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RESUMEN

Este trabajo presenta una propuesta de laboratorio de automatizacién utilizando un médulo FESTO de
clasificacion. La practica de laboratorio funcionard como introduccion a las aplicaciones en el campo
industrial mediante el desarrollo de una Interfaz Hombre-Maquina en el software Labview. El usuario tiene
la posibilidad de manejar todos los sensores y actuadores de la maquina clasificadora. Finalmente, el
usuario puede elegir entre Easyport o PLC Siemens, para controlar la maquina con la légica programable

que el usuario desee.

Palabras clave: Clasificacion, HMI, sensor, interactivo, educacion, electronico.



ABSTRACT

This paper presents a proposal for an automation laboratory using a sorting FESTO module. The laboratory
practice will work as an introduction into the applications in the industrial field by developing a Human-
Machine Interface in the software Labview. The user has the possibility to manage all the sensors and
actuators of the sorting machine. Finally, the user can choose between Easyport or Siemens PLC, to control

the machine with the programable logic that the user desires.

Key words: Sorting, HMI, sensor, interactive, education, electronic.
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using a sorting festo machine
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Abstract—This paper presents a proposal for an automation
laboratory using a sorting FESTO module. The laboratory
practice will work as an introduction into the applications in
the industrial field by developing a Human-Machine Interface
in the software Labview. The user has the possibility to manage
all the sensors and actuators of the sorting machine. Finally,
the user can choose between Easyport or Siemens PLC, to
control the machine with the programable logic that the user
desires.

keywords—Sorting, HMI, sensor, interactive, education, elec-
tronic.

I. INTRODUCTION

Nowadays, students can investigate scientific phenomena
using tools like data collection techniques, models, and
theories of science in physical laboratories that support
interactions with the material world or in virtual laboratories
that take advantage of simulations [1]. Finding ways for
students to have a more active development through practice
is fundamental in learning electronics and automation. [2].
Considering a lot of students retire from Electronics Engi-
neering in the earliest of the career, is crucial to incentive
them by showing how they could applied all the knowledge
acquires in the first two years of the career.

For the development of the practice we will have an initial
vision of the operation of LabVIEW and the interface of a
SIEMENS PLC.

LabVIEW works as a graphical environment for program-
ming, using a block method that allows interconnecting
inputs and outputs in an intuitive way [3]. These blocks
function as a flowchart, in which many of them are a library
that helps to simplify the student’s work [4].

The Festo Sorting Machine consists of a modular machine
that provides various inputs (actuators) and outputs (sensors)
for the manipulation and control of a cap sorting system. [5]

This paper is organized in the following manner: First,
Section II describes the hole identification of the elements
of the Festo Sorting Machine. Section III describes in a
brief way how to connect with the software Labview by
using EasyPort. Section IV, describes also in a brief way
how to communicate by PLC SIEMENS - TIAPORTAL.
Later, in Section V an example of how the interface and the
programmable logic will work. Results and discussion about
the impact of the laboratory proposal are given in Section
VI. Finally, our concluding remarks are given in Section
VIIL
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Fig. 2: Festo Sorting Machine upper diagram view.

II. FESTO SORTING MACHINE

The first step is to know the Festo sorting module, this
one will be represented by the figure 1.

Then, we must know where all the sensors and actuators
are, them are shown in figure 2.

All sensors and actuators are summarized in Table 1.

TABLE I: Inputs

Function
Detect any kind of material in the band
Detect any kind of material which enters the detection module
Detects the red and the metallic work pieces
Detects the metallic work piece
To know if the chutes are full

Number Type
Optical Sensor
Fork Light Barrier
Diffuse Light Sensor
Inductive Proximity Sensor
Retro-Reflective Sensor

LA —

Now we can identify them in the real Machine that we
have in Lab. The sensors are identified by numbers in the
figure 3.

Finally the outputs are described on the Table 2.

