network n°4 counter for rejected pieces
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4.8. Conclusion:
This chapter presents the design process of the HMI program for the FESTECH SMS Station 2.

It includes the selection of HMI software, placement of HMI elements, and design of effective
interfaces. and it details the implementation of the HMI program, including the programming of
control functions, sensor applications, and system maintenance components.
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General conclusion and perspectives:

This work has presented the design and implementation of a Human-Machine Interface (HMI)
program for the FESTECH SMS Station 2 testing system. The HMI program was designed with a
focus on usability, providing a clear and intuitive interface for users to interact with the system.

The implementation involved programming control functions, sensor applications, and system
maintenance components.

The testing and evaluation of the implemented HMI program demonstrated its effectiveness in
enhancing the operation of the FESTECH SMS Station 2. The program improved the efficiency,
safety, and usability of the system, validating the importance of HMI in automation and control
systems.

In conclusion, our work contributes to the field of automation and control systems by providing
a practical guide to designing and implementing an HMI program for a specific industrial testing
system. It combines theoretical knowledge with practical application, offering valuable insights
for both academia and industry. The results underscore the pivotal role of HMI in the era of
Industry 4.0 and highlight the potential of HMI programs in enhancing the operation of industrial
testing systems.
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