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Preface

When talking at present about visualisation and simulation, the first term that comes to mind
is Digital Twin. This thesis is about creating 3D models with the software package: Visual
Components to show different aspects of the automation industry and the communication
between a digital twin and a PLC (programmable logic controller). The project started at the
end of February and ended at the beginning of June. The project took place at the Hame
University of applied sciences (HAMK) in Valkeakoski, Finland.

The desire for this project comes from my interest in PLC programming. During my
professional bachelor's degree, I worked with PLCs and an industrial hardware process for my
internship. I find this subject fascinating because digital twins are becoming more and more
popular, and now | have experienced both sides.

After this thesis, | will finish my master’s degree in Electromechanical Engineering,
specialising in automation technology. This degree is a joint study programme from UHasselt
& KULeuven at Diepenbeek, Belgium.

Throughout this project's journey, | had the opportunity to expand my experience
communication-wise with Tia Portal (Siemens). | had a short introduction to working with
Twincat (Beckhoff), which | had never used before. The most knowledge/ experience | gained
is working with a digital twin, and this was done with the software Visual Components where
I created my 3D models and controlled them with a PLC. | completed the requirements that
HAMK provided me, but | could design even more complex models with more time. The
thesis took place on Erasmus, and | was here for only four months. Because of the different
universities, much communication was required to come to an agreed subject for the project.
This meant the start was a bit slower, but | only had two courses in Belgium left, so | had
much time to work on the thesis.

Being an exchange student is not only about doing your thesis at a different university; it
teaches you so much more. Before | came here, | could write and understand English at a
decent level, but now | am way more confident in speaking it. | met people from all over the
world and made some friends for life. | explored the country in my free time and discovered
many lovely places in Finland. Aurora Borealis (Northern light) in Lapland is one I will never
forget.

First, I would like to thank my supervisors from HAMK, ir. J. -P. Nowak, ir. J.Horelli and ir.
J. Sarkula for the continuous support and feedback they provided. | would also like to thank
my supervisors from UHasselt/KULeuven, Prof. dr. ir. M. Daenen and ir. G. Leen for their
professional guidance and support throughout this project.






Table of contents

5 =TSSP 1
I TSy 0 T U OSSP 5
TSy ) i - o SRS 7
GIOSSAIY ...ttt bkt bbb bbb e b ekt E b e R SRR E AR R £ SRR R £ R ekt Rkt nR ekt R bt b bt n et b ne s 9
A 1] £ =T OSSOSO USSR 11
ADSEFACT IN DIULCK ...ttt b ettt b et e s bt s b e s be st sb et e b e e enseneese e st eneetesreaneas 13
1 oA ol [0 Tox 4 o] o [OOSR SRS USSR 15
11 LO0] 01 1= IS T TP TP U PR TP PSPPI 15
1.2 PrODIEM STAIEMENT. ......e it bbb bbbttt b et b et e bbb e 15
1.3 LC oL | TSRS UP U P RTOURTUPTPR 16
1.4 =11 4T o BRSPS 16
1.5 SErUCTUIE OF the SCIIPLION ....c.eiicii et e et se e e eseereeaeerenes 17

2 LT = L] IR 100 YOS 19
2.1 Digital twin state 0f the @rt.........ccociieiicce e 20
2.1 1 Whatis @ digital tWiN?.......ccccviiie ettt e e e e e nne s 20

2.1.2  INAUSEHIAl @PPHCALIONS ...t bbbttt et 21

2.1.3  PrOGUCT GESTON ..ottt bbb bbbt b et b ettt ettt et b et r e 21

P2 O o (oo [1Tod 1o o OSSOSO 21

2.1.5  Prognostics and Health Management (PHM) ..o 21

P L T © 1 o1 USRS 22

2.2 Verification and Validation............ccoviiiiiie et 22
221 Model in the 100D (IMIL)....couiiiieieie et bbbt neere e ene 22

2.2.2  SOftware in the 100D (SIL) ...eiiiiieiiiee e ettt sne s 23

2.2.3  Processor in the 100D (PIL) ...cc.oieieiiiiieieei ettt bbb et e e sne 23

2.2.4  Hardware in the 100D (HIL) ..cc.ooiiiicee e 23

2.3 =Tl 0T 1] =T gl L= SRS 24
2.4 Open Platform Communication (OPC) .......ccceiieiiiieieieieeieie et s sre e 24
O R = - Uod o[ (0 T¥ o SRS 24

2.4.2  SYSTEM ArCRITECIUIE .....vviii ettt te st et e s e e e saesaeseeneenearesnennens 25

2.5 Review different SOftWare PaCKages .......coveveveiiieisese e nreers 25
251 ViSUAI COMPONENTS ...ttt ettt bbbt bbbttt ne et sn bbb nne 25

2.5.2  SIBMENS INX .ttt ettt ettt a e te b e et e benteee et e te et et e et et eneereeneenenrenreaneas 26

2.5.3  EMUIALE3D ....ocieeiceieee ettt sttt e bt ettt re e s e neereerenreane s 27

2.6 Experience with digital twins for educational PUFPOSES ..........cccoiriiriinienee e 27
2.7 (O] T (1151 T ] o SO USRSRPRRR 28

3 SYSTEIM STFUCTUIE. ..ottt ettt b e b h b b ee b e e e bt et e b e et e bt n e sreene 29
3.1 OPC UA COMMUNICALION ...ttt sttt sttt b e bbb b e e et es et e e eneesesneebeeeas 29
311 ST-PLCSIM AQVANCEA ... ..o iieiiiieiiiieiesieie sttt sttt sttt ettt et sttt te st e s benenaens 29

3.2 Connectivity in ViSUal COMPONENTS .......couiiuiiiieiieiiieeeieiieieee ettt se et e e sbesbesbe b ees 30

4 SOFtWATNE FUNCLIONAIITIES ........eiiieiieie bttt b bbb 33

4.1 0T ot = YoTR 1 [0 T 33



.11 PrOUUCE LYPES ..ottt bbbtk e bbb bbb bt bbbt bbbt e eb st eb et eb e ene e 33

412 PrOCESS TIOW....eeeie bttt et ere et 34

4.1.3  PIOCESS SEEP .. .teteitietteeteeste et ettt ettt sttt s bt e b e ke e be e b e e e bt e s b e eb £ e s b e eheea bt ebe e bt Re e eReeRr e eRe e R sheennenbeenbenreen 34

4.2 RODOL PrOGIAMMING ...eeviieiieitete et bbb b bbb b e b et e et e e et e st et e e b e ebeebenes 35
4.3 10T 1= | TSSO 36
A.3.1 3D MOUBIS. ..ttt bbb bbb e bbbt n e bt et b bt et e et bt 36

A Y, (oYY T )7 Ty TSSO 37

T T = (0] o T-T 1TSS 37

434 BERAVIOUIS ..ottt ettt s e e b et b et b et b etk ekt ettt bbbt bbbt be et e 38

R T =V 1] T8Tod | ) TSP 38

A.3.8  PRYSICS ..ttt bbb bbb e b e bR bbbt bbb et e 39

4.4 WOTKS TIDFAIY ...ttt bbbt bbbttt 40

5 =T | £ SRS 41
5.1 Case 1: analysing production feed with process flOW..........cccooeireiniiiinsene e 41
5.2 Case 2: programming @ Welding rODOL ...........ccooiiiiiiiiiie e 44
5.3 Examples of modelled COMPONENTS..........couiiiiiiiieee e 47
oI TB A o (oo (U Tod =T To [T RSOOSR USSR 47

ST T4 1o £ J OO U TR U PR PROP 49

TR T 4 Vot (U L0 £ T OO PP TSP PR PROPN 52

5.3.4  CONVEYOI DEITS ...t bbb bbb ettt e et et e b et beene 56

5.4 Combination t0 a 1aboratory SELUD .......ccieiiiiie ettt et e e re e resreens 58

6 L00] o To] [11SYTo o HOO O OO 65
27T o] 10T 1] 1) Y28 SRUSRSS S PS 67
AANINIEXES ...ttt ettt etk h bt bbb bRk h R R R bR E R £ e R SR £ 4R £ SR £ SR £ AR e AR £ AR £ AR AR e R e R R R b e e e Rt e Rt ebe bt ereeb e s b ere s 69

S |V =0T - 69



List of figures

FIQUIE L HAMEK OO ...ttt et ae e e 15
Figure 2 Example digital twin [1, P.607] ....ooeiieiiiiiiiieee e 15
Figure 3 Example of a model in the 1aboratory..........cccccooeiieie i 16
Figure 4 Mind map from the main structure of the Study ...........cccevveiviiiiie 19
Figure 5 Three-dimension DT model [4, P.2406] ........ccooeiiriienineierieeeeee e 20
Figure 6 Development of the DT research [4, p.2407] ...ccoveiveie e 20
Figure 7 Distribution of DT publications [4, p. 2409] ... 21
Figure 8 Verification and validation principle [3, p.12] ... 22
Figure 9 Visual representation of SIL [3, P.14] cooooveiieieiieieee e 23
Figure 10 Basic principle OPC client-server [3, P.25] ... 24
Figure 11 Overview components of an OPC UA architecture [7, p.13] ....ccooeieiiiiiiniiine 25
Figure 12 Interface of VC sOftware [11, P.3].ccvcoeiieiieeiiereee e 26
Figure 13 Example of a model in Siemens NX [3, P.19] ...ooovoiiiiiiieeeee e 26
Figure 14 Interface of Emulate3D [[11, P.4] . oo 27
FIQUIE 15 SYSTEM SIIUCTUIE.......iitiiiiiieiieiiei ettt bbb 29
Figure 16 Ethernet adapter SEIINGS ......ecviieeie et 29
Figure 17 PLCSIM AGVANCE SEIUP ....eiueiiiiieieite ittt 30
Figure 18 OPC UA server CONNECLION IN VC ......ccoouiiiiiiiiiieiene e 30
Figure 19 Connected variables iN VC ..o 31
Figure 20 Product tyPe AITON ........ccouviiieiie ettt 33
Figure 21 ProCess fIOW EAITON..........cviiiiiiiieecs e 34
Figure 22 ProCess STEP EUITOT ......c.civieieciececce ettt saa s 34
Figure 23 Robot program with Statements ...........cccveiieiiiiiie e 35
Figure 24 ACtions CONTIGUIALION .......oouiiiiiiieiiesie et 35
FIQUIE 25 JOINTVAIUBS ..ottt te e e sneens 36
Figure 26 Simple shapes for modelling.........cccooviiiiiiii i 36
Figure 27 One firm object vs exploded ODJECE ..........ccooiiiiiiiiiee e 37
Figure 28 Raycast COMPONENT PrOPEITIES ......ccuveveiierieeieieesieerie e sieenie e e sra e e sreesreeseesneeneas 37
Figure 29 List Of DENAVIOUIS .........iiiiiie e 38
Figure 30 Python script in MOdelling ..........coooiiiiiiiie e 38
Figure 31 PhySICS eNtItY PrOPEITIES ....cviiiecieeieeie ettt esna e 39
Figure 32 WOrKS task CONIOL.........ccveiiiiiiieeie ettt 40
FIQUIE 33 WOTKS PIOCESS ......eevitiiieii ettt ettt bbbttt b bbb eneas 40
Figure 34 SUpply Of raW ProUCES .........oviiiiiie e 41
Figure 35 Placing a finished product in @ boX..........cceoeiieiiiii i 41
Figure 36 FiNished assembly ..o 42
Figure 37 DITFErenCe iN SUPPIY ....oouiiiiieieee e 42
Figure 38 ProdUCLION FALE........cviiieiie ettt re e esaee e 43
Figure 39 Used ProCess COMPONENTS .........eciiiiiiieiieeieesiieesieesreesiee et e e sreesbeesteeeneesree s 44
Figure 40 Starting point 0f the Weld............ccooiiiiiii e 44
Figure 41 TraCing @ Path .....cc.ociiiii e 45
Figure 42 Frames Of @ Path.........ccoooiiii i 45
Figure 43 PropertieS CUIVe StALEIMENT ..........ociiiiiiiiieesieeei e 46
Figure 44 End of the Welding CYCIE .......coooieieie e 46
Figure 45 Custom ProduCt TEEUBT ........cviivieiie e 47
Figure 46 Component graph of CUStOM FEEUET ...........ooiiiiiiiiee e 48
Figure 47 ProducCtCreator PrOPEITIES .......c.eiveieeie e e eiesee st ste e ste e re et sre e esaeeeas 48
FIQUIE 48 RAYCASE SENSON ... ..iivieiiieiiee sttt et ettt te e stte et e st e be e e et e s b e e s be e s beesbeesnbeenteeanneenneeanes 49
Figure 49 Component graph of & rayCast SENSON ..........ccuviiieiiererere e 49

Figure 50 Properties of a raycast Sensor DENaVIOU...........cccccveveiieiicic e 50



