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

Task 1.5 = Training
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The Modulase project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. ', '
H2020-FoF-2016- 723945-Modulase. The project is an initiative of the Photonics and Factories of the Future Public Private Partnerships. Pacoecay
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Introduction

« The Modulase project was created to develop a re-configurable laser processing head
capable of performing three different processes: welding, cutting and cladding.

« The system is able to perform the three different processes through the use of three
modular end-effectors.

« Modulase also includes in-process monitoring through the use of intelligent sensor
technologies.

« The monitoring system allows for adaptive process control, quality assurance, and
semi-automated process parameter configuration.
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MODULAR LASER PROCESS HEAD

Concept Scheme

PROCESS LASER WELDING MARKET.

MONITORING
K — @ LASER CUTTING MARKET

ROBOT

CONTROL

1 Wo Moo

TYPICAL LASER SYSTEM

SIGNALS FORM
SEMI PROCESS MONITORING

AUTOMATED

PROCESS ﬁ. SMART _ 0

OPTIMISATION & ==="S0FTWARE |9 @ conrisurarion aw recosack
FROM BEAM FORMING UNIT
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Eq UimeHt development — from concept to prototype

* Beam Formin Unit — BFU

e Gas delivery unit — GDU

* Modular end effectors
 Camera-based quality assurance unit
* Integrated software interface

The system includes dedicated software with a knowledge database and board
algorithms which allow for the correct settings and process parameters to be
calculated for each application. The camera-based monitoring unit is integrated into
the processing head and is compatible with all three of the processes performed by
the system.

04/06/2021
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Equipment development — from concept to prototype

' |\|I|I||||||I|I||HIIIIH||I|I||
\\\||||HH||||HH||||\H\|||H

End effector

Laser beam |

l Workpiece
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Equipment development - sru

BFU Input End Ball screw and stepping motor
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Equipment development - sru

Beam Expander Beamsplitter and focusing lens section with process
monitor port

04/06/2021
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Equipment development —Gpu and End-effectors Design

Gas Delivery Unit (GDU) Welding end-effector Cladding end-effector Cutting end-effector

04/06/2021
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Equipment development - end-effectors

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

04/06/2021
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Quality assurance

-~

v’ Effective and compatible with the three different laser
processes

v’ The arrangement includes camera-based sensors which
cover different spectral bands from visible (VS) to infrared
(IR) embedded electronics and optical components

v The molten bath is monitored in real time

v’ Deviations from stable reference conditions are captured,
localized and identified as anomalies of the process

J
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Qua | ity dSSurance - System design and optical design constraints

,;:'—"'/’ T G

Z
.//'
=
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Coupling optical system.

\\\\

VIS/NIR sensor for
surface inspection

PbSe sensor (SWIR/MWIR) for
thermal monitoring and control

04/06/2021
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Qual ity dSSUIrancCe — Process Validation Trials — Cutting Case

Process parameters: ~ -
Mz?terlal.Tltamum '—-—-t————: _ - v : W
Thickness:1,5mm

Track results

Power: 650W I | .
Gas flow:12bar

validation Info

[ P —

0 0 |
Track results

16 Ok 99 Nok

Visualizing: 27360/ 28.3
FPA Tmprtr: 0.00 Celsius

Track results

13
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MUDULARLASERPRUBESSHEAD

Quality assurance - Process Validation Trials — Welding Case

Detected defects:

- Undercuts

— Pores 2

- foles ///».&\
— Lack of penetration o g AN
- False Friend |

Defects evaluation and defects location in
the weld beads are needed as input for
system training

04/06/2021
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Quality assurance - Process Validation Trials —
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Welding Case

weld NOK! M<0A70mm o«
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Qual Ity assurance - Process Validation Trials — Cladding Case

Local defects are

detected \/

Metallographic analysis

16
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Quality assurance - Process Validation Trials —
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Cladding Case

No control Control
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Quality assurance - summary

v' Defects are detected with a success rate higher than 95%. Future
improvements will also allow defects to be classified

v" The monitoring system developed is able to detect “non cut” cases in laser
cutting process with an accuracy higher that 90%
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Intelligent software

For each parameter, the
algorithms within the software ‘
architecture allow to:
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MODULAR LASER PROCESS HEAD

A

v

{ Teta e e i J [Upload the value from the}

knowledge database

04/06/2021

v' The software has the capability to select the optical
arrangement and process parameters as a function of
the process and the features required for a specific
workpiece

v" The software interfaces with the BFU, the motion
system, the QA system and the laser machine

v' The HMI is capable to provide a real time update on the
process status

W SODECIA o optics' EY-svs
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Intelligent software - Top Level Software Architecture

HMI

Start
Processing

QA / Process

Search

Algorithms

Knowledge

Database

Hardware
Configuration
Parameters
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Hardware Control

