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1. Introduction

The ModuLase project dewveloped a re-configurable highly flexible processing head system, capable of
cowering welding, cladding, and cutting, through the use of three modular end-effectors. The ModulLase
process head system also includes intelligent sensor’s technologies for quality assurance and semi-
automated process parameter configuration. The ModuLase process head has unlocked the potential of

greater flexibility of fibre-delivered laser sources and addresses a number of arising industrial challenges,
including:

e The rising need for flexible manufacturing systems, to support an increasing variety of product mixes;
e The need to maximise equipment utilisation rates, by eliminating down-time associated with changing
of laser, processing heads and equipment stoppages and reducing capital investment costs.

Training, knowledge transfer and raising awareness are key activities to ensure the uptake of new
technologies, hardware, software, discoveries and outcomes by industry. In this respect, in order to raise
awareness about the outcomes and results of ModuLase, a set of training activities took place in the course
of the project. D1.5 ‘External training, workshops and seminars report’ results from activities in Task 1.5.
Main aim of the present report is to provide an oveniew of training activities carried out throughout the
duration of the project. Table 1 summarises scope of Task 1.5 and D1.5.

Table1l — Task 1.5 and D1.5 Descriptions (according to the GA 723945)

Task 1.5 — Training

This task targets the organization of training/dissemination workshops. For this purpose, a set of materials, like

training manuals and guidelines will be developed and prepared. A database of videos and photos will also be
created, with the assistance of all partners, to facilitate training.

The training workshops will be organised for two different targets, internal training (aimed at staff of the project
partners) and external training. A set of external training workshops will be organised during the last three months

of the project in different countries mainly aiming at engineers and engineering students. This will allow a wider
dissemination of the project results.

EWF will also introduce a training module related to the project results into their standard training packages for
engineers. This will ensure that the necessary workforce receive training on the developed technology. The RTD

performers, the end-users and EWF will organise technical seminars and events during which they will present the
results of ModuLase.

A final event will be organised, to gather all the industry stakeholders from several sectors and present the main
results and expected gains of its deployment for the targeted markets, providing for a faster acceptance and
integration of the project results in the value chain.

D1.5 External training, workshops and seminarsreport (M57)

This deliverable results from activity in Task 1.5. This report will be submitted towards the end of the project and
aims to capture the external training activity that has been on going in the project. A set of external training
workshops will be organised during the last three months of the project in different countries mainly aiming at
engineers and engineering students. This will allow a wider dissemination of the projectresults.

RB/v1/D15 1 ModulLase — D1.5



2. Training Materials and Manuals
A set of training materials were developed to complement and aid the training activities carried out

throughout the timeframe of the project. These materials will be available, in the project’'s common
repository, for the consortium to use where they see fit even after the end of the project.

Presentations

During the timeframe of the project’s presentations were created to showcase project, share information
and knowledge in an effective and didactic way.

At the start of the project, a presentation providing an owveniew of the project scope was produced,
showcasing its goals and expected outcomes (Figure 1).

Background of the Proposal
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Figure 1 - Slides from the first presentation

The full presentation can be seen in Annex | — Initial Project Presentation.

As the project ewolved and results were achieved, a new presentation was created, focusing on the
outcomes and providing a more technical ovenview of the work dewveloped (Figure 2).

Concept Scheme
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Figure 2 - Slides from the updated presentation

The full presentation can be seen in Annex Il — Updated project presentation.

Additional presentations (to introduce the technology) are also available in the project website and cowers
the following topics:

— Basics of Laser technology; Laser beam cutting; Laser beam welding & Laser cladding;

— Basics of Process Monitoring and Control;
— ModuLase Key Technologies: Set-up, Capabilities and Processes.
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In order to complement the ModuLase training activities, and for students to have a reference document
and address any doubt they might have, the ModuLase consortium prepared a manual with the different
steps needed to use the Control User-Interface (Figure 3). The full document can be seenin Annex Il —
ModuLase Software and Hardware Architecture Manual. The software developed ensures the adequate
control of the hardware enabling the fast configuration of the machine to be adjusted to the work being
done. All this is done through a user-friendly interface.

~ (W)
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are and Hardware

Softw Architecture

Manual

Figure 3 — Software and Hardware Architecture — Manual

Database of Photos and videos

Photos, videos and associatedtraining materials to support delivery oftraining sessions to external entities
are available on the project website in the Documents tab (Figure 4
https://www.modulase.eu/documents. html).