Figure 51 PrinCiple VOIUME SENSOK .....c..iiiiieeiece ettt sna e 50

Figure 52 Measured VOIUME. ..........ciiiiiiiiciee ettt ettt e esaae e 51
Figure 53 Properties of a volume sensor Behaviour ..o 51
Figure 54 Component graph of & VOIUME SENSOT .........ccoviiiiiiiiieric e 52
Figure 55 PneumatiCc CYIINUEE .......coviiieieceece et 52
Figure 56 Component graph of a pneumatic CyliNGer..........ccooeieiieie e 53
Figure 57 Connection between boolean and Python SCrPt...........ccvviiiriiniiiinieiesc s 53
Figure 58 Properties of @ JOIN/IINK ........ccooiiiiie e 54
Figure 59 Pneumatic rotary aCtUALON ...........covueiiiiiiie ittt 54
Figure 60 Component graph of a rotary aCtuator ............coceiererenenenieeeeeeee e 55
Figure 61 Linear VaCUUM ACUALOT ........cccviiieieeieseesie e see ettt sae e ra e e enee e e e 55
Figure 62 Component graph of @ VaCuum aCtUator ...........cccvveiieeiieiiieeiie e 56
FIQUIE B3 CONVEYOI ...ttt bbbttt et nn bbb nbeeneas 56
Figure 64 INterface PrOPEILIES .......iiieiie ettt esraens 57
Figure 65 Root and phySiCS COARN .........uiiiiiiiiie e 57
Figure 66 Total VIEW OF the SEIUD.......oiiiiiieiee e 58
Figure 67 USed ProAUCT TYPES. .. .eciiiieeieciecieesiesee s te ettt e e ae s e sraeaeeneesneens 58
Figure 68 Step 1: SOrting DASEA ON SIZE.......cccvviiiiiie et 59
Figure 69 Step 2: cylinders get separated from BIOCKS ... 59
Figure 70 Step 3: sorting cylinders based on material/colour.............cccoovvveviviieiieiecce s, 60
Figure 71 Step 4: end of process for the white Cylinders...........ccccovvveveiieiecce e, 60
Figure 72 Step 5: processing White BIOCKS ... 61
Figure 73 WOrk proCess fEEA taSK ..........cciiiiriiriiiiisieieiee e 61
Figure 74 Feed task ParametersS..........cciiieiieie ettt saa e 61
Figure 75 Robot controller Parameters..........ocooiiieieiieiee e e 62
Figure 76 WOrks proCess NEEA taSK ..........cceririiriiiiiiieieiee e 62
Figure 77 Step 6: end of the process for the white bIOCKS ...........ccccovevviiivicii e, 63
Figure 78 Step 7: picking up red CYlINAErs ..........cooviiieiii e 63
Figure 79 Step 8: end of process of the red CyliNders ..o 64

Figure 80 SAfely SCANNEN .....cc.vcii ettt te e e re e e s e nneenns 64



List of tables

Table 1 Explanation of phySiCS eNtity tYPES.....uvciuiiiiiiiiiecie e

Table 2 Process steps

Table 3 LiSt Of COMPONENES .......ccieiiieie et sreenee s






Glossary

AGV Automated guided vehicle

API Application programming interface

DT Digital twin

HIL Hardware in the loop

LIN Linear movement, the trajectory is a straight-lined path
MIL Model in the loop

OPC UA Open Platform Communication Unified Architecture
PHM Prognostics and Health Management

PIL Processor in the loop

PLC Programmable logic controller

PTP Point to point movement, the trajectory is the fastest
SIL Software in the loop

TCP Tool centre point

TCP/IP Transmission control protocol/ Internet protocol

VC Visual Components







Abstract

HAMK (Hame University of Applied Sciences) in Finland wants the possibility to give
practical laboratories about PLC programming online and the option for students to practice at
home with digital twins. This thesis investigates the possibilities of recreating hardware set-
ups related to industrial applications in a 3D simulation and controlling them with a PLC. The
main requirement was to examine if the software package could recreate existing hardware
models at HAMK. The models exist of optical, material and colour sensors, different
actuators, and conveyor belts.

The first part of this master’s thesis was investigating which software was the most suitable
for the requirements of HAMK. This was determined by doing a literature study about digital
twins and different software packages. The first step was to get familiar with the chosen
software package, Visual Components. A significant part of this thesis was creating the 3D
models and adding Python scripts to be able to control them with a PLC.

With the created models, it was possible to recreate the existing hardware models and
simulate them with a PLC. The models have a physics feature, which means they can be
influenced by the environment, making them even more realistic. Working with the software
showed endless possibilities but also some flaws. Depending which functionality of the
software was used, it was impossible to change the course of a robotic arm and AGV to avoid
collisions.






Abstract in Dutch

HAMK (Hame University of Applied Sciences) in Finland wil de mogelijkheid om praktische
lessen (PLC-programmeren) online te geven alsook de optie voor studenten om thuis te
oefenen met digital twins. Deze thesis onderzoekt de mogelijkheden om hardware producten
met betrekking tot industriéle toepassingen te ontwikkelen en deze te besturen met een PLC.
Het hoofddoel was onderzoeken of het mogelijk is om bestaande hardware modellen
aanwezig op HAMK te recreéren met het softwarepakket. De modellen bestaan uit optische,
materiaal en kleur sensoren, verschillende actuatoren en transportbanden.

Het eerste gedeelte van deze masterproef was het bepalen van de meeste geschikte software
voor de vereisten van HAMK. Dit is bepaald doormiddel van een literatuurstudie over digital
twins en de verschillende softwarepakketten hiervoor. De eerste stap was vertrouwd raken
met gekozen de software, namelijk Visual Components. Het belangrijkste onderdeel van deze
thesis was het creéren van de 3D-modellen met bijhorende Python scripts, zodat de PLC deze
modellen kon manipuleren.

De gecreéerde modellen geven de mogelijkheid om de hardware modellen te recreéren in de
software en deze te simuleren met een PLC. De modellen hebben ook fysieke eigenschappen
waardoor de omgeving ze kan beinvloeden en de simulatie nog realistischer wordt. Werken
met de software liet vele mogelijkheden zien, maar ook gebreken. Afhankelijk met welk deel
van de software werd gewerkt, was het onmoglijk om het pad van een robot aan te passen en
dus botsingen te vermijden.






1 Introduction
1.1 Context

The project occurred at HAMK (Hame University of Applied Sciences) in Valkeakoski,
Finland. HAMK has seven campuses spread in the Helsinki metropolitan area of southern
Finland. The first roots of HAMK go back to 1840, when their first campus taught
agricultural education. Currently, the degrees are focused on bioeconomy, wellbeing,
technology, entrepreneurship, and business. Next to their degree programmes, four research
units work on assignments for companies and the public sector.

HAINIK

HAMEEN AMMATTIKORKEAKOULU
HAME UNIVERSITY OF APPLIED SCIENCES

Figure 1 HAMK logo

1.2 Problem statement

The campus in Valkeakoski teaches electrical and automation engineering technologies. In the
laboratory at the campus, students work with PLCs and miniature industrial processes. During
the pandemic, this was not possible, which is one reason HAMK wants the option to teach
practical classes online; this is possible with digital twins. A second motivation is that digital
twins are becoming more and more popular, and through this way, students have a first
experience with them. Figure 2 shows an example of a digital twin.

Figure 2 Example digital twin [1, p.607]

Digital twins will be used more and more in the industry because of their many applications.
HAMK has one software package, CIROS from Festo, containing pre-designed models. But
they want to take it a step further and be able to create models from scratch.



1.3 Goals

The primary purpose of this thesis is to investigate if it is possible to recreate the existing
miniature industrial processes in the laboratory with the digital twin software. The created 3D
model must have the option to be controlled by a PLC (Siemens and Beckhoff). Figure 3
shows an example model in the laboratory. It consists of a few sensors, a conveyor belt and
some actuators.

Figure 3 Example of a model in the laboratory

The goal is to create these components separately and then combine them until a similar
model is created. With this model, students can practice the PLC programming and the
connectivity between the software and the PLC.

Besides creating a model during this thesis, writing a manual on making the components from
scratch was also required. With this manual, students can create their ideas/designs and
control them with a PLC.

1.4 Method

e Doing a literature study to learn more about digital twins and determine the most
optimal software package for the specific requirements.

e Designing models with existing components from the library to show different aspects
of automation like production feed, idle time, ...

e Creating components from scratch that possess physical behaviour.

e Combine the created components into a miniature industrial process.

e Control the model with the PLC.

16



1.5 Structure of the scription

The scription starts with a literature study, which explains the evolution of digital twins and
Open Platform Communication Unified Architecture (OPC UA). The second part of the
literature study compares different software packages and based on this, the most optimal is
chosen. The next chapter explains the used system structure and how the PLC communicates
with the software. The chapter about the functionalities of the software presents the
possibilities and applications of each functionality. The first part of the fifth chapter discusses
cases and examples created with the different software functionalities. The second part of this
chapter illustrates a setup that combines the cases and examples from the first part. The final
chapters discuss future work and the general conclusion.

17



18



2 Literature study

The thesis is about creating /designing a 3D simulation model which can be used for a virtual
laboratory assignment. When mentioning a 3D simulation model, the term digital twin (DT)
comes first to mind. The first part of this literature study is about the research/review of a
digital twin’s current state of the art. It will start with what precisely a DT is and in which
areas it can be used, and some main challenges a DT faces today. Most of the software to
create/simulate a DT can use Open Platform Communication Unified Architecture (OPC UA)
as the communication protocol for the connection between the DT and example, a simulated
PLC. A few of them have the option to communicate with PLCSIM-advanced from Siemens
directly, but OPC UA can use other manufacturers as well. In the second part of this study,
some research was done about the background of OPC and the system. Thirdly, some
examples are discussed created with different software. Lastly, based on existing
review/comparison papers and the research from the third part of this study, a conclusion is
drawn about which software is further used in the thesis. Figure 4 shows a visual
representation of the discussed paragraphs.

What is a DT
Industrial areas
Model in the loop (MIL)

Software in the loop (SIL)

Review of current state of the art of a DT

verification/validation Processor in the loop (PIL)
Hardware in the loop (HIL)

Main Challenges

Classic
Open Platform Communications (OPC) <
Unified Architecture (UA) Background

System architecture

Digital twin (DT)

Open issues
Visual Components
Comparison different software Siemens NX

Emulate 3D

Figure 4 Mind map from the main structure of the study
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2.1 Digital twin state of the art
2.1.1 What is a digital twin?

A digital twin (DT) is a popular research topic, and it made its first appearance in 2003, when
it was defined as a virtual model of an already existing physical model [2], [3]. There are still
different understandings of DTs and where the focus should be for the continued research.
One group believes the research direction should be purely on the simulation part [4]. Another
group argues that a DT consists of 3 parts: physical, virtual and connection parts and that the
combination of those three should be researched [4], [5]. The connection part is responsible
for exchanging data and information between the physical and virtual models. The essential
representation of this 3-part model is shown in Figure 5.

Physical Space Virtual Space
Figure 5 Three-dimension DT model [4, p.2406]

Digital twins can simulate events, and they do this not solely based on expert knowledge but
also using data collected from the field [3],[5], and [6]. The virtual representation can
compare the DT with the physical model and detect differences, which can point to failures or
wear of a product. For example, the data collected from the field can also be used as feedback
for companies on how their products are used in real-time and show them possible flaws and
where they can improve [7].

In the beginning, there weren’t many enthusiasts of a DT because there was not a clear view
of what would happen in the long term. After NASA showed what the possibilities were with
a DT in 2012, there was more interest in the technology [4]. Figure 6 illustrates the growth in
papers about DTs and considering this growth; it will only become more and more used by
the industry.

Formation Incubation Growth /
Stage Stage Stage /

40

30

20 <
)
§
§
£
- ‘\\;\'ﬂ \)._b
i \°¢
A\ ._\Q
o g &

Figure 6 Development of the DT research [4, p.2407]
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2.1.2 Industrial applications

This paragraph explains the four main applications of DTs that companies or researchers have
officially publicised. Figure 7 gives a visual representation of the different applications where
DTs are used.

DT applications in the product lifecycle

9% 18%

35%

® Design  ®Production PHM mOther

Figure 7 Distribution of DT publications [4, p. 2409]

2.1.3 Product design

DTs can be used for a variety of applications. The first one that comes to mind is product
design. The DT can show flaws in the early designing phases before producing the physical
product. It gives the user a 3D preview of an industrial line. For example, the DT can verify if
the parts/machines fit together before the actual implementation happens. It is even possible
to use multiple DTs for designing the layout of an entire factory [3], [4], [6].

2.1.4 Production

A DT used in the run time of a production line has many benefits. The first thing that comes
to mind is running the DT simultaneously besides the physical model and updating it with
real-time sensor data. This opens the possibility of visualising the production process
anywhere. One step further is to predict the physical model’s behaviour based on real-time
sensor data. The DT can be simulated faster than the actual runtime of the physical model [4],
[5]. Combining the two mentioned benefits can be used to optimise production/performance.
Based on the monitoring and behaviour predictions, adjustments can be made to prevent
failures before they occur [4]. These adjustments could be the intervention by an operator or
adjusting the planning of an autonomous system [7].

2.1.5 Prognostics and Health Management (PHM)

At present, DTs are used mainly for PHM. PHM means predicting the current state of a model
and predicting the life duration. The prediction of the life of an aircraft was the first timea DT
was used for PHM based on damage modelling, structural finite-element analysis, ... The
predictions went from the life of the wings to the probability of failure of the tires at
touchdown. PHM with DTs is not limited to aircraft but can also be used on cyber-physical
systems or manufacturing processes [4]. The DT used for PHM shows significant advantages
over the traditional PHM. An important difference is that the conventional PHM only uses
historical and current sensor data but cannot merge the current and historical data and apply it
to a simulation model to predict an outcome. Because of the connection between the virtual
and physical models, the virtual can constantly be updated based on real-time data to improve
the accuracy even more for predictions [4].
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2.1.6 Other

Another application is the combination of a DT and an OPC UA server to remotely control a
physical model from any computer. But as [7] mentions, this specific application is not on
point because the communication with the used software was not continuous, and the physical
model experienced lag. Virtual commissioning is also an option where a DT is useful. It is a
combination of product design and production because it is not purely to test upfront before
manufacturing a product or to simulate the production [8]. For example, when a new machine
is added to an existing production line and must be fine-tuned. The DT can search the optimal
parameters so that the physical model can be taken almost instantly in production.

2.2 Verification and validation

Verification and validation are used during product design and production itself. The two
phases were mentioned before, but this paragraph describes a few methods to accomplish this.
There are again a few definitions for what precisely verification and validation are. Still, the
main conclusion is that it verifies if the designer/operator is going in the right direction or
checks if a product meets a customer's requirements. These requirements can be about the
physical product or how good the visual model is representing the physical model. Figure 8
gives a visual representation of the difference between verification and validation [3].

Verification Validation

What the
modeler intends

What the
model does

Behaviour of
the real system

Figure 8 Verification and validation principle [3, p.12]

A few methods are discussed in the following subparagraphs, which are used the most in the
industry for verification and validation.