978-1-6654-8014-7/22/$31.00 ©2022 IEEE
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Fig. 3: Inputs in the Festo Machine.
TABLE II: Outputs

Number Type Function
1 Conveyor Belt Motor Moves the belt of the system
2 Section 1 Motor Ejects to the first chute
3 Section 2 Motor Ejects to the second chute
4 Pneumatic Piston Stop the piece to start the process

III. LABVIEW INTERFACE AND EASYPORT CONNECTION

In order to use Easy Port for communicate the Festo Sort-
ing Machine, The students will be using Labview Software
and the extension of ActiveX, so it is necessary to have
ActiveX controller installed on Labview.

The detail description on how to connect to LabVIEW
using EasyPort are described on appendix. On resume we
have to:

1) Add the ActiveX Container

2) Chose Insert ActiveX object, by making a right click
on the ActiveX Container

3) Then look for Festo Controller

4) On the programming side, we add the communication
protocol by looking for Connectivity -; ActiveX -/,
Automation Open Invoke Node

5) Then, we must add three invokes nodes Connectivity
-¢, ActiveX -; Invoke Node

6) The Automation Open, is to set the protocol of the
communication between Labview and the sorting ma-
chine, and the two invokes nodes are to see the correct
module of the Easyport side, and set an automation
send of data.

7) Then we finally make a while structure and the end
of the communication protocol.

8) To send or get the information, we must add the Invoke
Nodes of SetOutputWord and GetDigitallnput

9) After making the blocks, we put the system in function

to identify all the sensors.

After we identify the sensors(inputs), we must identify

the actuators(outputs).

After identifying the whole system, we can proceed

to program the Labview part.

10)

1)

IV. PLC SIEMENS - TIAPORTAL

Now, in order to connect to a PLC, it is necessary to have
TIAPORTAL which is the software to program the PLC
SIEMENS. Also the detail description on how to connect
to LabVIEW using EasyPort are described on appendix. On
resume we have to:
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Fig. 4: Example of Labview Interface.

o Connect the PLC with the computer through the Eth-
ernet port. Open TiaPortal icon.

o Create a new project.

« Choose a new device

¢ Add new device and choose CPU of your PLC, in this
case is: CPU 1215C DC/DC/DC, 6ES7 215 -1AG40-
0XBO0, V4.4

o We need to deactivate all of protections, so we must
choose the following options.

o Program In Labview.

V. STUDENTS SURVEY

In order to know if the proposal has an impact on the
perspective of students about the career; A survey has been
conducted to ten engineering students of third semester of
different careers of San Francisco University (USFQ). The
statements shown in the questionnaire are:

1) Which engineering are you studing?

2) Semester that you are taking?

3) The manual has enough information to make a suc-
cessful communication between LabVIEW and the
Festo Machine?

4) The manual was difficult to understand or the manual
skips steps to make the machine works?

5) The laboratory practice elevates my desire in the
applications of electronic engineer in the industry?

6) Does the system proposed in the manual allow to
control all sensors and actuators of the machine?

7) Do you consider it necessary to have COMPLETE
programming knowledge to be able to carry out the
practice proposed in the manual?

8) In which semester do you think it is possible to carry
out the practice proposed by the manual?

The survey presents multiple choice answers that are
shown in the Results.
VI. RESULTS

This section describes how will look an interface made
by students in the laboratory proposed by the paper and also
shows the results of the survey made to engineering students
A. Practice Results

The Labview interface results are shown in the figure 4:



=T R TR SEV - -

16
14
12

=T . ]

The system allows to control all inputs
and outputs

El sistema propuestoenel.. -
| Si

Fig. 10: Q6.

It is necessary to have COMPLETE
programming knowledge to do the
practice

Considera necesario tener... -

mNo

Fig. 11: Q7.

In which semester do you think you will
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Manual has enought information

m Si

Fig. 7: Q3.

Manual was difficult to understand
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mNo

Fig. 8: Q4.