ModulLase

C @ modulase.eu/documents.html

Final Event

OO0 |
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ON-LINE
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Figure 4 — Evidence of database of ModuLase Training Materials

RB/v1/D15 3 ModulLase - D1.5



https://www.modulase.eu/documents.html

3. External Training, workshops and seminars

Within the timeframe of the project a set of activities were carried out, targeting not only engineering
students but also engineers and operators. The activities targeting engineers and operators were carried
out directly to industry, enabling the raise awareness regarding the ModuLase system. During delivery of
the training sessions, it was ensured that personnel needing to acquire knowledge on the operational
aspects of the ModuLase system was involved.

Moreover, the workshops organized toward engineering students were a great opportunity to showcase a
new industrial approach for laser processing to the future work force. Delivered training activities are
summarised in Table 2.

Table 2 — Summary of External Training Activities deployed

Activity Place Date Audience Type Attendees | Notes
Training at Oeiras 28 September Enain EV:/E ggnurs.: fin o4
VET Centre PT 2018 gineers & Engineering
students
Seminar at Lisbon 03 December Mechanical and Materials 34
University PT 2018 Engineering Students
Training at Ovar 19 December Automotive Sector Company 16
Industry PT 2018
Training at Ovar 04 — 08 February .
Industry PT 2019 Automotive Sector Company 9 Evidences
In the
subsections
Training at Ovar 27 — 29 February . here-after
industry PT 2019 Automotive Sector Company 5
Training at Grij6 28 September En ineEc\a/;/sE S?E:rsir?eerin 18
VET Centre PT 2019 g gneering
students
Training at 11 Jul EWE Course
9 On-line uy Engineers & Engineering 15
VET Centre 2020
students
Seminar at On-line 23 March Mechanical and Materials 20
University 2021 Engineering Students

RB/v1/D1.5
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Figures 5to 13 report evidence of all external training activities delivered in the course of the ModuLase
project.

VET Centre — EWE Course — ISQ Oeiras — 28t September 2018
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Figure 5 — EWE Course presence list

Seminar at University — IST — 3" December 2018
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ModulLase

MODULAR LASER PROCESS HEAD
Development and Pilot Line Validation of a Modular

Re-Configurable Laser Process Head

Task 1.5 — Training
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Figure 6 — Evidence of Training at IST Engineering Students

Training at Industry — Automotive Sector — Kirchhoff 1st Edition — 19t December 2018
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Figure 7 — Kirchhoff 15t Edition Course presence list
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Training at Industry — Automotive Sector — Kirchhoff 2" Edition — 4t to 8t February 2019

e

Figure 8 — Kirchhoff 2" Edition course presence list

Training at Industry — Automotive Sector — Kirchhoff 3 Edition — 27t to 29" February 2019

@

FOLHA DE SUMARIO E DE PRESENCAS

FOLHA DE SUMARIO E DE PRESENCAS

Figure 9 — Kirchhoff 3" Edition course presence list
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Figure 10 — Eurico Assuncéao presenting the Modulase System at Kirchhoff
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VET Centre — EWE Course — ISQ Norte — 28th September 2019

Figure 11 — 1SQ Norte — Training workshop presence listand classroom

VET Centre — EWE Course — ISQ Norte — 11t July 2020

Equipment development - end-effectors

Gas Delivery Unit (GDU) GDU and Welding GDU and cladding
end-effector End-effector

¥ SODECIA woopis” BYsre @ imen &,

Figure 12 — On-line presentation of ModuLase to ISQ students

Seminar at University — IST — 23 March 2021
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Figure 13 — Evidence of Training at IST Engineering Students
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4. Conclusions

This report compiles all training materials and external training activities that took place during the duration
of the project. Target groups initially identified at proposal stage, both internal and external, were reached
(althoughthis deliverable reports only the external activities, there have been also internal ones — reported
under D1.13 — Training, workshops and seminar reports). The training activities carried out, targeted not
only industry experts but also undergraduate engineering students as well as the industry in which the
ModuLase concept was showcased, increasing more the coverage of the project, including to potential
end-users.

A database is available on the project website, containing training materials, from presentations, manuals,
photos and videos and will be maintained available and accessible after the end of the project, so that
partners will be able to use in post-project activities, as appropriate.

It is planned to have further training and knowledge sharing activities also beyond project completion,
proving that the results and outcomes of the project are of added value to possible end-users.
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5. Annexes

Annex | —Initial Project Presentation

The below presentation is accessible at: www.modulase.eu/documents.html
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ModulLase
Introduction to the Project
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Background of the Proposal

Despite the unrivalled versatility of fibre-delivered laser sources to
perform a wide range of processes, the patential flexibility is
currently limited by the need to change the processing head for the
different pracesses to be performed (e.q - welding, cutting and
cladding)

The majority of industrial laser systems are employed to perform
low-varlety and high-volume manufacturing operations

Current manufacturing trends (such as increased automation,
individualisation and next-sharing) are driving the need to develop
manufacturing systems which are capable of performing a higher
variety of manufacturing operations and product mixes