2.2.1 Model in the loop (MIL)

For this approach, the first step is designing a model of the physical plant, which has the
essential plant features in simulation software. Simulink is one of the most used software
packages. Once the model is created, the next step is creating/designing a controller block to
verify if it can run the simulated plant. The part where the logic of the controller model is
tested on the simulated plant is called the model in the loop (MIL) [3].
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2.2.2 Software in the loop (SIL)

This approach uses a virtual controller with code. It is connected to the virtual model through
a communication protocol (OPC UA, TCP/IP, etc.) which replaces the controller block from
MIL. The approach tests if the controller logic, once converted to code, can run on a hardware
controller. Figure 9 shows a schematic of a possible SIL setup [3].

SCADA / HMI =]y | :
(PC) H :

Virtual Controller
~ (Emulation / PC)

Communication
Infrastructure

Simulation Model
Virtual Plant

(PC)
( b TN
Manufacturing System "i.h’!: o S o
Production Process =g
\ - ! )

Figure 9 Visual representation of SIL [3, p.14]

2.2.3 Processor in the loop (PIL)

This approach is used for testing the code on the hardware controller but still with the virtual
model. This step will show if there are any bugs/errors in the code or problems with the
hardware controller. According to [3], this approach is not used often but is mainly applied in
the automotive industry.

2.2.4 Hardware in the loop (HIL)

Now that the controller and plant are verified with the previous approaches, the virtual model
can be switched with the physical model or run them both simultaneously, depending on the
application of the DT [3].
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2.3 Main challenges

Digital twins have received a great deal of attention in the last years, and so the technology is
still developing and not on point yet. A main drawback of the technology is that creating a
model consumes much time, and special training is needed [3]. Especially if the DT is used
for virtual commissioning only, the model is not useful anymore after the commissioning. So
the consumed time is not worth it at this stage of the technology. Because of the cyber-
physical fusion in a DT, security is a field that needs to be studied more in-depth. Thinking
about the OPC UA communication and remotely controlling a physical object, the security
should be strict [4]. Another challenge for companies is deciding to use a DT based on the
return of investment. It is difficult to quantify the value the DT delivers at present, and the
high price of the licenses is also a big argument in the decision [8].

2.4 Open Platform Communication (OPC)
2.4.1 Background

OPC is a communication protocol that allows automation/industrial data in an IT context.
Microsoft and a few automation companies developed it. It has three main functions:
exchanging data, exchanging alarms and events, and exchanging historical data. The first
version of OPC is called OPC classic and is based on Microsoft DCOM (communication
protocol developed by Microsoft) [3], [7], [9]. OPC UA ”is the data exchange standard for a
safe, reliable, manufacturer and platform-independent industrial communication” [9, p.2]. The
main difference with the classic version is that the UA version is not based anymore on
Microsoft DCOM technology and doesn’t need a Microsoft operating system. Another
significant advantage is that OPC UA allows communication between devices of different
manufacturers [3], [7].

OPC has a client-server architecture, and the client is connected to the server so that data can
be exchanged between devices. These devices can be physical or virtual models. Figure 10
shows the basic principle of an OPC client-server setup. It is possible to have multiple servers
in a single network, and these servers will process the client’s requests [3].

OPC
client E I
server
Control
PLC & devices

Figure 10 Basic principle OPC client-server [3, p.25]



2.4.2 System architecture

Figure 11 illustrates the main components of an OPC UA client-server setup. The
communication is achieved by Application Programming Interface (API), a software interface
between devices. The client can send requests through the API, and the server sends the
responses. The OPC UA server has an address space consisting of nodes [7]. Nodes are
similar to a folder structure on a computer, and each node has its unique identity [7], [9]. The
clients can access these nodes and create a reference (Monitored Item in figure 11). Whenever
there is a change in a Monitored Item, the data will change, or an alarm is triggered.
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1HREH| 1HE @ | |}
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I o 1 notifications | o r ]
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\ 1 I (_ '
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Figure 11 Overview components of an OPC UA architecture [7, p.13]

2.5 Review different software packages
2.5.1 Visual components

Visual Components (VC) can simulate material flow and robotics. The software uses the
NVIDIA PhysX engine. Because of this, the software can visualise the effect of physical
forces applied to the model depending on the material type. Another great feature of VC is
that an existing library already consists of different components from different manufacturers.
It is a network library, which means it is constantly updated. The software can import CAD
files from a long list of various software packages. The platform is also used for simulation
software from other manufacturers such as Kuka Sim and Octopuz. Another important fact is
that VVC can be connected with a programmable logic controller (PLC) from different
manufacturers, the hardware or software version [3], [7], [11]. The available PLC interfaces
are Beckhoff ADS, OPC UA and Siemens S7 communication protocol. VC uses Python as a
script development language, opening another option for communication interfaces [7], [11].

25



The website from VC provides a lot of free tutorials, and the software is very user-friendly
but still can implement complex layouts [11]. Visual components has the ability during the
configuration of the paring of variables to switch between “simulation to server” or “server to
simulation”. This option allows to receive information from the OPC-server or send it to the
OPC-server [7]. Figure 12 shows the user interface of VC with an example simulation model
loaded.
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Figure 12 Interface of VC software [11, p.3]

2.5.2 Siemens NX

Siemens NX can design and simulate designs and this all-in-one program, whereas other
programs mostly require multiple applications. The software package also uses the NVIDIA
PhysX engine, an excellent attribute for testing the behaviour when physical forces are
applied. NX can also import models created in other software packages, and these existing
models can be tested for their kinematic behaviour. Siemens NX can communicate through an
OPC UA-server or connect to a hardware controller. The disadvantage of using NX is that the
software has a lot of different applications, which makes it very complex, and there is not
much information or tutorials to find [3], [12].

Figure 13 illustrates an imported FESTO model in Siemens NX MCD. MCD is the
Mechatronics Concept Designer part of NX, which is the part that is responsible for the actual
simulation and kinematic behaviour of the model.

Figure 13 Example of a model in Siemens NX [3, p.19]
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2.5.3 Emulate3D

Emulate3D is another simulation software for industrial applications. The primary purpose is
to control the simulation model and do virtual measurements to see beforehand if there are
any problems with the size of components. The model can be simulated by a hardware or
software PLC, and this can be done with Fetch/Write protocols such as Mitsubishi, Siemens,
Beckhoff and Rockwell. The possible communication interfaces are Siemens PLC, OPC UA
and Beckhoff Soft PLC. The development languages are C# and Jscript, which compared to
Python with Visual Components, are harder to learn. The software itself cannot create models,
but with the supporting Demo3D modelling, software models can be made from scratch.
Emulate3D allows to import CAD files from different file types, and the list is a bit shorter
than VC or NX [11]. Figure 14 shows the user interface of Emulate3D.

Figure 14 Interface of Emulate3D [[11, p.4]

2.6 Experience with digital twins for educational purposes

According to [13] a big advantage of using digital twins for educational purposes is that it
creates extra motivation for students and it lets them expand their knowledge of the
automation sector. During the research the main obstacles were IT related, specifically with
the OPC communication protocol and connecting it to a PLC. Another factor is that the
software for creating DT is very complex, and the teacher does not have enough expertise to
answer every question [13], [14]. In [14], the fact that there needs to be a balance between
improving learning and avoiding unnecessary obstacles is brought up. Students need to learn
with the aid of the digital twin what an actual industrial process is. A problem/obstacle that
the research of [14] revealed with Visual Components is that there can only be one PLC
connected, whilst in a factory, every station mostly has its own PLC.
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2.7 Conclusion

Digital twins have many applications, from product designing to virtual commissioning to
predict the behaviour of a physical model. Since their first release, DTs have come a long way
and are still evolving today. Most software packages can use the communication PLC
interface from Siemens and a few Beckhoff, but almost all can use OPC UA. OPC UA is a
universal communication interface independent of the device's manufacturer and can run on
most operating systems, unlike the OPC classic. The three different software packages have
advantages and disadvantages, but some are more important than others. For example, Visual
Components has a lot of free tutorials and guidelines, and this is an immense advantage, as
well as the possibility to use a direct connection to a Beckhoff PLC and the network library.
Although Emulate3D can connect to Beckhoff, it needs Demo3D software for digital
modelling, and it is more inconvenient than VVC [11]. Siemens NX has the most possibilities,
but it is a complex software package beyond simulating and modelling. The fact that there is
not much information or tutorials available is a significant disadvantage. Considering all these
factors and the requirements from HAMK, Visual Components is the chosen software for this
thesis.
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3 System structure

Figure 15 illustrates the used system structure for this project. The programming of the
software PLC for this project is achieved with Tia Portal. The communication between Visual
Components (VC) and the software PLC is done through OPC UA.

Visual Software
Components PLC

OPC UA

Figure 15 System structure

3.1 OPC UA communication

VC has the option to connect with PLCSIM or TwinCAT directly. The communication
protocol OPC UA is used because it is becoming a more popular technology, independent of
the software/hardware PLCs manufacturer.

3.1.1 S7-PLCSIM Advanced

To run the OPC UA server on a virtual PLC, PLCSIM Advanced is required. When S7-
PLCSIM Advanced is installed, a Siemens Virtual Ethernet adapter is added to the network
connections, as illustrated in figure 16.

E Metwork Connections
4 5@ » Control Panel 5 Network and Internet » Metwork Connections ~ O

File Edit View Advanced Tools
Organize = Disable this network device Diagnose this connection Rename this conne: ction View status of this connection

"~ FEthemnet | Ethernet3 | | Ethernet4
ad.local Netwark cable unplugged w Unidentified network

' @ TwinCAT-Intel PCI Ethernet Adapt... x ‘@ TwinCAT-Intel PCI Ethernet Adapt... ' @ Siemens PLCSIM Virtual Ethernet ...
Figure 16 Ethernet adapter settings

To run a virtual PLC, the IP address of the PLC and the virtual ethernet adapter must be in the
same range for the connection to work.
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Figure 17 shows an example of a virtual PLC with IP address 192.168.0.1. This IP address
must be the same as the IP address in the TIA Portal project. The address of the virtual
ethernet adapter can be 192.168.0.2, for example [[15].

DI S7-PLCSIM Advanced V3.0 Upd2 =
SIM Control Panel
~

@ Online Access
PLCSIM - O @@ PLCSIM Virtual Eth. Adapter @

!;1 TCP/IP communication with | <Local> =

L) Virtual Time Scaling

0.01 Off 100
@ Start Virtual 57-1500 PLC
Instance name | Digital twin
IP address [X1] 192.168.0.1
[ﬁ Subnet mask 255.255.255.0
Default gateway
PLC type Unspecified CPU 1500 v
Start
B I | MRES
1 Active PLC Instance(s):
[ @ E Digital twin

[
c
x

Figure 17 PLCSIM Advanced setup

3.2 Connectivity in Visual Components

In this case, the software PLC is the OPC UA server, and visual components (VC) is the
client. This is important to understand for connecting the variables. Once the server is added
and the connection is tested, the variables from the PLC and software can be linked.

Figure 18 shows the parameters to connect to the server run by the PLC. Because this was
done on a local network, no authentication was necessary. Noteworthy is that it is possible
with visual components to connect multiple PLCs through different OPC UA servers.

Edit Connection

Connect to a new server or edit connection
parameters.

Find Servers

Discovery server opc.tepy/flocalhost:4840

Discovered Servers
Couldn’t access the discovery service.

Connection

Server address opc.tcp://192.168.0.1:4840

Use secure endpoi... |:|

Authentication

(®) None

Figure 18 OPC UA server connection in VC
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Once the OPC UA server is running, and the connection is made, all the PLC tags are visible
in the software and ready to be paired with the variables from the simulation. Figure 19
illustrates an example of connected variables between the PLC and VVC. The difference
between “simulation to server” and “server to simulation” is important to notice. For example,
a sensor in the digital twin is an input for the PLC, and this pair is added in the “simulation to
server” part. The exact opposite is happening for the outputs from the PLC.

Connected Variables

*

Material_

¥a
4
%a
¥a
%
4
%
%
%
%
%
¥a

Average update time: 5 ms Max update time: 466 ms  Pairs with errors:

Average plugin time: Max plugin time: Errors on this run: 0

Figure 19 Connected variables in VC
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4 Software functionalities

4.1 Process flow
Process Modelling is a simple and visual way of simulating the flow of products and
processes. The content of process modelling allows to:

e Create and edit product types

e Create and edit flow groups

e Visualise processes and edit their routines

4.1.1 Product types

The product type editor shows the used product types in the process flow, sorted according to
the flow group. Figure 20 shows the layout of the product type editor. A flow group controls
the flow of the added product types from one process to another. For example, a flow group
could be an industrial process where objects are placed into boxes, but it is possible to work
with two different kinds of boxes, then the two boxes and the object are 3 product types.

Product Type Editor ¥ X

All Parts Assemblies
L)
Flow Group #1
= | block
+ == Product properties
+ == Component properties
+ fil Hamk
Fow Group #2
+ il box
Flow Group #1_2
+ [ block 2
+ il Hamk_2

Flow Group #2_2

+ il box2

Figure 20 Product type editor
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4.1.2 Process flow

In the process flow editor, process sequences associated to flow groups can be created and
edited. It allows for creating the transport route in between the different process steps of a
flow group. Figure 21 illustrates an example of an industrial process with two flow groups.
The first flow group starts at the left conveyor and goes to the machine and then to the
conveyor at the right. The process steps in the figure are the blue circles, and their names are
below in the editor. In between the steps, different transport methods are used. For example,
the robot is used from the conveyor to the machine, as shown in the figure.

h Robot Conveyor

[

Figure 21 Process flow editor

4.1.3 Process step

Every process step has a routine which exists of different statements. Figure 22 shows the
statements of the machine and the conveyor shown in figure 21. The machine represents a
milling machine where a solid block enters, and a different shape leaves the machine. There
are statements to open and close the machine's doors, change the object, ...

UMC-500:ProcessExecutor HIDE x To Conveyor Process:ProcessExecutor HIDE

UMC-500 i ToConveyor il

LL State: Idle &) Transpertln: box as box
&y Transpertin: Any preduct as Productin &, Transpertln: Hamk as logo
o Attach: logo to box
12y TranspertQut: box
Moveloint: 11 to DoorClosedValue

Custom Machine Process

# ChangeType: "Productin®s type to Hamk
B Moveloint J1 to DoorOpenValue
i State: Blocked

(& TransportQut: Productin

Figure 22 Process step editor
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4.2 Robot programming

The robot programming function of the software's role is to create factory simulations with
robots and test robotic arms. The program is designed by adding statements that provide the
logic for the robot. Figure 23 shows an example of a program. It exists of linear motions, path
motions, binary in-and outputs... Figure 23 shows the statements of the subprogram
“Welding” the subprograms sequences are called in the “Main” program.

