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1 Introduction

This document fulfils the requirement of the European Commission H2020
framework (FoF-13-2016: Photonics Laser-Based production) Project
‘Development and Pilot Line validation of a Modular re-configurable Laser
Process Head’ (*ModulLase’). Work package 7 (WP7): Deliverable 7.3 '*Conduct
live demonstration to industrially led audience on up to five laser processes
involved'.

This deliverable results from the activities in Task 7.3 ‘Demonstration of the
ModulLase systemto an industrial audience’. It wasled by GEL and supported
by all the other ModulLase partners. It focused on delivering a demonstration
of the ModulLase system to an industrial audience outside the Modulase
consortium. The demonstration covered the following topics:

e Overview of the ModulLase concept and achievements of the project.

e Overview of the key developed ModulLase technologies, integrated
togetherto deliver the ModulLase system.

e Demo videos recorded in an industrial environment at GEL pilot lasercell,
demonstrating the integrated ModulLase technologies on three end-users
case studies, across three laser processes: welding, cutting and cladding.

This is a ‘Demonstration type’ deliverable in the ModulLase project. A report
document is being provided for review and documentation purposes.

2 Objective

To demonstrate the ModulLase system on three industrial case study
components, proving the concept of flexible manufacturing.

3 Industrially led workshop

A final ModulLase workshop was held toward the end of the project, on the
21%t May 2021, gathering several industrial stakeholders from industry to
present the main results and developments of the project.

This event was initially planned to be hosted physically at GEL facilities, to
allow a real time live demonstration of the ModulLase system. However, due
to the COVID pandemic, the event had to be readapted and was ultimately
hosted on-line. The ModulLase partners worked together to showcase
achievements of the ModuLase project and agenda of the event can be found
in Table 1 below.
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Table 1 ModulLase Event Agenda

9h00

Welcome
by Rita Bola, EWF

09h15

ModulLase Overview: Main Objectives vs. Achievements
by Paola De Bono, TWI

09h45

Beam Forming Unit implementation and advantages
by Nick Ellis, ULO

10h00

The modularity of the end-effectors
By Ricardo Garcia, SODECIA

10h15

Why to include a monitoring tool in the system?
By Eva Vaamonde, AIMEN

10h30

System User Interface
By Philip Wallington, Q-sys and Stefano Tedeschi, TWI

10h40

Virtual Networking Coffee Break

10h55

Demonstration of ModuLase System Capabilities
by Stuart Dutton and Patrick O’Malley, Graham
Engineering

11h25

Q&A Session Livestreamed form Graham Shop-floor
Moderated by Rita Bola, EWF

12h00

Session closure
by Rita Bola, EWF

The workshop started with a welcome by EWF, Dissemination and Exploitation
Manager in Modulase, on behalf of the ModuLase Consortium. An overview of
the project’s main objectives and achievements was presented by TWI,
ModulLase project coordinator; followed by an introduction of the individual
developed technologies:

e Beam Forming Unit implementation and advantages - by Nick Ellis, ULO.
e The modularity of the end-effectors - by Ricardo Garcia, SODECIA.

¢ Monitoring unit - by Eva Vaamonde, AIMEN.
e SystemUser Interface - By Philip Wallington, Q-sys, and Stefano Tedeschi,

TWI.

The above presentations were subsequently followed by an on-line
demonstration of the ModulLase system, focusing on the three end-users case
studies summarised in Table 2. The capability of the ModulLase system was
demonstrated across three laser processes: welding, cutting and cladding.
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Table 2 Summary of case studies

Application Partner Material Images of 3D
parts
Welding shift fork SODECIA S420 steel
Cutting aerospace Ti6AI4V
GEL -
component titanium
Cladding shift fork SODECIA S420 steel

The event was promoted mainly through social media and using the below
banner to support (Figure 1). A platform to keep track of registrations and
engagement was also used, Eventbrite. The event counted with 21 external
participations fromindustry.

Figure 1 Final Event Promotional Banner.

Figure 2 shows a screenshot of a group picture from the event.
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Figure 2 Group picture of Final Event participants and speakers

The annex of this document reports screenshots of the presentations given at
the event, foreach of the topics covered. Full version of slides can be found on
the ModulLase website (https://www.modulase.eu/documents. html).

Demo videos, showcasing the capability of the ModuLase system in an industrial
environment, were recorded at GEL laser pilot cell, where the ModuLase system
was ultimately integrated. All recorded videos can be found on the ModuLase
website (https://www.modulase.eu/documents.html). Screenshots of the
demos are shown in Figure 3 to Figure 6.

Figure 3 Operator at GEL laser cell, handling ModulLase end effectors.
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Figure 4 Laser welding process demonstrated on SODECIA shift fork automotive case
study - laser processing (a) and resulting welded component (b).