4

A

d
l

Monitoring

TWI
v 4

SODECIA

ULO Optics

B-Sys

20

—
aimen gEWF



04/06/2021

Intelligent software - knowledge Database

v" Quick process configuration

+

v' Reducing the expertise required
to optimise the laser processes
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LPBFU

[T M

||| =
10

]

FIXTROOM

[ WKDIST

r
PENLAS
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Intelligent software - knowledge Database
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MODULAR LASER PROCESS HEAD

-

WKDIST and PENLAS: Selected by the user and
uploaded automatically from the machine’s
knowledge database

FIXTUROOM: Fixed distance, only dependent on
the end effector in use

LPBFU: Indicative of the position of the focus,
different beam sizes can be achieved

BDSURF: Beam diameter at the top surface.
The optical arrangement within the BFU will be

accordingly adjusted to achieve specific values
of beam size and focal position

~

J
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BFU

I T
GDU
. ||l|| S0

Laser beam

FIXTUROOM

~

v

WKDIST

PENLAS

Work-piece
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Intelligent software - knowledge Database

— Laser Material Interaction Conditions
e TIMEINT: Time of interaction
e AVPD: Average Power Density
e ENESPOT: Specific Point Energy
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LAoTincd PG

e

V38, Repaatey

Wain Controd Unit 1

F
o -
e |wO08] 12VDC.6A

%l 24 VDG, 1.1A

Aot matizx

Eira e wes |

TIMEINT =

BDSURF

AVPD =

4 % P

TS m X BDSURF?

ENESPOT = P X TIMEINT
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Intelligent software - control User-Interface

e User-friendly

L

I T

e User-levels:
* basic
* intermediate
e administrator

i E

Wl

Communication Panel Home Buttons Process Parameters

24
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Intelligent software - control User-Interface

Intermediate User level

Administrator User level

Basic User level

User Inputl:j
User ﬂutpu{j

User Input]_ |
User Output]_ |
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Market
Flexibility
Uptime
Modular Output
Cel |S fo r ADVANTAGES
laser
processing

Investment

Location

Flexibility

Flexibility
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Modulase vs. Conventional Technologies

Cladding
Head

Welding + Cutting + Cladding
Shop Floor

Industrial Scenario 1

1 power source
1 manipulation system
3 heads

1 fibre
Changing of the head

— ~
() [
Q Q
= 3
=] =1
[=] o
v wvi

r Cladding

Head

Welding Cutting
Shop Floor Shop Floor

Industrial Scenario 2

3 power sources

3 manipulation systems
3 heads

3 fibres

3 processes working at the same time

SODECIA yio optic

Power
Source

-

-3

Cutting
Head

Cladding
Head

Welding + Cutting + Cladding
Shop Floor

Industrial Scenario 3

1 power sources

1 manipulation systems
3 heads
3 fibres

B-Sys

BN @ imen &eur
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ModuLase System

1 power source

1 manipulation system

1 head with 3 end-effectors
1 fibre
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Modular cells for laser processing

4 N

Unit _
Cost Fixed

Flexible Automation
Qation
Manual
Assembly

Cumulative

K Value /
< e 28
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End-use Cases to validate the Technology
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End-user Component Applications Demonstrative Images Outcomes
e Time: -9,74%
Guard for a , ’
$ : : Welding Initial Investment: -69,25%
eGraham . composite turbine - Shop floor usage: -71,83%
¢ engine blade Cutting '
g Rejection Rate: -60%
. Time: -%
Gear box forks of a Welding Initial Investment: -40,52%
SODECIA car Cladding Shop floor usage: -54,54%
Rejection Rate: -33,33%
Time: -%
Component of the -
p. . Welding Initial Investment: -%
body in white of a o
cuttin Shop floor usage: -%
car g C
Rejection Rate: -%
Time: -%
. . Initial Investment: -%
General Application Cladding Shop floor usage: %
Rejection Rate: -%
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Modulase in action

@)

iy SODECIA o optics

-Sys| gﬂ

QIOIY)

modulLase

MODULAR LASER PROCESS HEAD

30

- . ..’
| @ amen GEWF




QIOIY)

Summary

- Modulase project was able to develop a re-configurable system that allows to
perform three different laser processes within a unique facility.

- The Modulase system has great potential to boost the flexibility of fibre-
delivered laser sources and address a number of arising industrial challenges.
Including:

— The rising need for flexible manufacturing systems, to support an increasing variety of
product mixes.

— 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.

04/06/2021

TVVII SODECIA ULO Optics B-Sys

EEN @ men Qo -




QIOIY)

Mmodulase

MODULAR LASER PROCESS HEAD

Thank you

The Modulase project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No. H2020—FoF-2016-723945-Modulase.

The project is an initiative of the Photonics and Factories of the Future Public Private Partnerships.
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www.modulase.eu
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