Need to maximise equipment utilisation rates, by eliminating down-
time associated with changing of laser processing heads and
equipment stoppages

« Increasing need by industry to reduce capital investment costs

ModuLase Call

H2020-IND-CE-2016-17, FOF-13-2016 call

Factories of the Future: Photonics Laser-based
production

Start date: 1t September 2016

Duration: 36 months

Received EC funding: €2 458 465 (€2,184,565 Grant)

= Programme directly focused on "Rapid individualised
laser-based production”

Consortium

= 8 participants from 4 countries
« 50% RTO, 25%SMEs and 25%LEs
= End users within the power, aerospace and automotive

sectors
Beam Forming Unit wnewss”
End Effectors B woorn®
Process monitoring and quality control amen @
Laser processing development and g

validation

User friendly Operating/User interface

Representing nead of Eropasn Industry @80
© BN sooecin

Autamotive, power and Aerospace
applications.

-

ModulLase Overall Objectives

The ModuLase project is developing a re-configurable highly
flexible processing head system, capable of covering welding,
cladding and cutting

The ModuLase process head system will:

* Be capable of welding, cladding and

cutting, through the usa of threa
modular end-affectors

Include intelligent sensor N
technologies for in-process. i
monitoring y

Be linked fo an intelligent system, in| 5
order to achieve adaptive process
control, quality assurance, and
semi-automated process parameter
configuration

ModulLase Key Features

+ Reduced capital investment costs:
— End- users will save as much as 58% when installing the ModuLase
head (with three end-effectors considered in this project)
— Higher savings possible for ons adopting more:
— Further savings may be realised when replacing end-effectors due to
wear or damage

d-effect

+ Maximise laser equipment utilisation rates by reducing down-time:
_ Anticipated changeover time of <1 minute for the proposed Modul ase
process head
— Improved utilisation rates
— The ModuLase system will allow manufacturers to adopt parallel
pracess cell layouts, rather than sequential process cell layouts;
reducing the risk of production-line stoppages

M|

ModulLase Key Features

+ Reduced running costs:
— Modular end-effectors easily and cheaply replaceable
— Reconfiguring the BFU to match the required beam
configuration will save time and cost.
— The integrated process contral and monitoring system also
helps minimise, if not eliminate, defects and therefore save
an re-work or scrappage.

e v £F - o

e

e

ModulLase
Technologies
& Industry
Focus

Modulase Technologies

Beam Forming Unit (BFU):

+ The adaptable optical elements of the BFU will be capable of
delivering a wide range of laser beam energy distributions, suitable
for welding, cutting and cladding applications.

A range of high-value goods, eq. those made from advanced
materials (advanced alloy steel, fitanium, aluminium, etc.) will be
Govered.

End-effectors:

Three rapidly interchangeable end-effectors will be developed to
caver welding, cutting and cladding applications.

The end-effectors will have a plug and play system to allow them to
be changed on the end of the process head within a time of 1minute.

[ B

ModuLase Technologies

Process monitoring and quality control:

+ Aprocess monitoring system suitable for welding, cladding and
cutting processes will be developed.

It will be embedded into the ModuLase system, in erder to assure
process stability and also enabling to reduce additional time and
costs involved in the process.

User friendly Operating/User interface:

+ The ModuLase system will comprise an user friendly HMI interface,
enabling to input the material grade, its thickness and the laser
process required,

Both the Quality Assurance System and BFU shall adjust vision and
optical configurations and deliver the beam accordingly with minimal
user contact.

M|

Modulase Technologies

Adaptability for Industrial Applications:
The Modulase system will be able to cover cutting, welding
and cladding applications

[ B

BFU manufactured

monitaring system included

Summary of Key Deliverables

Three end effectors manufactured for cutting, welding and cladding

Embedded Pracess Monitoring assembled

Laser process parameters for assembly and ltesting of process head
(BFU + end effectors + process monitoring)

Sw(em and software integrated with new knowledge gained from
TWI trials

Final system developed from its initial specification, testing of
requested settings with actual beam settings and embedded

Final Demonstration of the MeduLase system in industrial
environment and to an industrial audience

Rita Bola
Project Monoger

GEWF

Thank you

RB/v1/D1.5
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Annex |l — Updated Project’s Presentation

The below presentation is accessible at: www.modulase.eu/documents.html
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Defects are detected with a success rate higher than 95%, Future
improvements will also allow defects to be classified

«

The monitering system developed Is able to detect "non cut” cases in laser
culting process with an accuracy higher that S0%
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Annex Ill-ModuLase Software and Hardware Architecture Manual

The below document is accessible at:

OIOI)