Cladded regions

e
b)
Figure 5 Laser cladding process demonstrated on SODECIA shift fork automotive case
study - laser processing (a) and resulting cladded component (b).
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b) o
Figure 6 Laser cutting process demonstrated on GEL aerospace case study - laser
processing (a) and resulting cut component (b).

Summary

An online final event was successfully held on 21t May 2021, delivered to an
industrial audience (external to the ModulLase project) and showcasing the
capability of the ModulLase systemin a manufacturing environment, at GEL
pilot laser cell. The concept of flexible manufacturing was demonstrated
across threelaser process: welding, cutting and cladding.

The event was promoted through social media and attracted 21 external
participations from industry. Full version of presentations and demo
videosslides can be found on the ModulLase website
(https://www.modulase.eu/documents.html).
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Annex
Screenshots of presentations given at the
ModuLase workshop
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ModulLase Overview: Main Objectives vs. Achievements - by Paola De Bono, TWI (slides can
be found on the ModulLase website https://www.modulase.eu/documents.html).
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MODUL AR LASER PHOGESS HEAD

Development and Pilot Line Validation of a Modular
Re-Configurable Laser Process Head

Modulase Workshop with Industry
21% May 2021

ModulLase Overview: Main Objectives vs. Achievements

1Y SODECIA woopis” B =N @ imen W

Contents

= Qverview of the project

= Introduction of Consortium scientific objectives
= Achievements for the project

Introduction to the Project

= H2020-FOF-13-2016 call

» Factories of the Future: Photonics Laser-based
production

= Start date: 1% September 2016
= Duration: 57 months
* Received EC funding: €2 458 465 (€2 184 565 Grant)

= Programme directly focused on “Rapid individualised
laser-based production”
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» Develop a processing head covering welding, cladding and cutting, through
the use of three modular end-effectors  and re-configurable optics

« Include intelligent sensor technologies for in-process monitoring
» Be linked to an intelligent user interface system, to achieve adaptive process
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ModuLase Technologies
& Industry Focus

Objectives of the Project

1. Develop a Beam Forming Unit [EFU] for Tailoring Laser
Beam Energy Distribution

Re-confisurabie colimeting and focusing optics (oy mounting

them on sutcenated drmej to allow tailored beam caustics s be

P'\DHLCEC for weld "l" I:Edﬂlr "E"lﬂ outhng BFP cabions

2. Develop End-Effectors for Welding, Cladding and Cutting
Applications
A E"IEEE of THFIC r’lﬂt!l‘E"lhﬂEEHDE end-effectors CtilEﬂbﬂ and
beuilt for welc "l" Eﬂlﬂﬂlr = and cuth r 14
EET hH'JIﬂE “1!! SEmE F|IJ" and F|H'|| ODIF niecton method to the

Ent-effiectors will provide the additional functionality for each
process [for example, cutting assist-gas, wirepowder-feed and
plume comtral)

S

Objectives of the Project

3. Develop a Co-Axial In-Process Quality Assurance
Systemn
Commencizl in-process monitoring systems exist for laser
cladding. welding and cutting applications
However, the systerns are not currently compatible for al
three processes. In Modulass, quality monitoring unit to be
suitable for welding, cladding and cutting applictions

4. Develop S5oftware Package and Integrate with
Process Head
User-friendly software package required to interface with
other parts of the wider laser processing systern and for
human interface

Objectives of the Project

6. Validate the Flexibility of the Modulase system for
Welding, Cladding and Cutting at a Pilot Fadlity

End-user applications targeted for the Modulase system:

o e | o
Achievements ) Achievements - BFU
Beam Forming Unit {BF‘./} Seciann Power handling capabiity up to 10kW, and compatible with

- Adaptable optical elements capable of gellvering a wide range of
laser beam energy disirutions, sultable for weiding, cutting ang
cladding appications

Hardware - BFU

1pm wavelength laser sources
Capable of providing focus spot sizes
{fibre diameter s benchmark)
Reduce optical configuration changeover from current 1-2 hours
to <1 minute, minimising down-time.

varied by a factor of 3

Positional accuracy of 0.05mm of optical component drives, to
ensure accurate beam caustics

Optical compatibility with co-axial process monitoring
technology

Achievements — End Effectors

+ Theee rapldy Interchangeable end-efectors o cover welding,
cutting and cladding applcations

+ [Plug and play sysiem to allow them to be changed on the end
aof the procass head within 3 iime of 1minute

Achievements — End Effectors g:n;m%

£y SO g e mee o 4
B . moowamey | T T - L "
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Achievements — End Effectors q:uuﬂgqu Achievements — Quality Assurance

- . = A process monitoring system sultable for weiding, ciadding
Optimised Design ana cutting processes developed

e

i Ddiesry Urk
i)