Program Editor ¥ X

Subprograms R+
ET @ dismountwelding

E

*) 0T B Ly
B® EBEH-88 0
8= Set OUT[0] == True
J PATH PP7 TOOL[1] BASE_1 (pos 2 fields 14 ext 2)
P1
p2
"' PATH PP8 TOOL[1] BASE_1 {pos 6 fields 14 ext 2)
P1
p2
P3
P4
P5
Pe
"] PATH PP9 TOOL[1] BASE_1 (pos 7 fields 14 ext 2)
P1
p7
8= Set OUT[0] == False
.”" LIN P6 TOOL[1] BASE_1 2500mm/s
*" LIN P3 TOOL[1] BASE_1 2500mm/s

Figure 23 Robot program with statements

The binary in- and outputs can be used for signal actions of the robot. There are a few
standard options, but there is also the possibility of creating custom signals. Figure 24 shows
an example of the output with address 0, which enables the tracing of the TCP.

¥ Actions Configuration

Signal Actions
Output 0

On True Trace On

On False Trace OfFf

Trace On

Matenal

Using tool weld_tip

Attach To () World (@) Node

Component Cube

Mode SME Part

Trace Off

Using tool weld_tip

Figure 24 Actions configuration
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The path statement allows the robot TCP (tool centre point) to follow a selected curve of an
object. This does not automatically mean that it is the most optimal way of approaching that
curve. It does not consider possible collisions with other objects or protrusions. A path
statement exists of multiple mapped points on that curve, and with the jog window, the joints
can be edited and then saved to the path statement. This can be done by changing the value
separately for every joint, as shown in figure 25, or by dragging the robot by its TCP.

Jog

* Robot

Coordinates @® World (O Parent () Object

b4 -15150.776 Al 2809,898 z
156460 [ _47.499

Base BASE_1

Tool TOOL[1]

Approach Axis [l

[&L T [\ Dl B FROMT ABOVE NOFLIP
External TCP False

* Joints
n——— 10
B———————1
5———+—
b ———+—— T

Workpiece Positioner

El2

~ Snap Options
" Edge  aw Fate | Edge & Face
A Frame LL Origin ::_.- Bound
J Bisector
Set Position
Set Orientation

Figure 25 Joint values

4.3 Modelling

The modelling part of the software was the main functionality used from the software during
this thesis. The purpose of modelling is to create objects/components from scratch and give
them all the necessary attributes to use in the simulation.

4.3.1 3D models

It is possible to create simple shapes in visual components, as illustrated in figure 26. With
these shapes, only limited, non-detailed components can be made. For this reason, it is
possible to import over 30 different CAD file extension types.

Primitive Geometry

U

Cylinder

Figure 26 Simple shapes for modelling
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4.3.2 Movement/joints

Once a model is imported, it appears as one firm object. If the goal is to design an actuator
with moving parts, the first step is to “explode” the model. This will split the model into
separate parts, which can be selected to create a joint for a translational or rotational
movement. Figure 27 shows the firm object on the left and the exploded model on the right.

Figure 27 One firm object vs exploded object

4.3.3 Properties

Quick changes can be made in the component properties when a component is finished and
used in a model. For example, figure 28 illustrates the properties of a raycast sensor. When a
component is created, it has some standard properties, but the detection threshold of the
sensor is manually added during the modelling. Properties can be added while modelling and
are used in the Python code. This is to make the software more user friendly, and because of
this, it is not necessary for a small change to open the Python script.

Component Properties ¥ X

¢d

Coordinates (® World () Parent () Object

0.8 -1026.746 A4l 478.505 A 102..
Rl Ryl z

Name RaycastSensor

Material

Visible
BOM
BOM Description

BOM Name NewCompeonent

Category

PDF Exportievel [oumn

Simulation Level EeSelEn]

Backface Mode [IS30RS)

Threshhold

Figure 28 Raycast component properties
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4.3.4 Behaviours

A behaviour is an action or a set of activities that a component can perform before or during a
simulation. Every purpose of a component requires different combinations of behaviours.
Figure 29 shows the list of all the available behaviours. The most important ones for this
thesis are the signals (variables to connect to the PLC, signals used in the Python script,..), the
sensors and the physics.

Figure 29 List of behaviours

4.3.5 Python script

Once the properties, behaviours and joints are added to the component, the next step is
writing the logic in the Python script. The script's purpose is to manipulate components,
commands and the application. A new Python script exists of 2 standard functions: OnSignal
and OnRun, as shown in figure 30.

¥ Q- p2a@R9 ~ pFind | | o]«

from wvcScript import *

%def OnSignal{ signal ):
pass

%def OnRun () :
pass

(T == IC. I I BT R I % R

=

Figure 30 Python script in modelling

OnRun: this is the primary function of the script, and it is executed at the start of the
simulation.

OnSignal: when a signal (behaviour) is connected to a script, it can trigger the OnSignal
function when its value changes
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4.3.6 Physics

To make the model as realistic as possible, it is essential that objects/components can interact
with each other during the simulation. A physical entity is a behaviour which can be added, so
the component is affected by the physics of the 3D world. Figure 31 shows the parameters
that can be adjusted for the component.

Properties

Name PhysicsEntity

Physics Type #Kinematic

Material Density [iliel
Mass

Inertia

Static Friction

Dynamic Friction a8

Restitution

Solver Velocity...

Scene Id

Collision Group  EisEciiEegm]

Smoothing Steps [l

Figure 31 Physics entity properties

The physics type is an important parameter. It determines how the components are affected by
physics during the simulation. Table 1 explains shortly what the options are.

Table 1 Explanation of physics entity types

Type | Meaning
#In Physics Component is affected by gravity and other forces

#Out of Physics | Component is not affected by physics

#Kinematic Component is not affected by gravity, but can be driven by other forces
(conveyor, servo,...)
#In container Similar to #In Physics but used for tracking the containment of the entity, for

example from one path to another

A practical example is an abject on a conveyor which interacts with a pusher/pneumatic
cylinder. The object on the conveyor has the “#In Physics” type because it undergoes all
forces. If the goal is to simulate the process flow and not become too complex, it is better to
give the conveyor the “#Kinematic” type. For example, when an incline conveyor belt is used,
but no legs are below it to support it, then with the “#In Physics” type, the conveyor will drop,
and the simulation will fail. The goal was to test the process flow, so the conveyor only needs
to transport the physical objects, so there is no need for gravity to affect the conveyor.
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4.4 Works library

The works library is a simple way to simulate a complex process based on creating tasks, and
those tasks require the use of controllers, processes, resources... Whenever a single
component is used from the library, it is necessary to add a works task control to the layout, as
shown in figure 32. It holds route definitions and global variables used by the library
components.

3y

Figure 32 Works task control

The works process component is used to create tasks and can use different machines or
resources to complete them. Figure 33 illustrates the component, but a nice feature is an
option to change the looks to a conveyor belt so it can be connected in an industrial process.
An example will be given in paragraph 5.4.

Figure 33 Works process
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5 Results

5.1 Case 1: analysing production feed with process flow

The process flow part of Visual Components is not only for trying configurations of hardware
setups or visualising a process but also to illustrate the logistics part in automation. Figure 34
shows a setup consisting of 2 conveyor belts, a robotic arm with a vacuum suction cup and a
milling machine. The used components are imported from the eCatalog, and the design
consists of 2 flow groups. The first flow group starts with spawning blue cubes and
transporting them by the left conveyor belt to the pickup point for the robot.

Figure 34 Supply of raw products

The robot places the cube inside the milling machine, the door closes, and the milling starts.
Once finished after a specific process time, the robotic arm picks up the logo cut out of the
cube and places it in a box, as illustrated in figure 35. The second flow group is for the supply
of boxes, taken from the floor and placed on the conveyor by the robot.

Figure 35 Placing a finished product in a box.
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Figure 36 shows a finished product inside the carton box moving to the end of the process,
where it will despawn. The point where the robot first places the box and after the finished
product is called “to conveyor”, this is a process step. As explained in paragraph 4.1.3,
statements can be added, and an important statement here is that the 2 product types (finished
product and carton box) are attached. Because of this statement, the box and product will now
be one object and move together, with the box as the “parent”.
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Figure 36 Finished assembly

To illustrate some logistics with the software, two identical setups were created with the only
difference in the supply of raw material (blue cubes). Figure 37 looks similar to figure 36
because in both pictures, a box with a finished product moves to the end of the process, but in
figure 36, the supply feed is slower, and the first thing the robot does is pick a new carton
box. In figure 37, there is a blue cube ready, and the robot places this first in the milling
machine.

Figure 37 Difference in supply
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The difference is that the milling machine in the setup with a faster supply feed is milling
continuously, and there are no idle moments. This results in a higher production rate, as
illustrated in figure 38. The number of created products is dependent on the speed of the
conveyors, the processing time of the milling machine, the speed of the robot and the supply
feed. The supply rate was 16 seconds slower at the first setup, resulting in a difference of 8
finished products after only 5 minutes.

Statistics 1 [E | Change Layout

Production Rate x

— Lowerflow

Higher flow

00:01:00 00:03:00

Figure 38 Production rate

There are six process steps in this setup which are explained more in detail in table 2.

Table 2 Process steps

Type Symbol | Function
Feeder () Creates products with an adjustable interval.
Sink @ Deletes/despawns products which arrive on this point.

From conveyor Place.d at t_he end of a conveyor, products wait
on this point to be transported to the next step.

Placed at the beginning of a conveyor, products
To conveyor @ g g yor.p

can be transported to this point.
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Figure 39 shows the top view of the setup for a more precise idea of the used process steps,
explained in table 2.

|
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Figure 39 Used process components

5.2 Case 2: programming a welding robot

A welding cycle is chosen to demonstrate the functionalities of the robot programming part of
the software. The setup exists of a robotic arm equipped with a welding torch and a workpiece
positioner. The workpiece positioner helps the robot reach positions more easily or positions
unavailable/unreachable before, like singularities. The robot and workpiece positioner start
from a chosen initial state, and the welding torch moves to the starting point of the weld, as
illustrated in figure 40.

Figure 40 Starting point of the weld
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In paragraph 4.2 was explained that it was possible to use some pre-programmed actions.
Figure 41 shows a close-up of the product and the welding tip. A boolean signal was set to
true at the start point of the weld; this boolean is linked with the action “tracing”. Tracing
marks the followed path of the TCP in a chosen colour. Figure 41 shows a pink line at the
inner edge of the product; this is where the welding torch (TCP) has already passed, and the
trace here represents the weld.

Figure 41 Tracing a path

The robot's path is determined by statements as mentioned in paragraph 4.2. In every position
where a motion statement (PTP, LIN or curve) is added, the software will place a frame, as
illustrated in figure 42. The TCP of the robot will go from frame to frame with the correct
movement (PTP, LIN or curve). The red, blue and green axle systems in figure 42 represent
the frames used for this simulation. The frames are not only points where the TCP passes
through but also have an orientation which resembles the orientation of the welding torch.

Figure 42 Frames of a path
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Two essential properties of any statement are the defined base and the robot's tool. Figure 43
shows the properties of one of the curve statements. In this case, “Tool[1]” is the used TCP,
and this was defined in the robot as the end of the welding torch. “Base 1" is located at the
foot of the robot, and everything is oriented based on this reference point.

Statement Properties

Name

Base

Tool

Lock Axis Approach Axis

Interpolation Travel

Reference Weorld

MNozzle Offset 100

Smoath Orientation

Apply Smoothing
Show Labels
Rotation Handles I:‘

Figure 43 Properties curve statement

Figure 44 shows the end position of the products. At the end of the welding cycle, the robot
moves to the table and detaches the welding tool. This action was done again by setting a bool
at the end of the program.

Figure 44 End of the welding cycle
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5.3 Examples of modelled components

Modelling was the primary part and goal of this thesis. To investigate if it was possible to
recreate the laboratory hardware setups, a list was made of the used components in these
models. After this, component by component was created with the software until a
combination could be created with the result of a possible laboratory setup.

Table 3 List of components

Type Function

Feeder Responsible for creating/spawning products

Colour/material sensor Returns a boolean signal based on the colour or material of a
product

Optical sensor Returns a boolean signal based on the interference between

transmitter and receiver
Pneumatic linear actuator | Push/manipulate a product
Linear vacuum actuator Ability to pick up products

Pneumatic rotary actuator
Push/manipulate a product

Conveyor belt
Transports the products

5.3.1 Product feeder

The product feeder is a component that spawns in the products processed by the rest of the
model. In the eCatalog library from Visual components, few feeders exist, physical feeder,
standard feeder, and feeder with batch... As mentioned before, physical properties were
added to make the models as realistic as possible. This means that the products created also
need physical properties. For this reason, a custom product feeder was designed with the
possibility of creating physical products and the option of making products from a batch in
random order. Figure 45 shows the custom product feeder, which created a red physical
cylinder. The products appear in the centre of the feeder and move to the edge, where the
second frame is placed (blue arrow on figure 45).

9

Figure 45 Custom product feeder
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The location of the second frame in figure 45 is also the place where a “OneToOnelnterface”
is created. This interface makes it possible to connect the feeder with other components with a
“OneToOnelnterface”. Figure 46 shows all the behaviours of the custom feeder. The path
makes it possible to move the object from the centre to the edge based on frames. It moves an
object in a linear movement from frame to frame.

Component Graph

|_|__[| Statistics
Path
werCnSignal
8 PhysicsEntity
k| OneToOnelnterface
- W, productCreator
(¥ Output

Figure 46 Component graph of custom feeder

Another behaviour that is added in figure 46 is “ProductCreator”. This is what spawns the
products and has a property to customise the way of creating products or, in other words, to
choose the “FeedMode” (single, batch, distribution).