My interest incress with this manual

La practica elevo mi interésen... *
N Bastante

m Normal

Fig. 9: Q5.
B. Survey Results

The results of the survey in general provides positive
feedback

VII. CONCLUSION

This work represents an easy way to give a simple

example of industrial applications to students that are start-
ing their career on Electronic and Automation engineering.

Therefore, it helps students increase their desire to learn
electronic engineering, using interactive tools and modular
machines such as the FESTO sorter machine.. The Lab-
VIEW interface meets all these characteristics of learning
to give a clear view about the programming side and
the Human Machine Interface, based on simplicity’s and
functionality. There is several ways to make an interactive
laboratory for young students of the career, this work is a
good example on how to get to more students even outside
the career.
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WORK OF A SORTING FESTO MACHINE
ABSTRACT:

The following document presents a laboratory practice to learn about an industrial automation process. The
systems consist of a Festo sorting module which will take 4 different types of caps that will enter on a band to be
identified later, and then get classified into 3 different chutes depending on the material of the cap.

The practice can be divided into parts, the first one consists of only the communication of the Festo sorting
module with the software Labview by using an Easyport module or by using a PLC siemens. The second part will
be the programing in Labview or a PLC.

PRACTIC DEVELOPMENT

The first step is to know the Festo sorting module, this one will be represented by the figure.

System MPS®
MPS® Station Sortieren
MPS® Sorting station

Figure 1.
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Then, we must know where all the sensors and actuators are:

15

- === T :
—f ¢ [[?] e ‘
4 3 @
|
Ch = |
1
63 1
=
- |
Figure 2.
INPUTS
Number Type Function
. Detect any kind of material in the
1 Optical Sensor
band
. . Detect any kind of material which
? Fork Light Barrier enters the detection module
. . The diffuse light sensor detects the
3 Diffuse Light Sensor red and the metallic workpieces
4 Inductive Proximity Sensor Detects the metallic workpiece
5 Retro-Reflective Sensor To know if the chutes are full

Figure 3.
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OUTPUTS
Number Type Function
1 Conveyor Belt Motor To move the belt
2 Section 1 Motor Ejects to the first chute
3 Section 2 Motor Ejects to the second chute
4 Inductive Proximity Sensor Pneumatic piston to stop the piece

COMMUNICATE BY EASYPORT

In order to use Easy Port for communicate the Festo Sorting Machine, The students will be using Labview
Software and the extension of ActiveX, so it’s necessary to have ActiveX controller installed on Labview.

1. Add the ActiveX Container.

Untitled 1 Front Panel *

Windaa:  Haln

{:] Controls
24pt Application F
L P2 APPICAON 1y e

File

Edit

s

View Project

Operate Tools

Data Containers

Variant & Class

NXG Style

Silver

System

Classic

Express

Control & Simulation

Signal Processing
Addons

User Controls
Select a Control...
DSC Medule

PaurmearoeT UaraTa T TUTES TESTEuw:

& |
L;.'

@
o
9

ean

ey
(I

List, Table & Tree

H el

QA
o

&

Decorations

EEEC . 1 o

ActiveX
Container

1
< N
al
. ..
1o Sot |
_@ Modulo No
Refnum

File Edit Tools V

5 %

View Project Operate

%

EasyPort

P!'"' EasyPort B
[ Comeet 3

NET & ActiveX

ActiveX Container
ne net
= .

PictureBox

Web Browser Windows Media
Player +

met
-5
=4

RichTextBox

PAGE 3



2. Chose Insert ActiveX object, by making a right click on the ActiveX Container

Untitled 1 Front Panel *
File Edit View Project Operate Tools Window Help
5 11 | 24pt Application Font « | §ov o v D~

ActiveX Container

Visible Items
Find Terminal

Change to Indicator
Make Type Def.
Description and Tip...

Create

Replace

Data Operations
Advanced

Fit Control to Pane
Scale Object with Pane

Autosizing

Insert ActiveX Object ...