= Embedded Into the Modulase sysiem, In orger to assure
process siadllity, reduce scrap rate, enadling o reduce
adaitional time and costs Invoived In the process

TN 'SODECIA moops;

Achievements - Friendly User-interface 2 % ¥

Achisvements

Quality assurance + The Modul ase sysiem wil compiise an user rendy HMI Interace,
enabiing to IFput the materal gracs, ks thickness and e laser process
required

- Bom the Cuallly Assurance System and BFU shall adust vision and
optical comfigurations and deliver e beam accondingly with minimal usar
contact

© D¥ecive and compatitle Wit the three
@ferere iazar SrooAtIe

ndoder

which cwer SHerert spectral Sancs foen

Clamping stand with
3D manipulator

Surnmary

= The Modulase systern has been designed and manufactured
to be flexible and accommodate three different laser
processes: welding, cutting and cladding

= The systermn comprises, monitoring unit, on board intelligent
algorithms for setting the optical configuration and help the
user im the selection of process parameters

= The capabilities of the system have been proved across
L o ; three different technologias, welding, cladding and cutting.
Modulase system fea T g hez . - . .
with three rapidly intedtaiEE ey Results are aligned with users’ requirements

and re-configurable optics, to cover
welding, claddifig and cutting applications

s
71
~J

o,
ir\\) 1] __J 4 b 000815 %) 4 ™E :I
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iy
Summary Maguiaen
= System validated in lab environment at TWi and,
subsequently at GEL's pilot laser cell on-going
* 4008 Inwestment saving [ 1xBFU) ¥
% Space saving W
Production time saving
*< 1 min changeover of end effector

[ SODECIA woe [+ N @ 5™ %

Contact

Further information available at:

http://www.modulase.eu/

Dr Paoia De Bono

TW! (22 Grarea Part, Qambriage, CE21 GAL, UK
Tak: «44 (D) 1223 299330

L-mat o desons@twi ook

Beam Forming Unit implementation and advantages - by Nick Ellis, ULO (slides can be found
on the ModulLase website https://www.modulase.eu/documents.html).
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Development and Piot Line Validation of s Modular
Re-Configuratle Lazer Procezs Head
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Beam Forming Unit (BFU)

* Basic fibre laser processing head layout — Collimator lens & Focusing lens | & protective window
—not shown|.

* Foousisan image of the fiore o end.

* Dimmeter of fiocus is determined by the ratio of the focal lensths [the magnification].

* SFU hasF, = 100mm & F, = 173mm.

d. { -

Finre |
Collmanse Furesing "
[ lena o = {‘—)dcw

Y SODECIA wosen [ BRI @ %m0 0Wh —

Calfrmatcr, 100mm AL
2 leeaes (seutsiet]

[7 SODECIA woen [+ EEE @ %m0 1))

LJUCV) L)
; : Moduiase - . meguLaER
Beam Forming Unit (BFU) Beam Forming Unit (BFU) S
* Tovary the focus ciameter to zuit the different 22e3, we needed to vary the focal length of
either the colimator [F,] or focusing lenz [F|. A 200m beamexpander/reducer will 9o this
* Addition of = besmspitter 50 monitoning
CEmerEs an view the process. Movizting
* Beamsplitter alows the Inser beam throush but carvarns
Zoom beamenpander /rodicar reflects the visibie light Bnd other nesr IR
disea ] o wavslengihs.
Fibre | T ——
I | | | L 1 a, L™
Firn ey
N ¥
Collimator Focusing "
fans tens [r—
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=053 Lot foeus * Whatsver the sariation insgot
Jeansspanzes lenimy s iy | i, W
PR Wiwiedon  trdatfectar i e oyt
g 08 & pre g s
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Beam Forming Unit (BFU)
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Beam Forming Unit (BFU)

Original end-efecton
shown
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Beam Forming Unit (BFU)

Caustic and power measurements by IPG
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Beam Forming Unit (BFU)

= Some specs:

* Dimensions: L1 'Wx H = 510 x 150 = 150mm, excluding collimator (Blmm) and
fibre receiver.

* Weight: 22kg, encluding end-efectors.

= 0.15 NA fibre 2t B5% power level [has been used with 0.2 NA filre].

* Water-cooding connectors — essential to use st the powers required.

» Connector for gas purge.

