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About us

IKEQ@QLORTEK

A nro
Research Alliance

SPECIALIZED Joining and related
technologies

Welding, bonding, cladding, etc.
Smart Manufacturing
Laser additive Manufacturing

CLOSE TO THE INDUSTRY NEEDS and
integrated in our customer projects

INDUSTRIAL SOLUTIONS From research
to industrialisation

Process modelling

Assembly & disassembly Solidstate welding Flexible Manufacturing systems
_ ~ Adhesive bonding Laser Metal Deposition Spot welding Customization Inspection by NDT
ndustrial solutions High energy beam Selective Laser Melting

Lightweighting Cladding
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STRATEGIC PARTNERSHIP

RTO
Joining & AM tech
55-60 researchers
25 % PhD
3.5 Mu

|K4\JL ORTEK

|
! !

| K 4 Q B Finanzas
Industria

MONDRAGON [SPesr " etibucisn

Research Alliance

Research alliance
9 R&D Centers
1.400 Researchers
300.PhD
100 Ma
150 patents

500 publications

Globalized corporation
Workforce: 85.000
Turn-over: 14.000 Mu

7th biggest industrial
group in Spain
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LORTEK expertise on:
1) Joining Technologies (Laser Based Welding, Friction Steer Welding, etc.)

Suf iente Fuerza de F l] pa.ra
el Contacto

Lado Advancing de

Laser powder Metal Deposition Selective Laser Melting

3) Materials

4) Industrial Processes
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4) Monitoring & Control

[391x351];double
1.097.928bytes

5) NDI (Active Termography)

2

6) Intelligent Manufacturing
(industry 4.0 & how to use available

data to create value)

[391x351]togical
137.241bytes

Laser Machine parameters

* Power

* Source

* QOptics

\ 4

Process parameters
4.1‘. i

3\

* Material
* Geometry
* Coating

—

* Powderfeed

‘.* Velocity J

[2x1] double
16 bytes

Physical parameters

* Temperature

* Melit-pool
geometry

* Plasma

* Joint
geometry

|

Quality of parts
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Intelligent Manufacturing

Knowledgediscovery & Manageme@ystems

1)

2)

3)

4)
)
6)

Data

a. Monitoring (availability selection acquisitior)

b. Conectivity(CPSIoT)

Preprocessing

a. DataFusion(Unification& transformationof formats)

b. Datacleaning (error correction, outlier detection/analysis, missratues)
c. Reduction/focusingsample drawing, feature selection, prototygeneration)
Data Mining:

a. Classification

b. Segmentationclustering

c. Concept description

d. Dependence associatioranalysis

e. Prediction/trend analysis

Visualization

Interpretation, evaluation, test ofesults

Deploymentand documentation
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Intelligent Manufacturing

Ways Advanced Analytics (big datah revolutionize manufacturing:

a) Zero defect manufacturingminimizing defect appearance)

b) Increasinghe accuracy andjuality of processes: (i.e.: product quality
variabilityA determine the most influential parameters for this variability)

c) Better Understanding of process & plant performaneeross multiple metrics

d) Faster Service & Support to customériealth monitoring for proactive
maintenance through predictive models)

e) Better forecastof product demand ang@roduction
f) Optimizingproductionschedules based on supplier, customer, machine
availability and costonstraints.
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COMBILAS

Combnation of noncontact, high speed monitoring and nen
destructive techniques applicable toASEBased Manufacturing
through a selflearning system

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant
agreement No 636902
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ACOMbination of non-contact, high speed monitoring and non-destructive techniques applicable to
LASER Based Manufacturing through a self-learning systemo

EC funded project (H2020-2014 call)

. Participant No. Participant Country
Started in 01-01-2015 organisation name

1 LE (Coordinator) Hidria AET Slovenia

2RTD IK4-Lortek Spain

3 RTD Laser Zentrum Germany
Hannover

4 RTD Recendt Austria

5 UNI The Universtiy of UK
Sheffield

6 SME Laserline Germany
7LE Orkli S. Coop. Spain

8 SME Talleres Mecénicos Spain
Comas

i
9 SME Mondragon Assembly  France
u—‘ 10 SME 4D Gmbh Germany
o
} 11 SME CAVITAR Finland
§

12 SME SIEVA Slovenia
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A Pioneering approach that combines all aspects of defect avoidance in laser
based welding and cladding processes into an integral or holistic concept.

A Solution that will serve as a model for different branches of European
industry (automotive, aeronautic /aerospace, railway, electronics, capital
goods etc.)

A Address demanding standards in laser welding / laser melting or cladding
processes.