Once the model is created and used to create a setup, products need to be added, so it knows
which ones to create. To create a laboratory setup similar to the existing hardware setups at
HAMK, the feeder required the ability to create multiple objects in random order. The first
step is adding the different product types in a flow group, as mentioned in paragraph 4.1.1.
The FeedMode has to be set on distribution mode to create different products in random
order, as shown in figure 47. The figure also shows that 3 product types are added with a
customisable probability of spawning.

Component Properties ¥ X

¢d

Coordinates (® World () Parent () Object

)4 -563.552 Al -1366.217 Z
R[] Ry [

Default | ProductCreator | PhysicsEntity | Path

FeedMode Distribution

RandomStream |

Interval

Limit
PartPooling |:|

Product Probability

Cylinder v|03 ﬁ
Cylidenr_r.. ¥|03
block ¥ 0.4 ﬁ-
Select Part.. ¥

Define Products

Figure 47 ProductCreator properties
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5.3.2 Sensors

The setups at HAMK are equipped with two types of sensors, as mentioned in table 3. The
colour/material sensors detect specific products, and the optical sensors detect any product
passing through.

5.3.2.1 Optical sensors

To recreate an optical sensor in VVC, the first step is to design/import a CAD design. During
this thesis, the focus was not on creating the most complex 3D drawings but on creating
functional models. Figure 48 illustrates a 3D model where a raycast behaviour is added. A
raycast behaviour is a frame added to the model where the red beam points via the positive Z-
axis. The red beam represents the laser beam from the hardware version.

Figure 48 Raycast sensor

The “RaycastSensor” behaviour requires a boolean signal which triggers whenever a
component passes through the beam. A real signal is optimal, detecting the distance to the
object. These two signals connect with the Python script so that whenever a product triggers
the sensor, the “OnSignal” function in the script triggers. More information about the Python
script of a raycast sensor can be found in annexe: A.

Figure 49 shows the necessary behaviours for a raycast sensor. The “Sensor” Boolean is
added and gets set/reset in the Python script based on the real signal’s value, and its purpose is
to be used as an input for the PLC. If the goal was just to detect any object, the boolean signal
could also be used as a connected variable for the PLC, but the goal was to trigger the sensor
depending on the size of an object. Noteworthy is that the Sensor boolean signal cannot be
connected to the Python script because this would trigger the “OnSignal” function again.

Component Graph

— = Properties

| L % Threshhold

il Behaviors
__ RaycastSensor
#a BooleanSignal
%= RealSignal
(] PythonScript

#a Sensor

Figure 49 Component graph of a raycast sensor
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The “RaycastSensor” behaviour has a few critical properties. The max range determines the
length of the beam and the maximum detection range. The detection threshold is the distance
where the sensor triggers the boolean signal. Figure 50 also shows the linked bool and real
signal mentioned before.

Properties

UpdateScene
TestParent

ShowRay
UseSampling
SampleTime

MaxRange

DetectionThres...

DetectionConta...

RangeSignal RealSignal

ComponentSig... [l M

BoolSignal BaocleanSignal i

Frame Sensor -

Figure 50 Properties of a raycast sensor behaviour

5.3.2.2 Material/colour sensor

To recreate a sensor that measures a specific attribute of a product is a bit more complicated
than just detecting any product or any distance to a product. The solution is to create a volume
sensor. As the name says, it measures in a specific customisable volume. The measured
volume is determined by two frames, as shown in figure 51.

7UpperFrame

> LowerFrame

Figure 51 Principle volume sensor
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Figure 52 shows the measured volume of the sensor (orange volume). When a product comes
inside the volume, different signals can be triggered.

erFrame

Figure 52 Measured volume

Different trigger points can be selected. Figure 53 shows the properties, and the parameter
“TestMethod” is set on “Center inside”, which means the centre point of the product must be
inside the volume before it triggers. Another possibility would be that the entire product had
to be in the volume. The big difference with the raycast sensor is that there is no real signal
but instead a “ComponentSignal”. A component signal consists of all the attributes/properties
of the product passing through the volume. This could be the name of the product, the
material, product ID...

Properties

UpdateScene
TestParent |:|
TestSiblings []
TestOnlyContai... |:|
ShowVolume |:|

VolumeMaterial MNull

TestMethod BBox Center Inside

UseSampling

SampleTime

DetectionConta...

ComponentSig.. [[eslaistaitslat]

BoolSignal BooleanSignal o

LowerFrame LowerFrame B

UpperFrame Upperframe -

Figure 53 Properties of a volume sensor behaviour
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The necessary behaviours are shown in figure 54 below. Instead of setting a threshold
distance like the raycast sensor, this volume sensor has the material as a parameter. The setup
in figure 54 will trigger the boolean “MaterialDetection” if the product passing the sensor has
white as its material. The “BoolenSignal” is again triggered whenever a product passes
through the measuring volume and will start the Python “OnSignal” function. More
information about the Python script can be found in annexe: A.

Component Graph

= [ (searcr

= [ Volume #2

- =% Properties

| [

aee Colour

- fF Behaviors

4. BooleanSignal
f@ PythonScript

¥. ComponentSignal

¥= MaterialDetection

Figure 54 Component graph of a volume sensor
5.3.3 Actuators

As mentioned in table 3, there are three types of actuators in the setups at HAMK. The
pneumatic cylinder is used to redirect the path of products. The rotary pneumatic actuator is
used to hold/block products moving on a conveyor. The cylinder with vacuum is used to pick
up products and place them at another location. The modelling of actuators is more complex
than sensors because there are moving parts, and there has to be a physical interaction
between the actuator and the product.

5.3.3.1 Pneumatic cylinder

The modelling of an actuator starts as well from a CAD file. Figure 55 below is the created
3D drawing for the pneumatic cylinder. Together with the grey push head, the orange cylinder
will move with a linear movement. This is done by exploding the model and extracting a
joint, as mentioned in paragraph 4.3.2.

Figure 55 Pneumatic cylinder
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Once the joint/link is created, it will also appear in the component graph of the actuator, as
illustrated in figure 56 (“Link 1”). The products created by the feeder were physical products,
and for the actuator to interact with them, a physics entity has to be added to the joint. The
“Servo Controller” is a new behaviour that allows the configuration or control of a
joint/mechanism using forward kinematics. The properties are all parameters for the
movement, like the speed, acceleration and the length of the movement (‘“PushJoint Open”).

Compoenent Graph

= [H (search
- Cylinder
- 5= Properties
2 PushSpeed 500 mmy/s
15 PushAcceleration 500 mm/s
% Pushloint_Open 500 mm
5 Pushloint_Closed 0 mm
L} Behaviors
25 Servo Controller
'J._-_' ServoScript
%a Pushloint_ActionSignal
%a Pushloint OpenState
4= Pushloint_ClosedState
Fo Link_1
Jr Behaviors
| &8 PhysicsEntity

Figure 56 Component graph of a pneumatic cylinder

The booleans: “ActionSignal, OpenState and ClosedState” are linked to the Python script as
shown in figure 57 and connected to the PLC. The action signal is connected to an output
from the PLC, and when this output is set to true, the “OnSignal” function in the Python script
will start because of the connection to the script. The open and close states are used in the
Python script, but they are connected to inputs from the PLC and resemble the end of range
contacts.

Properties

Mame Pushloint_ActionSignal

AutomaticReset

Figure 57 Connection between boolean and Python script
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Figure 58 shows the properties once a link is extracted. Automatically a servo controller
behaviour gets added to the component. Noteworthy for the Python script is that the name of
the joint (“PushJoint” in the figure) must be the same as the first part of the names of the
properties and signals in figure 56. For more information about the Python script and the
reason for this can be found in annexe: A.

Link Properties

Coordinates

() Objec
P 5364577 0 3436.507 d
Mo ry[l |

Name

T(0.000059).Ty(2.107697).Tz

Offset (0.000099)

Translational b

+¥

Name Pushloint

Controller Servo Controller

Initial Value 0 mm

PushJoint 107.597

Value Expression YNNI

Min Limit

Max Limit

Max Speed

Max Acceleration

Max Decelerati...

Lag Time

Settle Time

Figure 58 Properties of a joint/link

5.3.3.2 Pneumatic rotary actuator

The goal of the rotary actuator in figure 59 is to stop/block products based on logic from the
PLC. The grey 3D shape will make a rotational movement around the black cylinder to
resemble a rotary actuator. This movement is created the same way as paragraph 4.3.2
explained. The only difference in the joint/link properties is that the “JointType” is rotational
and not translational.

Figure 59 Pneumatic rotary actuator
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Figure 60 shows the component graph of the rotary actuator. It is very similar to the linear
actuator (pneumatic cylinder). The only difference is that the properties do not have the same
units. Here the size of the movement is defined in degrees, and the speed and acceleration are
angular.

Component Graph

1z PushSpeed 500 °fs
1% PushAcceleration 2000 =/s*
1z Pushloint_Open a0
1% Pushloint_Closed 0
3} Behaviors
2 ServoScript
4a Pushloint_OpenState
%= Pushloint_ClosedState
4a Pushloint_ActionSignal
& Servo Controller
= Link1
i Behaviors

PhysicsEntity

Figure 60 Component graph of a rotary actuator

5.3.3.3 Linear vacuum actuator

This actuator its purpose is to do a linear movement and then grab a product with the white
suction cup, as illustrated in figure 61. These actions are the recreation of a vacuum actuator
from the HAMK maodels. Whenever a product is grabbed from above, it can only be moved
vertically; for that reason, the combination of a pneumatic linear actuator and vacuum
actuator is necessary to reposition it horizontally as well. This version will be used in the
combination of all models in paragraph 5.4.

Figure 61 Linear vacuum actuator

55



The vacuum actuator’s component graph shown in figure 62 is similar to the standard linear
actuator except for the grabbing function. The modelling part of the software has some
wizards available to create standard behaviours and properties for specific components
(conveyor, end effector, workpiece positioner...), but none for the grabbing of a product.
With the help of a community member on the forum of VVC [16], who created a grasp action
wizard, and a minor modification, the actuator could now pick up products. The
“PhysicsEntity_2” has to be added manually to the “GraspDetection” link, and it must be of
type “#Kinematic” to grab products that are moving on a conveyor belt.

Component Graph

BE (s

= [ Cylinder #3

- 5% Properties

V2 PushSpeed 500 mm/s
s PushAcceleration 500 mm/s*
100 mm
0mm
0,0,70
. 50,50,50
ion 25
False
i.. Never

False

Servo Controller
ServoScript
— % Pushloint_ActionSignal
» Pushloint_OpenState
— %= Pushloint_ClosedState
k_1
Behaviors
& PhysicsEntity
GraspDetection
= &} Behaviors
- M, GraspContainer_HIDE__
{ Input
Output
%= GraspSignal
7 GraspActionScript
T tity_2 |

Figure 62 Component graph of a vacuum actuator

5.3.4 Conveyor belts

For the conveyor belts, there are standard models available in the eCatalog. There was only
one physical conveyor available, but converting a regular conveyor to a physical one with a
few modifications is possible. Physical objects will fall through a standard conveyor because
they do not have any reaction forces which hold the physical products on the belt. Figure 63
shows the used model out the eCatalog.

Figure 63 Conveyor
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Modifications to make:
e Change the normal path to a physics path
e Add physics entity with the #Kinematic as type
e Change the container from the interfaces to the physics path as shown in figure 64

Properties

Figure 64 Interface properties
e Select the root and change the physics collider to #box as shown in figure 65

> | Feature Properties

Coordinates (® World () Parent () Object

it MName
- 'Y TopBeltUp

D TopBelt

* Physics

+ 1 StartidlerSwitch Collider

+ 'Y BottomBeltDown

PhysicsCollider... | X [al
Figure 65 Root and physics collider

Colliders are objects that can react/interact with physical objects/products during a simulation.
This will automatically be created once a collider type is added and no physics entity exists.
Depending on the type, an entity defines the physical properties (to which forces it reacts).
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5.4 Combination to a laboratory setup

In this paragraph, a setup is created and explained. It exists of all the models from paragraph
5.3 and some functionalities from paragraph 4. Figure 66 shows the top view from the setup.
The setup idea is that three types of physical products are created and sorted based on size and
colour. Instead of just despawning the products after they are sorted, the setup uses the works
library to make it a whole process.

Figure 66 Total view of the setup

Figure 67 illustrates the used product types in the setup, and the product feeder will create
these products in random order. The blocks will be separated from the cylinders based on
size. The two cylinders have the exact same shape, so they can only be separated based on the
material/colour. All of them have physical properties so that they will interact with the
actuators and each other.

Figure 67 Used product types
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The process starts with creating products by the product feeder, located at the right of figure
68, and the first sensor they pass is a raycast sensor that will measure the size. In the Python
script, the real signal’s value gets compared with a constant value (threshold property). The

cylinders have a bigger size, which will set a boolean signal to true, connected to an input to
the PLC. If the white block would pass, the real signal’s value would be bigger because the

block is smaller, and the boolean would not be set to true.

Figure 68 Steb 1: sorting based on size

When the first raycast sensor detects a cylinder, the pneumatic rotary actuator will hold the
cylinder, and the second raycast sensor will detect an object waiting to be pushed. Based on
these conditions, the linear actuator will now push the cylinder on the perpendicular conveyor
belt, as shown in figure 69.

Figure 69 Step 2: cylinders get separated from blocks

59



Figure 70 illustrates the sorting process of the cylinders. The first sensor (yellow with a black
lens) is a volume sensor and can detect the product’s material/colour of the products.
Whenever the product has the colour “white”, it will activate the pneumatic rotary actuator to
stop the cylinder. The raycast sensor will detect a product waiting, and then a combination of
a linear actuator and a linear vacuum actuator will pick up the white cylinder and place it on
the perpendicular conveyor belt.

Figure 70 Step 3: sorting cylinders based on material/colour

Once the white cylinder is placed on the conveyor, as shown in figure 71, it will be
transported into the yellow container. The container is a physical object, so the cylinders
cannot roll out of the container.

Figure 71 Step 4: end of process for the white cylinders
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The first part of the model separates products based on size. The rotary actuator stops the
cylinders, but the blocks keep going straight on the conveyor to the robotic arm. The robotic
arm will place the blocks on a euro pallet in a fixed pattern.