= Collimator 100mm FL Focusing lens 173mm FL. Beamexpander 058 to x1.73.
= Factor of 9 variation in focused spot intensity.
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The modularity of the end-effectors - By Ricardo Garcia, SODECIA (slides can be found on the
Modulase website https://www.modulase.eu/documents.html).
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MODULAR LASER PROCESS HEAD

Final Event
The modulanity of the end-effectors
Prezenter: Ricardo Garcia, SODECIA
% SODECIA T
-y LD Oty

EWF

Ll |
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End-effectors L LU

* Welding

* Cutting
* Cladding
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Welding

End-effector

Welding

End-effector Detach

Attach
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Cutting
End-effector
Detach
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W SODECIA B
7 ULO Optics ¥
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Cladding
End-effector

Cladding
End-effector

Attach Detach
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The Modulase project has meoshed funding from the Europesn Union's Horion 2020 rassanch and
innowation programme under grnt sgresmant No. H2020-FoF-2016- 723545 Modulaze

ject is an initistive of thie Photonics and Factories of the Futune Public Privete Parmerthips
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Why to include a monitoring tool in the system? - By Eva Vaamonde, AIMEN (slides can be
found on the ModulLase website https://www.modulase.eu/documents.html).
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moduLase
\V Summary
* Laser process monitoring
d L = Introduction
o u a s e « MWIR/VIS imaging
MODULAR LASER PROCESS HEAD * Modulase cases of study
= Cutting process
Why to include am oring tool in the system? « Welding procezs
= » Cladding process
L7 SODECIA yyee > EEE @ *™n 11V
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Laser process monitoring

Wihy LEcar procace mankanng?
The main goal of proczss monitonng |= o get irformation on e process o
= Imorove the underztandng of he ocoaming pheromena
= Erfance process neproduckifly and raceatilty

+ Erhanced Praduchelty
= Assur process by and qualty

+ Fiaduckion of scrap

+ |Risdhuction of Safec o7 componarts i
¢ Mnininewnce o mealafons

= Eystems examine lserdg-mefal inieraction D Infer S qually of the weiddeposSicut fsef, according i
process quallty sigras.

= Miefnods basad on acoustc, slechic and optical signais.

* Cptical methods are e most commonly used due to ow noise and relabive ease colected.

* Main E2nsors: Pretodiodes, Epecrometers, SO0 and CAMOE camenas, Acoustic sensors, Pyrometers
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ModuLase Main for cystem: Madutase
Main o ons for cyshem: \/’ \
* Commmerial process Monimng Systems- manky for one SpecHic process. . a -
* Mulf-sensar approach Increases the complex®y of the processing head 0 - -
* Liow-Cost Alematves (ICTODOOMEtsrs oF PyTOSECtrc devices]: oW responss me. et amng \anar wekdag ey — o—
* High Tame rate b2 rEqUicd 10 anabie fast pocess control W Image Yo SARMMR VAY D e of gyl Intaraity o the SWIRAMAMR samcr J
- Low cignal in the IR cencor for the lacer outting procecs ‘Vlsasmor
IR sensars + Uncooled PhSa Sensors T Nenlu ™
« High speed infrared Imaging ‘ ! N
= Low cost 0 I
% SODECIA wocp o) @men 1Y)
T SODECIA e E5 © “men fii ¥ voues B BN @
v W)y wilw(y
Main for cystem: Moduiase Mmodutase

Moduaze process monitoring system: suftabie for weiding, C3dding and CUEng processes

- -

1% SODECIA oo
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Modulase cases of study
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Mocutace monitoring cystem cet up Moguiase

To 32t up Te quaiky control or KT control for ach process, we nesd b compiete these steps:
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Welding procses: Sodscia welding case of study

Lach of penetration on Butt joint configuration 5420 steel:
mocurmey ¥95%
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ModuLase

Detaction of Nos-cuts Ti cutting(1 Smen|: accuracy »95%.
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S ModuLase

* Locaton and dimensioning of defects Is complex

* SWIRMAMR sensor enabies measuring the meit pool geometry

* Correlsdon Detween met pool peometrydiutions lazer power
w2z estadbizh through aigorthms (based on real Fials)

P~
¥p, 10 Aguntrans

= Contraier marTane parmat witin & vald ange.

I

wiwiy

Real-Time control results ModuLase
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L)

. Modulase
Conclusions

* The machine leaming sokfion abie to Adomaticaly denify weiding defects has been tested.
Aocuracy higher than 30% s achieved on detection of lack of penetration on laser weiding process
WiE e MIAR sansor.

* Aocording fo resuits fom i3ser CUSNG trisis, an Accuracy higher than 5% IS achieved on detection of
mon-cut defect with the VIS sensar

* For cladding process, a AT control system based on MWIR images of the me® poci was Implemented.
The system Iz able i Improve the Qeomey Stabilty of e (3ser metsl depcsion Tacks. Diuton
decreases and beromes more uniform siong the ciadding pcess.

* Higher number of rials are required Jor system fraining. The acouracy of the system s highiy
‘SEpEEnt On nUTEEr of Al

Thank you for your attention
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System User Interface - By Philip Wallington, Q-sys and Stefano Tedeschi, TWI (slides can be
found on the ModulLase website https://www.modulase.eu/documents.html).
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