ModuLase

MODULAR LASER PRIGESS HEAD

Software and Hardware
Architecture

Manual

MosuLase Softwerssnd Hardwars Archtecturs
T e schtccas consesof st bk

e
rocms’ T sl coress of s et for Contellng e e slates 1oy

e i S o eodn s ey i e 5 g e o
elamerain e e, i,

el 2.3 conea b for e o

e 2 Canol U

moduLs

et

i i
e e e W, o STy s Wi B St GoR 1 s 1o
o i c et ok s e

Eros vt (e 10,

moguLase

|
e 14 g sysem izgrted Wi e AU nesd

g et v e Som s v ol pOGLERd L LSt

s B ks . g e con o e st Th i eracr b
Pier reschsion (441544 P B et svveerh it (\WIR) savct (S:57). i

et e, i - base oh uperaeering sngen The sobvare o dec
Gelecton,  bas t g an OpenHD! sch s, Iocesaig zrne ek i of 8

et

B s et oo o deec el g, o proceins

Soaciaty, e sohvwe ncsies sepcasone b i meriaing (e 15) ohire
o i (g 16

-
o -
= ‘dmen
= —————1

RB/v1/D1.5

www.modulase.eu/documents.html

ModuLs

i
;
H
H
H
H

Figore 3 e ame Ut

Tisisused
2 o e seppes o o e g s deplcerert.

£ —
e 4-BFU + Montorng sy (e BFU component o (9%

ey userintace whieh cores of fleert

ModuLs
Figura ngex

i
e
sl
?

g H
2

i

it

i:
HAREY

i St s 133 0 e B

Montoring Ussrnartace Easy an
i 1 S G e et o g,
Seplstons b cvine meriio. and o ire mepa The cpsbitcs of i Qs

roh e N it

P 10 Process parsmaters ssstnce request

A St 13 e T SRS Frsmts SR Pt o P G
ok g anraamte 3 Fins 3 T i agpaata s o P 1

e 10- Traing o e etcton sy
i coptities o e ualy asssance syem e

Bt s procesing p 0 000iges pe st
v ot sl cnies
o e e

3 s oo
ey

© Labeting n raming

ModuLase

o
2 00 i e red ot n it 11 s 13 ety Specia, b

[y

e e 81 o)
Thickrees (TG4

s e
e

Jrives
Pl D (PO
Pl T e 15

o i e o o v o (BOSURF).

=
T Delcalesion eratar, uich s st i vl i)

e —

oo o e it P e

e uset ARer these two paraiTeers afe deined the Gortrt Usenirierace. sysem wil
i 0

Fgre 13,

=
Fure 13- Lorses prston et

.DUI-ILII!

T ML it s e g Forn e Evropesn sk’ Hatzon 2020 research
3 oo ey s rard et o, HEG2D.Fef 01E. 23516 oo

+F H

The o s it of the Phoorics d Fackodes o the Furs Publc Pivsie
P

wwwmodulase.eu

1Y SODECIA woons” B+ EER

BN Q@ e Sovr

12

Moduls

ntroausticn
oo Mk pejctcvelegnd sl ity fexble rocassing hod sy
oot of ouering wiking, ccki, snd G5, Becugh th s of s ke s

o sty s st st process e cofstion T rcec s

i aptal chlengzm. ki th i et o sl an e sy, o

e, by lirinatg downeme st Wi T of e, proceeiny Tt
ecuprentstoppanes an rebcencailInestment cos.
The bloing documert. povien an cveriew o the Wiodase Hardvars and Schwers

st it f b fths Wi e

‘Controt sertertace

‘et s e e, st e o o e i 1 L
Brocesing Three aernt e ol (b Famectn and A we

- Baic ser(Leve 1 Enes e s o g acces otk dstse

Il e (L 21 Ensting e uses b st process paretens
nepederty (ot e e 1ol on i e e )
R o Lol 3 Pt vt o o e T o

o ot et a0 o e
it e i Gl s 1 e A
e Fiases

ModuLase

e shoani P 13can b deis s ks

The Magrifcaton, MAG) coicion, wbich is e e
Dy SR o o s s iy Pt G PO

i Lo P ) s, Wik o et e e i
o DAL o et with o s oo f e B
o) mmmzhnmlmuzﬂm: e e 51
ENCHS o Do s,

EOSURS, I D, e Prcas il P 1 P 12

Robusinass ot e conkl system

g
o wear, i caceing s Dot

For cch o, 3 masivu. el o b, defind. Th epastbily puson et
pisterafep it

. 1 135
ettt A g e 1 e v i
it morerent

.
s By 5 i e s 140, 2 e o e 11 1
et vt

Monicring s ntarace

T

o e e s e e e i it ws ot ghe]

Aot O Syt [R0S) e 2

N T e s i
ey

Eird i i i ks el o

ModulLase - D1.5


http://www.modulase.eu/documents.html