A Self-Learning framework to minimize human expert intervention and reduce
process optimization loop for new applications

Y
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SCOPE OF THE PROJECT

A Minimization of defects appearance in laser based manufacturing

A zero-failure manufacturing approach
A Combination of a) Process Monitoring & b) NDI
A Self-learning system (SLS) to correlate process parameters with detected defects.
A Objective decisions making framework (based on: incremental learning, learning by

examplesé ).

V Real time and automatic process control in laser manufacturing
V Data driven self-adaptive model generation

V Quality improvement.

13
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OBJECTIVES OF THE PROJECT ™ =

A Productivity increase of about 35 % in gas valves repairing process due to
required re-works reduction (cladding layer and base material cracking avoidance).

A Allow to take to the market new generation of pressure sensor glow plug 45 %
faster thanks to the avoidance of cracking appearance using the developed SLS.

A Reduce time-to-market of new flame device sensors by at least 45 %
thanks to acquired knowledge in previous products manufacturing thanks to SLS.

A Reduction of scrap parts and wastes in new pressure sensors (for glow
PP
plugs) manufacturing processes of up to a 50 % through laser welding monitoring
and process parameters control.

A Decrease the number of flame sensor defective parts up to 75 % thanks to
the continuous increase in LBW process knowledge.

A Zero failure parts delivered to the customers in all of the use cases making use
of in-line advanced NDTs to 100% of manufactured parts.

14
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WORK PLAN

COMBILASERorganised int®@ work packagesTheirinterplayis visualisedn the figure below.

IK4QLORTEK
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WP 7. DISSEMINATION AND EXPLOITATION

WP 8. PROJECT MANAGEMENT
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Melt pool geometry,
Proc
>

Laser Ultrasound,
Active
Thermography

]
©-©
A

Process feedback

From Raw Data
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Modcl-Based Process
Operating Window
(FOW)
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SLS Overview: Functionality ™
A Three (3) cases are studied as part of the COMBILASER project:

I Laser Welding (2 use cases)
I Laser Cladding

Y

A Core SLS functionality:

I Feature selection

I Knowledge capture

I Systems modelling and process learning
A Autonomous learning from process data
A Process Operating Window (POW)

I Process optimisation
A Decision support
A Feedback/Control

17
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Laserwelding of pressure sensing devices

.
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Spectral (Illumination)
Meltpool (CCD)
Thermography
(pyrometer)
Thermography (IR)
Topography (CCD and
Laser)

Data

Leakage Sync.

Test

- Active
Thermography
- Laser Ultrasonic

SLS Structure & Functionality

- Learning of
Systems ) input/output
Feature Modelling & mappings
Selection .
Learning - Process
: Operating
Window
Knczvgﬁfge Optimisation
| mm—) Decision Support
= ’ ~ldentification of critical process
parameters

- To feed into modelling

- Human-Centric representation 18
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- Meltpool (CCD)

- Thermography
(pyrometer)

- Thermography (IR)

- Topography (CCD and g g structure & Functionality
Laser)

- Learning of
Systems — input/output
Feature . )
. Modelling & mappings
Selection :
Data Learning - Process
. Sync. v : Operating
Visual Window
Inspection
Knowledge L
Capture Optimisation
Acti . _ Decision Support
- Aclive ~ Q. - ldentification of critical process
Thermography

. arameters
- Laser Ultrasonic P

- To feed into modelling
- Human-Centric representation 19
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Valvelsrepalrlnq and Cladding process
Spectral (Illumination)
Meltpool (CCD)
Thermography (pyrometer)
Thermography (IR) SLS Structure & Functionality
Topography (CCD and - Learning of
Laser) Feature Systems =) input/output
Selection Modelling & mappings
Learning - Process
Data Operating
Dye Sync. Window
penetrant Knowledge Optimisation Feedback/Control
Capture s (laser power, speed)
- Active - Identification of critical process
Thermography parameters
- Laser

Ultrasonic(?)

- To feed into modelling
- Human-Centric representation

20
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T4.1: Definition of Self-Learning System inputs and outputs (USFD)
A Autonomous feature selection
I Both input and output space (multidimensional)
I Critical assessment of state of the art
I Design of experiments

I Identification and implementation of suitable algorithmic
procedure

A Parametric and non-parametric approaches

From raw process dataé¢ €t 0o usable 1 nf
process markers

Monitoring, NDT, Critical process information
Product Testing

21
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T4.2: Self-Learning System development (USFD)

A Data-driveninput-out put Omappingso bet we
NDT

I Self-learning model-based approach

| State of the art supervised clustering techniques 1 critical
assessment

A Real-time, supervised mode, numerical and non-numerical data
I Supervised learning (user-assisted) via expert knowledge
I Process Optimisation
I Benchmark data (and/or historical)

Critical process Process
information mappings

22