Figure 72 Step 5: processing white blocks

As mentioned before in paragraph 4.4, a works process can be visually changed to a conveyor
belt, as illustrated in figure 73. At the right side of the figure, there is a list of tasks added to
this works process. The first task is transporting in a product (white block), and then there is a
feed task. The feed task has a name and a parameter which is the name of the tool used.

Figure 73 Work process feed task

As shown in figure 74, the task’s name is “PickBlock”, and the used tool is VGC10; this is the
tool's name attached to the robotic arm.

Task Feed

TaskName PickBlock

ToolName VGC10
TCPMame
All

Simultanecus

Figure 74 Feed task parameters
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When using a robotic arm together with the works library, it has to be placed on a works robot
controller; this is the blue selected object in figure 75 beneath the robotic arm. In the right
side of the picture, there is a parameter “Tasklist”, and here is the same name as the
TaskName of the Feed task. This is necessary, and the robotic arm will now pick up a white
block whenever the feed task is executed.

ly ’[ Default | Speeds | Advanced | Stats | Track
g -— Speeds lvance: Stats racl

Name
Visible
BOM O

el Ul (W Visual Companents Warks Robot Cor

BOM Name Works Robot Controller

Category Works Resources

PDF Exportievel [RpiES

Simulation Level [aSei=e]

Backface Mode [T

Configuration Automatic

Looks Round

Tasklist PickBlock

Figure 75 Robot controller parameters

At this point, there is a feed task and a machine/resource to execute the task, but there is still
no end position. Figure 76 illustrates another works process with the visual looks of a
conveyor, and on the right, the task list is visible. The first step is creating a euro pallet, and
task 2 is a NeedPattern task. This asks specifically for white blocks, and the pattern means it
is asking for more than one block. A custom amount and placement pattern can be made.
After this, the pallet and blocks are merged to continue as one object and transported out once
the pattern is filled with white blocks.

Resourcelocation Failure
Geometry Presets Advanced

Default | Task | PhysicsEntity | UserVariables

Visible

BOM O

oLV IPEl. 9 \/isual Components Works Process
BOM Name Works Process

Category Works Library

PDF Exportlevel FaehysiEy

Simulation Le... Sl

Backface Mode [eol

3: Merge:Euro PalletBlock ColliderFalse
4: TransportOut:True
5: Delay:5

Figure 76 Works process need task
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For this setup, a pattern of 6 white blocks was chosen. The filled euro pallet will move to
another works process, and a forklift will pick it up and move it to a position where it will
despawn, as shown in figure 77. The principle of the forklift is the same as the robotic arm,
only is the forklift now the machine/resource that is executing the tasks.

Ay ‘*

Figure 77 Step 6: end of the process for the white blocks

The volume sensor detects a red colour and will not activate the boolean connected to the
PLC, so the rotary actuator and vacuum actuator will not be activated. Instead, the red
cylinders move to the end of the conveyor, where an AGV (automated guided vehicle) with a
robotic arm will pick them up. The AGV is again the machine/resource executing the feed
task, but the tool name is the name of the tool attached to the robot. The robotic arm and
controller are attached to the AGV, so the software automatically knows that the tool has to
pick up the cylinder and the AGV is transporting it. The AGV normally functions as a
conveyor and will transport the cylinder on him, but now the robotic arm is placing the
cylinder onto the AGV, as shown in figure 78.

Figure 78 Step 7: picking up red cylinders
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Figure 79 also shows a container into which the red cylinders will fall. If the red cylinders did
not have physical properties, they would all fall in the exact same place in the exact position,
and it would show as one cylinder. The figure clearly shows that the cylinders have physical
properties and have fallen “randomly” based on physical forces (gravity, friction...)

\

\

Figure 79 Step 8: end of process of the red cylinders

The last feature that was added is a safety scanner. Figure 80 shows a cylinder lying in the
warning zone (yellow), and a yellow light has turned on to give a warning signal. When any
object enters the critical area (red), the conveyors and product feeder will shut off as a safety
measure. This was added to illustrate that safety measures can also be implemented with the
software.

Figure 80 Safety scanner
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6 Conclusion

This thesis starts by explaining what a digital twin is and what the benefits/applications are. It
is a technology that is becoming more and more popular, and for this reason, HAMK wants to
teach students to work with DTs.

The literature study explains what a digital twin is and discusses the leading applications.
HAMK works with Beckhoff and Siemens, and for this reason, OPC UA was chosen as the
communication protocol. The review of different software packages made it clear that for the
requirements of HAMK, Visual Components was the obvious choice. The software has a lot
of tutorials and a good community available, which is perfect for students.

The system structure exists of a software PLC running an OPC UA server, and Visual
Components is the OPC UA client. Once the connection was established, it worked without
any problems, unlike [13] claimed in their research. According to [14], it was possible to
connect only 1 PLC with Visual Components, but the connection with multiple PLCs was
successful during this thesis. Visual Components allows to connect to multiple OPC UA
servers, and PLC SIM-advanced allows to run multiple virtual software PLCs and so multiple
OPC UA servers.

The main objective was modelling components, but the software had so much more to offer.
Therefore, in paragraph 5, two cases were created to give a short introduction to the
functionalities of the software besides modelling. A first case intends to illustrate the logistics
side of the automation sector by generating charts of production parameters of a small
process. The second case was designed to illustrate the possibilities with the robot
programming part of the software. This was done by creating a welding example with a
product on a workpiece positioner.

Modelling of components was the main part of this thesis. The main objective was to model

components and, with these components, have the possibility to recreate the hardware setups
at HAMK. This was done successfully, and to illustrate this, a combined setup was designed
where all the models and other functionalities, like the works library, were used.

HAMK was provided with all the files of the created models, the laboratory setup, and the
corresponding PLC code. To allow students to develop their own models with Visual
Components, a manual which describes step by step how to create the models used during this
thesis and to set up the communication was added as an annexe in this thesis.

Future work

Although a working setup was delivered and the models for all the components present in the
hardware versions were created, more time would have only improved the delivered results.
Because of the short period of time that was available for this thesis, due to the fact it was
done on Erasmus, the design of the 3D models is purely functional. The models would have a
more aesthetic look with more time available instead of just being practical.
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Annexes

A. Manual

This manual will explain how the communication is set up and how the components are
modelled. If a particular term is unclear or not enough explained, look at the thesis above,
where more information is available. A reference is sometimes made to the thesis above to
make the manual not too large and complicated.

1 Communication between PLC and Visual Components

1.1 Tia portal

The first step is to create a new project in Tia Portal and add the hardware configuration. This
manual will use OPC UA as the communication protocol, so adding a PLC that supports this
protocol is essential.

1.1.1 Setting up the PLC
1.1.2 Assign an IP address to the PLC (192.168.0.1, for example)

1. Make sure the subnet mask is 255.255.255.0
2. Enable the OPC UA server as shown in figure 1 below

PLC_Z[CPU T5T1-TPN] X
General ” 10 tags ” System constants || Texts
» Genersl General

» PROFINETinterface [X1]
Stariup

e

OPC UA application name

Cycle

Application name: |SIMATIC.S7-1500.0PCUA Application:PLC_2

Communication load
System and cleck memory
SIMATIC Memory Card

» System diagnestics

General user management

Note: |User managementvia the project security settings is onlyenabled if the project status is set to protected with the

PLCalarms settings options of the security settings.

» Web server

» Display

Multilingual support
Time of day [_) Enable additicnal user management via project security settings
» Protection & Security

v OPCUA

General

Server

b Server > Generl

» Client
» System power supply Accessibility of the server
» Advanced configuration
Connection resources @ Activate OPC UA server
Overview of addresses
~ Runtime licenses b Server addresses
OFC UA i
ProDiag | Address
Energy Suite F opc:tcp:192.168.0.1:4840

Figure 1 Activate OPC UA
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3. Check the “support simulation during block compilation”, as shown in figure 2.
Otherwise, the download will fail to the virtual PLC. This setting is found in the
properties of the entire project.

T4 Siemens - PWUSERDATA\AutomationiTest1fTest1f

Project  Edit View Insert Online Options Tools Window Help
C¥ B saveproject @ ¥ B 3 X Tasﬂflpmja — = —

General Protection

Protection

Devices

Protection

Note that the know-how protection of blocks can be weakened by a simulation.

¥ | Testif
K¢ Add new device

B o -

[¥ support simulation during black compilation.

Figure 2 Block compilation

4. Whenever using an input card (digital or analogue), the Process Image has to be
changed from “Automatic” to “None”. Otherwise, the state of the inputs will not
update coming from the digital twin software. This setting can be found in the
properties of the input card, as illustrated in figure 3.

Test1f » PLC_2 [CPU 1511-1 PN]

-HEX
|E Topology view IE&, Network view |‘ﬂ'[ Device view L
A (PLC_2[CPU1511-1 PH] ST H - =]
2]
v v wv
w0 3
Rail_0
x|
3 0 3| [100% [¥] —3— @
|'dProperties  [*4info 1| %W Diagnostics
| General 10 tags ” System constants [ Texts |
¥ General [ 1O add
b Module parameters ' addresses
v Input0- 15 Input addresses
General
b Inputs Startaddress: |0 0
VO addresses End address: |1 7
Organization block: |-~ (Hone)
Process image: |None

Figure 3 Process image of input cards
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1.1.3 Creating a virtual ethernet adapter

A simulated version of a PLC has to be created to download the program. For a standard PLC
simulation, PLCSIM is used, but to run an OPC UA server, a PLCSIM Virtual Ethernet
Adapter is necessary. The program “S7-PLCSIM Advanced V3.0 Upd2” has to be installed.
An ethernet adapter is automatically added to the PC's settings when this program is installed.
Figure 4 shows the added adapter: “Siemens PLCSIM Virtual Ethernet Adapter”.

E' Network Connections
4 [E-' » Control Panel » Metwork and Internet » MNetwork Connections v | O Search Metwork Connections

File Edit View Advanced Tools

Organize « Disable this network device Diagnose this connection Rename this connection View status of this connection Change settings of this connection si=
— Ethernet — Ethernet 3 — Ethernet 4
L\F . ad.local L--..,E . Metwork cable unplugged L-..,E; » Unidentified network
@ TwinCAT-Intel PCI Ethernet Adapt.. K @ TwinCAT-Intel PCI Ethernet Adapt... G Siemens PLCSIM Virtual Ethernet ...

Figure 4 Ethernet adapter in windows

Right-click on the adapter, open the properties as shown in figure 5, and open the “Internet
Protocol Version 4 (TCP/IPv4)” properties.

Networking  Sharing

Connect using
@@ Siemens PLCSIM Vitual Ethemet Adapter

This connection uses the following tems

¥ 8 VitualBox NDIS6 Bridged Networking Driver ~
) QoS Packet Scheduler
¥ " Brdge Driver
vl Siemens PLCSIM Vitual Switch
¥ 4 Intemet Protocol Version 4 (TCP/IPv4)
| 4 Microsoft Network Adapter Muttiplexor Protocol

¥ s PROFINET I0 protocol (DCP/LLDP) v

< >
Install Uninstal

Description

Provides access to pyhsical network interfaces for the
PLCSIM Advanced

OK Cancel

Figure 5 Ethernet adapter properties
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The following window will open, as shown in figure 6. Remember that as an example, the IP
address of the PLC in Tia was set on 192.168.0.1; it is now necessary to give this connection
an unused IP address in the same range. For example, 192.168.0.2 or 192.168.0.10 would
work; the subnet mask is also 255.255.255.0.

Internet Protocol Version 4 (TCP/IPv4) Properties *
General

‘fou can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(O Obtain an IP address automatically
(®) Use the following IP address:

IP address: 192.168. 0 . 2
Subnet mask: 255,255 .255. 0

Figure 6 Properties of the TCP/IP connection

The next step is opening PLCSIM Advanced and creating an active PLC instance. Figure 7
shows the configuration window. Important to notice is that the switch above is set on a
virtual ethernet adapter and not PLCSIM. The instance name can be chosen to preference, but
the IP address must be the same as the one configured for the PLC in Tia. Once the instance
is started, a yellow light will appear until the hardware and software are downloaded from
Tia. Noteworthy, the next time PLCSIM advanced is started, typing in the same instance
name is enough to use the same configuration.

S57-PLCSIM Advanced V3.0 Upd2

Control Panel

5@ Online Access
PLCSIM @ PLCSIM Virtual Eth. Adapter @

9 TCP/IP communication with | <Local> =

L Virtual Time Scaling

001 Off 100
@ Start Virtual 57-1500 PLC
Instance name | Example
IP address [X1] 192.168.0.1
ﬁ Subnet mask 255,255.255.0

Default gateway

PLC type Unspecified CPU 1300+
Start
m®
1 Active PLC Instance(s):
[ EE Example /192.168.0.1 O x

Runtime Manager Port | 50000 O
Wirtual SIMATIC Memory Card
Show Notifications

Function Manual

O V=%

Bt

Figure 7 PLCSIM advanced control panel
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The last step is now to download to the simulated PLC. Figure 8 illustrates the downloading
window, and it essential is to set the PG/PC interface to Siemens PLCSIM Virtual Ethernet
Adapter and search.

xtended download To device ﬁ

Configured access nodes of "PLC_2"

Device Device type Slot Interface type  Address Subnet
PLC 2 CPU1511-1 PN 1X1 PNIIE 192.168.0.1
—————1

Type of the PG/PC interface: ﬁ_F’Nl‘IE |'|
PGIFCinterface: [ Siemens PLCSIM Virtual Ethernet Adapter [ ®[=)
Connection to interface/subnet: |E=i|e::e::|.:: 1X1 |V| ©
| -] ®©
Select target device: | Show all compatible devices |V|
Device Device type Interface type Address Target device
= CPUcommon CPU-1500 Simula... PNIIE 192.168.0.1 CPUcommon
= = FIIE Access address =
d
o
|| Flash LED
Online status information: D Display only error messages
= Connection established to the device with address 192.168.0.1.
0 scan completed. 1 compatible devices of 2 accessible devices found.
Scan and information retrieval completed. E
7 Retrieving device information... |7|
Load | | Cancel |

Figure 8 Downloading in Tia

Once downloaded, the light that was yellow before will be green now, the PLC is in RUN
mode and the OPC UA server is active.