Properties

3. Then look for Festo Controller

File Edit View Project Operate Tools Window Help

5 I [ 24pt Application Font ~ | §ov Gov v b~

ActiveX Container

Select ActiveX Object

Create Control

Validate Servers

CWSlide Control (MNational Instruments)
DeviceManager Class

Festo EasyPort ActiveX Control
HHComponentActivator Class

HHCtrl Object

HHCtrl Object

HHCtrl Object
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LHTaaBrowser. TaaDisplav

Cancel
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4. On the programming side, we add the communication protocol by looking for Connectivity -> ActiveX ->

Automation Open Invoke Node

2 untitled 2 Block Diagram *
File Edit View Project Operate Tools

<31 Functions
W Programming

P®@N G %W wag o

EasyPort

R i cctivity

5. Then, we must add three invokes nodes Connectivity -> ActiveX -> Invoke Node
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SetAutoSendMode

' Modindex ’

v ChannelMask
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6. The Automation Open, is to set the protocol of the communication between Labview and the sorting

machine, and the two invokes nodes are to see the correct module of the Easyport side, and set an
automation send of data.

In this step, is necessary to connect the blocks to the EasyPort to appear.

7. Then we finally make a while structure and the end of the communication protocol.

EasyPort

= [P ] O . ]
é n+ EasyPort nm+ EasyPort sk EasyPort D[ s
1] Connect  » SetAutoSendMode B Disconnect 1 le D

m v Modlndex v

v ChannelMazk

8. To send or get the information, we must add the Invoke Nodes of SetOutputWord and GetDigitallnput

EasyPort

> -
r =
o) o

ol

2 "% EasyPort hot  EasyPort 5 e 53 Eaypor S
SetAutoSendMode T n| |#
o] Meodind Disconnect
4 cdindex L
- ChannelMask  + Bwd EasyPort B

Modulo No

123

13

SetOutputWord

W+ EasyPort D
GetDigitallnput0»)

+ WordIndex

o
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Depending on how we want to manage the data, we will transform to Boolean data or work it like a constant

value.
Inputs and Outputs

Due to, we need to have the data from each sensor, we must transform the constant value to an array of Boolean

information, where each element will be each sensor.

9. After making the blocks, we put the system in function to identify all the sensors.

EasyPort

5
33 "+ EasyPort !‘,'—ﬁ’!"‘i EasyPort R [R+ EasyPort !’.‘ element
3| [ Connect | SetAutoSendMode | GetDigitallnput0y—T&t=) y

element

J »  Modindex |
element 1 [ cranneives

2
element 2

element 3

element 4

Medule No

element 5

element 6

Modulo No

Pieza en Banda

Seccion 1 Activa
°

Sensor de Stack
°

Seccion 2 Activa
°

Pieza en Espera

element 5

element 6

2mao@oc 8 nm
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1. After identifying the whole system, we can proceed to program the Labview part.

Banda Transportadora

Sensor Banda

Seccion 1 Activa Seccion 1
. -,

Sensor de Stack

Seccion 2 Activa

Sensor U

Color

Metalica

Modulo No
1

EasyPort
F T 4 EasyPort § a+  EasyPort § I ‘:’!‘"’ EasyPort El Pieza en Banda

| Connect | E_I_ SethutoSendMode | GetDigitalinputl |—FE4
’ Medlndex L

» ChannelMask 4

Seccion 1 Activa

Medulo Ne

Sensor de Stack ganda Transportadora Bk EasyPort ©
SetOutputWord
v Modindex
+ Wordlndex
P Value Y
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COMMUNICATE BY PLC SIEMENS - TIAPORTAL

1.

2.

4.

22

Connect the PLC with the computer through the Ethernet port. Open TiaPortal icon.

Create a new project.
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Parameterize drive

Configure an HM screen

Open the project view

“Add new device” and choose CPU of your PLC, in this case is: CPU 1215C DC/DC/DC, 6ES7 215 -1AG40-

0XBo, V4.4

PAGE 9



ers\ProfesoresiDocumentsiAutomation\Project2Project2

Add new device

Totally Integrated Automation

networks

vimcru
I Devices & @ Show all devices » e I2E A

& CPU 1211C0C

Centroler

@ Add new device

Ha
[;] ~ [ CPU 1215C X

DCiRly
OIDC

CPU 1215€ DCIDODE

Arcle no 6E57 215-1AG40-0XBO
Versien V46 -
- Description.

Work memary 200 KB; 24VDC power supply with
Di14 x 24VDC SINKSOURCE, D10 x 24VDC and

@ Configure nety Il ses7 2151463 10x80 0o AOT o Eoitk  Tlalshend Couniers
[ €57 215-14G200x80 and & pulze cutputs onboard: zignsl boerd
PCzyste @cru expands onbosrd I/0; up to 3 communication
v modules for senal communiation, up 10 8
&< zignal modules for II0 expansian, PROFINET IO
@ CPU 1212FC DCDC controller, 2 portz, idevice, tranzport protocol 2
[ CPU 1212FC DODC TCHIP, secure Open User Communication, 57
« communication, Web server, OPC UA: Server DA
Drives

& CPUSIPLUS
0 CPU SIPLUS A4

P Project view pened project:  C:\Users\Prof esores\Documents\Automation\Project2\Project2

Protection af confideial PLC data
Salect whether your, Lo

Protecthon o

anfidential PLC data Profection of confidential PLC condiguration data activated:
- Confdensel PLL configunsman dess (=g, OFC UA cemficenss) ens protecoed b the TIA Ponal
preject and durieg suntime.

- Hehe FLC myst be replaced with 2 replecemens PLL the pesswond for the proecoon of
canfdential FLC cosfiguration dats must alse be sisigned for the sew FLC.

and HM
"

Prodection of confidential FLC condiguration data deaciivated:
- Configensiel PLC configurason dem (2.0 OFTC UA Cemficates] are nos pronecoed i the TIA
Fartal groject and during runtima.

- HO SEECHS] PRSEWTIT TRSTIMENT hEn raplaci g the sutstmune PLC

= Pratects the PLC configuration dam fom the TiA
Partal prejmst and sha PLC

TAprager Pl Configeration
dats

MEas Finish Casel

Mo Tor PGAPC and HM comsnunication
‘Select how the PLC may communicane wmith PGIRC pnd Mz,

Onily sat e PGIFC communication allowed:
- Communication $o FRIFC and HUl wits highe security sindard
- Commenizatizn 12 T4 Porsal < V17 and HME systems < W17 i net paasble

- Cemmunization pericnmance might ke educes

Legacy and secure PGIPC communication permitied:

=G rnigation ssourity 1o FGFC and Hidi scconding 10 the eptions of bath cem music ston
partnan

= Cam munication 10 Tl Portal « 17 and HM B0ems = VAT | pessible. Higher TiA fomal
TSNS reue @ separ e axtieation o the Legasy so=mumniceREn

= 0T YA LR e Soivmane g L B hig Fese wwhien anly begsly PGIPC Comimunicssion &

uued
| o s smcume PGPE and HM communica Son
PGIFC and HIA BE
Secune
Eommunication
————

Legaey

wxBach s Fanciby Carcel

Gelect how the FLC % oo be acoessed without pazswerd pro

Full acoess [ probection):

° - T

& PLC access protection Read acces
Livers have resd-cnly scoes to PLC !ﬂ'\FﬂUlﬂ“ﬂf deeaieg

HM access:
Only WAl sccess and access 1o disgnostics dats i possile.
o TGS,

No access (complete protection):

Passward bor fill Becess

w<Bmek e

tmcsen,

Al pers arve fiull acoess to openations thes medify stendand peoject decs. Mo passwond i

hershvesre corfiguration, blacks)

Ltiars can alsa change the PLE azantng dtabe (UNISTOR and tputen Bma

This includes reed and wiite scoess

T Porial wesers and HM applcations will nos have pozess s any funcoon:

eces bevet withowt oz [ N

Finich

PAGE 10



6. Program In Labview
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