1.2 Visual Components (VC)

The PLC is running the software PLC, and Visual Components will be the client. The first
step is to launch Visual components, create a new project, and go to the connectivity tab, as
shown in figure 9. Click on OPC UA and add a new server.

v |
FILE HOME PROCESS MODELING PROGRAM DRAWING HELP
Clear m Show v
|:, Export D Restore Windows

D Import
Configuration Server Variable Group Windows

Connectivity Configuration

& Beckhoff ADS

& FANUC Robaot

& OPCUA

& Siemens S7

& simMIT

& Universal Robots RTDE
& WinMOD Net

Figure 9 Adding an OPC UA server to VC
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The following window will open, as shown in figure 10. Change the “localhost” to the IP
address from the OPC UA server; in this case, it was 192.168.0.1 and test the connection.

Edit Connection

Connect to a new server or edit connection
parameters.

Find Servers

Discovery server opc.tepi//localhost:4840

Discovered Servers

Couldn't access the discovery service.

Connection

Server address opcitcp:/flocalhost:4840

Use secure endpoi... D

Authentication
None

(_J) Username
Username
Password
Save password

'::_-:-:' Certificate
User private ke...
Pazsword

Save password

Figure 10 OPC UA properties

A window with the notification that the connection succeeded will appear, as shown in figure
11. Now press apply at the bottom of the window to create the server.

Connection succeeded Connection

_ Server address opcitcp://192.168.0.1:4840
. Connection succeeded.

Use secure endpoi... |:|

Authentication

¥} None

Figure 11 Testing connection
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In the left menu, the server will appear, as shown in figure 12. To make the connection active,
click the circle, and it will turn green. The output window will print that the connection has
been made.

Connectivity Configuration

# Beckhoff ADS
#& FANUC Robot
- #¥ OPCUA
= E Server
= Simulation to server

= Server to simulation

Figure 12 Enable/disable server

There are two options to connect variables. The first is “simulation to server”, which means
the digital twin (VC) will send information to the PLC (inputs). The “server to simulation” is
the opposite and are the outputs from the PLC that are sending signals to the digital twin.

A raycast sensor and linear actuator are used to demonstrate how to connect variables, as
shown in figure 13.

Figure 13 Sensor and actuator

Right-click on the “simulation to server” and click on add variables. This will open a window
with the variables from the software on the left side and on the right side the PLCs. Right-
click and press “reload simulation structure” when nothing appears, as shown in figure 14.

Create Variable Pairs

Include:

[] Only selected components Selected server: Server

Component properties D Behavior properties Signals D Signal maps Deg Adding to gr nulation to server

+ Bl Objects
+ [l Types

Expand All
Expand Selected Subtrees
[E] Collapse Tree

Reset Columns

=, Reload Simulation Structure

Figure 14 Adding variable pairs

75



“Simulation to server” is used for the inputs; in this case, this will be the sensor. Select the
preferred variable to connect to the PLC’s variable. To find the PLC’s variables, open the
object map as shown in figure 14 and then open the folder with the PLC's name. Now all the
folders from the PLC will be visible: Inputs, memory, outputs... In these folders, only
variables will appear that have been made in a PLC-tag table. For example, if in Tia a PLC-
tag is made for 10.0 with the name raycast sensor, it will appear here. When a variable has
been selected on both sides, click on the pair selected, and they will appear in the paired
variables at the bottom of the window. The same procedure is done for the outputs, but this is
done in the “server to simulation” tab.

Create Variable Pairs

Selected server: Server

ected components

Component properties [_| Behavior properties [W] Signals [] Signal maps [¥] Degrees of freedom Adding to group: Simulation to server

RaycastSensor + il Counters
+- == Component properties RaycastSensor + [l DataBlocksGlobal
44 BooleanSignal sor BooleanSignal Boolean +- [l DataBlocksinstance
% RealSignal aycas v RealSignal Real — [ Inputs
4= Sensor RaycastSensor Sensor Boolean H icon ByteString None
Cylinder Raycast_detection Boolean Boolean Read and write

Dind amd samite

Pair Selected

Figure 15 Pairing variables

When connecting all the variables and running the simulation, figure 16 illustrates what the
software shows. Sometimes when downloading the Tia program again, the OPC UA server
restarts and the green checks in the figure will appear red. The solution is to disable and
enable the server by clicking on the white circle, as shown in figure 12.

Connected Variables

Figure 16 List of connected variables
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2 Component modelling

During this chapter, different types of components will be explained step by step on how to
create them. The main goal is to be able to control or use them as inputs with a PLC.

2.1 Creating a linear actuator/cylinder
The first step is always to import a 3D model or design one in visual components. Go to the

modelling tab and click on “new” to create a new model. Visual components has a few basic
shapes, as shown in figure 17, that can be used.

X {:()} = ¥ | O snap | [E]Restore Windows
@ =] |

ove  [[TIshow =

Features Tools Behaviors Properties Wizards
v - b v -

Primitive Geometry
4 B

Ly 4 2
Cylinder Sphere e Wedge

Figure 17 Basic shapes VC

For example, two boxes and a cylinder are drawn and changing their parameters gives the
following shapes, as shown in figure 18. On the left of the screen, the three shapes appear
under the Root.

[=] [#] ( searcr

= 4 Root [MewComponent]

([ Block
[ Block 1
i Cylinder

Figure 18 3 basic shapes

The next step is to make the 3D representation of a cylinder. The shapes can be moved with
the move commando in the toolbar. Some helpful tools are align and snap to help with this
process.
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Figure 19 shows the shapes in place. The cylinder has the same length and material right now
as the beam, so it might not be visible. As shown in the figure, clicking on the cylinder in the
left bottom corner will reveal it. Any selected shape will automatically open the property
window at the right, and the material can be changed there. This makes it easier to see the
different shapes.

N\
Figure 19 Assembled shapes

The next step is adding the linear movement. In the root menu in the left bottom corner, select
the cylinder and the mounted plate (hold ctrl and click on both). Right-click on one of them,
and a menu, as shown in figure 20, should pop up. Click on “extract link”, and it opens up a
window on the right and select translational as the type of joint. The window will now have
some parameters available.

Tip: if a CAD file is imported, it will appear as one shape, right-click on the root and press
explode; this will separate all the shapes

Component Graph

+ [ NewComponent # Copy
(
Delete
() Centerin 3D View
&

2% Collapse features

£ Extract component
Extract link

Cylindrify
Blockify
~ Convex Hull
&+ Explode
Mowve Up in Tree

.'- Group

g _' : Group Main Level

E]E] Search Remowe Empty
= % Root [NewComponent] G bkl
[ Block ;  Select Parent
[ Block 1 ++% Remove Holes

i Cylinder

Figure 20 Menu right-click on shapes
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Depending on how the shapes were orientated initially, the Axis for the translational
movement will differ. In the toolbar at the upper left corner, select interact and now, when
pressing on the cylinder or mounted plate, they can be dragged. They will only move via the
selected axis in the menu, so it can still be changed if it is the wrong axis. The cylinder should
move, as shown in figure 21.

Tip: when the link moves in the wrong direction and another axis is to be tried, first press on
the double arrow (shown in the figure with the orange arrow) to go to the initial state.

Fi'g-;ure 21 Axis of translational movement

Figure 22 shows the properties of the link. Change the name to “PushJoint” (this can be
anything, but for the rest of this tutorial, this is used as well) and for the controller, just add a
new one. The shapes used in this example are a beam and cylinder with a length of 200mm,
so the min limit is 0, and the maximum is 100mm of the joint.

Link Properties

Coordinates (® World () Parent () Object

b4 12.763
40

MName

Offset

JointType Translational

Axis +X

Name Pushloint

Controller Servo Controller

Initial Value

PushJoint

Value Expression [RUAINS

Min Limit

Lag Time

Settle Time

Figure 22 Properties of the link
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The next step is adding behaviours and properties. Whenever in the home tab a setup is
created, and a component is placed, it opens up a window with customisable parameters. The
parameters that appear there are some standard options or properties added during the
modelling. For example, a property could be created for how far the cylinder would make a
linear movement. Instead of going to modelling and changing it manually, it could be
connected to that property, making it more user-friendly.

Create the following properties as shown in figure 23. There is an option “properties” in the
toolbar, and the added properties here are 4 of the type “real”. Change their name and quantity
(speed, acceleration, distance....) Noteworthy is that the name of the last two properties starts
with the exact name as the name of the Link (“PushJoint”); this will be explained later why
this is necessary.

Component Graph

- |[® NewComponent
- = Properties
% PushSpeed 500 mmy/s
. PushAcceleration 500 mm/s*
1 Pushloint Open 100 mm
. Pushloint_Closed 0 mm
- £ Behaviors
L = Servo Controller
- o Link_1
L

iF Behaviors

Figure 23 Adding properties

The next step is adding behaviours. Figure 24 shows the added behaviours and their names.
Behaviours can be found in the top toolbar. For this model, add three booleans and 1 Python
script. Important once again is the name of the booleans. The action signal is for starting the
movement (connected to an output from the PLC), and the other two are end of range contacts
(inputs for the PLC). Besides that, they also play a significant role in the Python script. It
essential is to click on every boolean and connect them to the Python script, as shown in the
figure.

- {3} Behaviors Properties

&5 Servo Controller

2 ServoScript

%= Pushloint_ActionSignal KIS Pushloint_ActionSignal

%a Pushloint_OpenState AutomaticReset

4a Pushloint ClosedState Connections

Figure 24 dding behaviours

In the thesis above, the laboratory setup was created with everything having physical
properties so they would interact with each other. To make this cylinder interact with physical
objects, to push a block, for example, it needs physical properties. Click on the Link_1 in the
component graph at the left and add a physics entity behaviour. Set the physics type to #
Kinematic using this actuator on a conveyor belt. More information on the different types can
be found in the thesis above in paragraph 4.3.6.
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The last step is using the Python script to make the link move automatically. The green text
explains a bit what is happening. To explain every line of code would be too complicated for
this manual. Following the free Python script academy on the Visual Components website is
recommended to understand more about the Python script. The “Trace execution” (orange
arrow) is a great feature when the script is not doing what it should do. Enable it and then start
the simulation; this will show live which line of code the Python script is running or is stuck
at.

R R I

1 from vcScript import * ~
2 comp = getComponent ()
= app = getApplication()
4 servo = comp.findBehaviour ('Servo Controller')
5
(3 sexvo_speed = comp.getProperty( 'PushSpeed' )
7 # this part is just to be sure there is a property for the speed and acceleration, if not it will be automatic
8 if not servo_speed:
a T servo_speed = comp.createProperty( VC_REAL, 'PushSpeed' )
10 servo_speed.Value = 500
11 gexrvo_speed.Quantity = app.findQuanticy('Speed')
12 sexrvo_acc = comp.getProperty( 'Pushlicceleration' )
13 if not servo_acc:
14 T SErvo_acc = comp.createProperty( VC_REAL, 'Pushhcceleration' )
15 servo_acc.Value = servo_speed.Valuekd
16 servo_acc.(uantity = app.findQuantity('Acceleration’)
17
18 def changeSpeed(arqg):
19 servo.Joints[0] .MaxSpeed = servo_speed.Value
20 servo.Joints[0].MaxRcceleration = servo_speed.Valus
21 servo.Joints[0] .MaxDeceleration = servo_acc.Value
22
23 gexrvo_speed.OnChanged = changespesd
24 servo_acc.OnChanged = changeSpeed
25
26 def OnSignal( signal ): #function gets triggersd when PushJoint_ActionSignal becomes High
27 global gueue
28 if '_ActionSignal' in signal.Name:
29 joint_name = signal.Name.replace(' ActionSignal','") #Pushjoi ignal becomes PushJc
30 queue.append( [joint_name, signal.Value] ) #queue i 0 or 1]
31
32 Fdef OnRun():
33 global gueue
34 gqueue = []
35 Joint_map = {}
36 [ for i,j in enumerate (servo.Joints):
37 joint_name = Jj.Name
38 joint_map[joint name] = 1
39 open_state_signal = comp.findBehaviour(joint_name + '_CpenState')
40 closed_state_signal = comp.findBehaviour(joint_name + '_ClosedState')
41 min val prop = comp.getProperty(joint name+ osed')
42 max_val_prop = comp.getProperty(joint_name+' Cpen')
43 # set initial values for state signals so the script knows in what position the joint/limnk is
44 -] if all([min val prop, max val prop, closed state_signal, open state signall):
45 = if j.CurrentValue = min val_ prop.Value: #check if the der is closed based on its current position (j.CurrentValue)
46 closed_state_signal.signal (True)
47 =] else:
43 closed_state_signal.signal (False)
49 = if j.CurrentValue == max val prop.Value:
50 open state signal.signal (True)
51 = else:
52 open_state_signal.signal (False)

e
55 H—] while True:

56 condition(lambda: gueue)

57 task = queus.pop(0)

58 joint_name, val = task

59 open_state_signal = comp.findBehaviour(joint_name + '_OpenState')
€0 closed_state_signal = comp.findBehaviour(joint name + ' ClosedState')
€1 = if val == False:

62 # e to close the T

€3 min val = comp.getProperty(joint_name+' Closed').Value

€4 open_state_signal.signal (False)

€5 joint_index = joint map[joint_name]

L1 gervo.moveJoint (joint_index, min val)

&7 - closed_state_signal.signal (True)

68 = elif val = True:

3] # code to open the cyli

70 max_wval = comp.getProperty(joint_name+" Open').Value

71 closed_state_signal.signal (False)

72 joint_index = joint_map[joint_name]

73 servo.moveJoint (joint_ index, max wval)

74 open_state_signal.signal (True)

F“irgure 25 Python script

In the code, the joint name gets used a few times (lines 28, 29, 30, 59, 60, 63....). This is why
it is essential to name everything the same in the behaviours and properties. Even the purple
text in the Python code is the same, so it can have any name, but it should be the same one
everywhere.
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The last step is now to test if it works. Create 3 PLC tags, 1 output and 2 inputs and connect
them as mentioned before in this manual. Download the PLC code and maybe reconnect the
server. Run the simulation and change the output, and as shown in figure 26, the cylinder will
move outwards.

p

Figure 26 Running the simulation

Once this model is created, this setup can be used for any model of any size with a linear
movement and needs to be controlled with the PLC.

2.2 Rotary actuator

The modelling of a rotary actuator is very similar to a linear actuator. For this reason, only the
differences will be explained in this part of the manual.

Figure 27 illustrates a rotary actuator which will make a rotational movement. An example of
an application can be stopping a product on a conveyor belt.

Figure 27 Rotary actuator

The same procedure is done as with the linear actuator, and in this case, the model exists out
of 2 cylinders and 1 beam. The grey beam and cylinder will rotate around the fixed black
cylinder. Again, select the beam and cylinder and extract a link. The only difference now is
that the type is not translational but rotational. The min and max limits are now in degrees and
not in mm.
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The booleans and properties are identical except for the quantity of the properties. Instead of
speed, it is now angular speed and acceleration, and instead of distance in mm, it is now in
degrees. The Python script can remain precisely the same.

Component Graph

: Properties
1z PushSpeed 500 mm/s
% Pushlcceleration 2000 mm/s*
1z Pushloint_Open ap =
% Pushloint_Closed i
i} Behaviors
& ServoScript
#a Pushloint_OpenState
%= Pushloint_ClosedState
#s Pushloint_ActionSignal
&5 Servo Controller
Link1

i} Behaviors

L

8 PhysicsEntity

Figure 28 Component graph rotary actuator

2.3 Linear vacuum actuator

The procedure is again identical to the one from the standard linear actuator, except there is
something extra added. Figure 29 shows an example of a vacuum actuator. The only
difference is that a cone is added instead of a mounted plate, which resembles a vacuum
suction cup. The cylinder can also move with a linear movement. To create this, repeat the
exact procedure as for the standard actuator.

Figure 29 Vacuum actuator
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The modelling tab also has some wizards available to jumpstart creating some components
(end effector, workpiece positioner, conveyor...). To grab a component with this actuator, a
wizard was also used to simulate a vacuum suction cup. This wizard is not available in the
regular installed version of Visual Components. Download via the following website or ask
the teacher for the .zip file.

Grasp action wizard: https://forum.visualcomponents.com/t/grasp-action-wizard-
professional/675
Once downloaded, unzip it, put the folder in “My Commands, “ and relaunch VC.

e PCat HAMK: P\USERDATA\Visual Components\4.4\My Commands

e Own PC: C:\Users%username%\Documents\Visual Components\4.4\My Commands

[ ]
Once relaunched, the wizard will be added. Select the vacuum actuator and click on the
wizard. At the right, a window will open where a node should be selected. (choice between
Link_1 or full component), choose the link and apply. This will automatically create another
node in the component graph and add some properties, as shown in figure 30.
Automatically a boolean behaviour is added to control the “vacuum” (GraspSignal), which
can be connected to the PLC. The last important aspect is adding a second physics entity to
the grasp detection node, as shown in the figure. If not only components can be picked up
when stationary and not from a conveyor belt, that is why a #Kinematic physics entity type
has to be added.

Component Graph

500 mm/s
500 mm/s”
100 mm
0 mm
0,0,70
50, 50, 50
25
False
easeToPhysi... Never
easeToWorld False
UpdateWorldl... False
GraspAction:DisplayMessag... False
I} Behaviors

= Servo Controller

vint_ActionSignal
vint_OpenState
%a Pushloint_ClosedState
ink_1
Behaviors
PhysicsEntity
f*= GraspDetection

Behaviors

Signal
e GraspActionScript

if PhysicsEntity 2

Figure 30 Component graph vacuum actuator
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Raycast sensor
A raycast sensor is like an optical sensor. The first step is importing/drawing a 3D model to
start from. Figure 31 is an example, but it can have any shape.

Figure 31 3D model for raycast sensor

The next step is adding behaviours and properties, as shown in figure 32. There are two new
types of behaviours added here that did not appear before in this manual, the real signal,
which can contain a value and the RaycastSensor behaviour. Connecting the BooleanSignal
and the RealSignal to the Python script is crucial but NOT the Sensor one.

Component Graph

5 & (Searct

= [? RaycastSensor

o— .
== Properties

L A Threshhakd 200 mm

.__. Behaviors
__ RaycastSensor
BooleanSignal
F= RealSignal
e PythonScript

Sensor

Figure 32 Component graph raycast sensor
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Figure 33 shows the properties of the sensor. The behaviour can measure the distance to an
object. Therefore the real signal is connected to the range signal. The sensor also detects when
a component is closer than the detection threshold, and therefore the boolean signal is
connected to the bool signal. The max range of the beam can be changed and the detection
threshold as well. The last parameter is the frame; the sensor's beam will go in the direction of
the positive Z-axis of the chosen frame. Before choosing a frame, one should be added
manually. This can be done by clicking in the toolbar on features and then frame. Position the
frame with the snap, align and move commandos to the preferred position on the 3D model
and select the frame in the raycast parameters. When the Z-axis is not pointing upwards, just
rotate the frame with the move commando.

Properties

MName
UpdateScene
TestParent
ShowRay
UseSampling
SampleTime

MaxRange

DetectionThres...

DetectionConta...

RangeSigmal RealSignal

ComponentSig... [l

BoolSignal BocleanSignal

Frame Sensor

Figure 33 Properties of the raycast sensor

Figure 34 shows the result when everything is done correctly.

nsor

Figure 34 Result of adding the raycastsensor frame
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The last step is writing the code in the Python script. Figure 35 shows the used code. The
detection threshold, which was a parameter from the raycast sensor, will determine when the
sensor detects an object that is close enough, and this will trigger the boolsignal. In the thesis
above, the raycast sensor separates products based on size. For this reason, the property is
added as well, and the real value, which is measured by the sensor, is compared to this
property, and this comparison will determine if the Sensor boolean is set or reset. The sensor
boolean is an input for the PLC, but that is just for this specific application of separating sizes.
When detecting any object in the threshold zone, connecting the boolean signal directly to the
PLC is enough.

The function “OnSignal” gets executed when a signal connected to the Python script becomes
high. For this reason, the Sensor signal cannot be connected to the script because this would
lead to directly resetting the signal again, and the PLC will not read an input value of 1.

% RaycastSensor:PythonScript™

&'i’?ﬂ-—_ﬁ—-gﬁ.ﬂﬁiﬁnd| |v4£x

1 from wvcScript import

2 comp = getComponent ()

3 sensor = conmp.findBehaviour ("RaycastSensor"™)

4 Sensor = comp.findBehaviour ("Sensor™)

5 #will activate when a signal is triggerd that is linked to the python code

& Fldef OnSignal{ signal }:

7

;] = if =ignal.Type = VC REALSIGNAL:

] threshhold = comp.getProperty("Threshhold") #gets the walus of the properxty
10 distance = threshhold.Valus

11 = if zignal.Value <distance: #compareszs valus of property with the real walus measuredSsS
12 { Sensor.signal (True)

13 = else:

14 Sensor.signal (False)

15 :

16

17

15 def OnRun () :

15 Sensor.signal (False)

F?gﬁure 35 Python script raycast sensor

2.4 Volume sensor

The volume sensor is a digital version of a material/colour version. The same 3D model was
used as the raycast sensor to keep this manual as compact as possible. Figure 36 shows the
necessary behaviours and properties.

Component Graph

=] [# ( Search
- [® Volume #2

— :
= == Properties

| L aee Colour

I Behaviors
1 VolumeSensor
%a BooleanSignal
f@ PythonScript
% ComponentSignal
4= MaterialDetection

Figure 36 Component graph volume sensor
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Instead of adding a real as a property, a string is added as properties. With the raycast sensor,
the distance was compared to a real number. With the volume sensor, the material/colour of a
product can be measured and compared with the property, and the material detection boolean
is set to true, which is connected to the PLC. Again, there are two new behaviours: the
component signal and the “VolumeSensor” behaviour. A real signal used for the raycast can
contain a value (number), but the component signal contains information about a
component/product (material, name, product ID...).

Figure 37 illustrates the properties of the volume sensor behaviour. Again the boolean signal
is triggered whenever the sensor detects a component and the component signal contains the
information about the detected component. The sensor measures in a contained volume,
determined by the lower and upper frame. These two frames have to be added manually, as
shown on the right side of the figure. The “TestMethod” determines when the sensor detects a
product in the volume (entire object inside, centre inside...).

Properties

Il
Il
Il
O

TestSiblings
TestOnlyContai...

7\UpperFrame
o

ShowVolume

VolumaMatenial Null

BBox Center Inside

DetectionConta... [l

(81T M ComponentSignal v

BoolSignal BooleanSignal bt >\owe rFrame

LowerFrame Lowerframe ~

UpperFrame UpperFrame M

Figure 37 Properties of the volume sensor behaviour

Figure 38 illustrates the measuring volume of the sensor, contained by the upper-and
lowerframe.

erFrame

Figure 38 Volume sensor with visible volume
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Figure 39 illustrates the Python code of the sensor. In the thesis above, the sensor separates
products based on their material/colour. For that reason, this sensor will set the boolean
“MaterialDetection” to true if the measured material is the same as the property “Colour”.

%  Volume #2=:PythonScript™

CEDU - % 2BR9 ™ B |[#]le]Zx

1

2 from wcScript import *

E3) comp = getComponent ()

4 sensor = comp.findBehaviour ("VolumeSensor™)

= Sensor = comp.findBehaviour ("MaterialDetection™)

= app=gethApplication()

7

8

a Fldef OnSignal( signal )}: #triggers whenever a componsnt is detected
10

11 = if signal.Value == True:

1z

13 test = sensor.ComponentSignal.Value.Material.Name #gets the material of the detected component
14 colour = comp.getProperty("Colour™) # gets the property
L& value = colour.Value

16 = if wvalue = test: #compares if the property iz the sams a3 the material measured by the sensor
17 { | Sensor.signal(Trume)

18 = else:

15 Sensor.signal (False)

20

Sensor.signal (False)

21 Tdef OnRun () :
pass

Figure 39 Python script volume sensor

2.5 Product feeder

To run a simulation, there need to be products created in an interval. This is why a product
feeder is necessary. As far as the 3D model for this, a single beam is fine. The feeder is meant
to be connected to a conveyor belt, so the easiest part is creating a beam in VC so that later
on, the dimensions can be easily changed to the conveyor height. Figure 40 shows what
features are added in stepl. It exists of 1 beam and 2 frames. Place one frame in the middle;
this is where the products will spawn, and place the second one in a straight line on the edge.

Figure 40 Features for the product feeder
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Start by adding the following behaviours to the component graph, as shown in figure 41. The
physics entity is again from the #Kinematic type.

Component Graph

= & (searcr
- [® Custom_Feeder
I— =% Properties
lehaviors
|_|__[| Statistics
+ Path
%= PowerOnSignal
i PhysicsEntity
k| OneTeOnelnterface
- W, productCreator

B

Figure 41 Component graph product feeder

A path is a new behaviour in this manual, and it is to transport the products from the middle to
the edge. Figure 42 shows the parameters; the only important thing is the speed (movement
speed of products) and the path. Press on the green plus and now select the frames of which
the path exists. First, choose the frame from the centre (PathFrame_2 in this example) and
then the frame on the edge.

Properties

Name Path

Statistics Statistics
Capacity 099999

dd ‘Path’ items
CapacityBlocks

TransitionSignal

PathFrame 3 Speed

Acceleration
PathFrame 2

Deceleration

Interpolation

Accumulate

PathFrame_2

PathFrame_3

Path/Auxis Automatic

Figure 42 Parameters for a path
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The “OneToOnelnterface” is a new behaviour, and because of this behaviour, the product
feeder can be connected to a conveyor belt. First, add a new section and select the frame's
name that is located on the edge. After that, add a new field of the type “Flow”, and the
container has to be the name of the path created before, and the “PortName” has to be set to
output; this is because products are flowing from the feeder to a conveyor.

Properties

Mame OneToOnelnterface

IsAbstract []
ConnectSameL.. |:|
AngleTolerance gL
DistanceTolera... VGG
ConnectionEdit...

InterfaceDescr...

* Section: new section

MName new section

Section Frame [Eiid et
* Flow figld: new field

Mame

Container

PortMame

w
ki

Add new field

Add new section

Figure 43 Parameters for the interface

The last new behaviour added was a product creator. Once added, open the output parameters
as shown in figure 44 and change the connection to Path and the “Port” to Input.

Component Graph :
Properties

Properties

— i} Behaviors
|— |.|_.l| Statistics Nome

Input

Qutput Output

¥a PowerOnSignal P hysica I

hysicsEntity
k| OneToOnelnterface
- i, productCreator Connection Path TI

# Output
Port Input d I

Capacity test Component Leading Edge

[ Input
Figure 44 Product creator output parameters
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When selecting the feeder in the home tab (not modelling) and selecting product creator, as
shown in figure 45, there is now the option to choose which part must be created and with
which interval. To create different products in a random order, read paragraph 5.3.1 in the
thesis above.

Component Properties r X

fd

Coordinates (® World () Parent () Object

1 B

Default | ProductCreator | PhysicsEntity | Path

FeedMode

Interval

Limnit

PartPooling I:‘

Part

Cylinder b

Define Products

Figure 45 Configuring the feeder

3 General tips coming from experience

When you can’t find a solution, go to the help tab in the software, open the help file,
or visit VC’s website and search for a tutorial. The last resort is using the forum, it has
a great community, and from experience, a solution is presented relatively quick.

Save a lot when working on a model, project... the program crashed multiple times
and has NO autosave.

In the home tab, use the PNP tool in the toolbar to connect components with
interfaces.

Save your own created models and save them in a folder. Add this folder as a source
in the eCatalog to quickly drag the components in the layout.

Running a simulation where a PLC program is involved and where there are timers
used in the PLC program does not speed up the simulation. Speed it up to fast, and the
communication cannot follow, and the timers in the PLC program still have the same
time, so they will run behind.

When running the simulation and stopping halfway and resetting the simulation can
sometimes cause actuators to move when starting the simulation again because the
outputs were still high in the PLC code
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