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Initial development of an online
control system for laser welding

http://radiclelaser.eu/
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The RADICLE project aims to create a multi-sensor, real-time adaptive control
system for laser welding that can deliver zero defects.

The overall impacts of successful implementation of the RADICLE technology
through our consortium and the wider welding sectors will enable us to achieve the
following impacts:

30% reduced energy usage,

* 30% reduced emissions; ;- 71*

e Reduction of the need for part scrappage or rework; \‘—

* Saving up to 20% - 30% of labour input;

* Reduction or removal of the need for final NDE testing of the parts;
* Giving a 35% floor space reduction;

* Improved working environment.
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The RADICLE project aims to develop automated process control for
laser welding by:

The identification of the processing window.

The selection and integration of a sensor array to enable state-of-the-art
process monitoring.

The development of an adaptive process control system that is able to
analyse the sensor data and optimise the laser welding parameters.
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GE focus in the RADICLE project

Copyright 2018 General Electric Company. GE Proprietary Information and Confidential information. All Rights

Reserved.

Stationary turbine
parts (vanes)

GE targets within Radicle

Focus on turbine vanes

— demonstrate feasibility for joining
of inserts and cover plates

— explore laser welding as a cost-
efficient alternative to brazing

» Replace batch manufacturing with
lean processes enabling single
part flow and shorter cycle time

» Achieve zero defects in joining
dissimilar material combinations

* Optimize the weld quality using
novel multi-sensor process
monitoring system
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Fabricated structures by GKN

GP7000 TEC RR Trent XWB ICC
Nickelbase Superalloy Titanium Alloy

LS Industrial Needs

Proprietary and confidential restrictions on titie side apply throughout this presentation

PW1000 30k TEC
Nickelbase Superalloy
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Proprietary and confidential restrictions on title slide apply throughout this presentation

Preparing for Automation and 4.0 systems

Information generated in the process development phase to be used again

Go/No Go systems

Statistical Process Control
| MULTIVARIATE CONTROL CHART

Key process variables

Key features for quality {\/A\_A a i ?! ~ TR
Sensor data @ l B = e
Production data | v i |

=
Machine learning

10110 Rev. 23
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Laser Welding at CRF: from research to manufacturing point

Sy{tem for Laser Welding

(= Industrial Needs
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Real-Time Dynamic Control System for Laser Welding

Rolls-Royce Operates in many highly regulated
industries

Civil Aerospace Defence Aerospace Power Systems

Marine

~
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ﬁAE%FLE Industrial Needs

Product Integrity & Right First Time through increased
process understanding

» Process Knowledge derived from broader process signal
understanding offers routes to
* More stable process window development
= Extend range of application
* Weld more complex materials
= Eliminate process variation
* Reduce post weld inspection



Porosity.

11mm = Surface geometry.

Imm, 3mm, 8mm Butt Cracking.
Surface geometry.
Material ejection.

1.2mm - 1.2mm Overlap Cap underfill.
0.6mm — 10mm AEEE (partlal Cracking.
penetration)

CENSTIE LS 6mm Butt Cracking. Porosity.

No specific target application



RADICLE Analyses of sensor

Real-Time Dynamic Control System for Laser Welding O ptl o n s

Plasma detection Reflected Laser Power

Camera (Illuminated) Photodiode |
Inline-coherent imaging

WM (Precited
, gl

(www.plasmo.eu/site/en/) (www.laserdepth.com/) ﬁﬂﬂﬂrwiﬁwq .

(www.precitec.de/) (www.prometec.com/)
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LE control Loops
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Loop 1
Power/speed?
Filler?
l Material?
— >
Loop 1.5

Loop 2

Process region monitoring:
+ Temperature
* Plasmal/Particulate
+ Acoustics

Loop 2.5

\"\_

N

Loop 3

X-ray/
Ultrasonics
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LDD module

Robotmounting,
with side-to-side
tiltingforseam
findingftracking

Port(and cube)
forred light
process zone

imaging camer\
Seam finding/ v,y

tracking camera

(and cube, Fibre

connector

Motorised
focusing unj
(MFU) O

Collimating
module

Off-axis
green light
line diode

Coverslide and
drawer, with in-
built coverslide

monitoring

(CSM)
Coaxial Int |
green light n egr'at
spotfarea OIoSE &
diodes

C———__ Gas
shielding
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Example: Weld parameters vs weld quality
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ﬁAE%LE System Learning

Real-Time Dynamic Control%/]\System for Laser Welding

1 st - Define the stable parameters for the process:

« Based on customer specification for integrity and geometry;

« There may be multiple parameter regimes for stable processing.

2 "d — Map how defects manifest with changes in parameters.

Allowing the system to be:
« Independent of the application;

« Able to work with different materials.
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Real-Time Dynamic Control System for Laser Welding q n d I n II.e g rq II.I 0 n

a) Set of features that describe the welding process reliable
and with proper resolution;

b) Machine learning techniques to teach the system state
of the welding process and possible actions;

c) Action selection mechanism that uses the information
available according to the process parameters that can be
changed.



Real-Time Dynami

RADICLE off line Analysis

Spatter quality classes vs. diode KLD heatmap
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Combinig diode and video heatmaps it is possible to identify the process sweet

spots

« Using part of the data for algorithm training it is possible to improve the

accuracy

VTT - beyond the obvious

Tests at MTC with Inconel718 3.2 mm
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Real time feed back of weld
quality obtained

- Allows limits for
acceptable weld quality to
be set

- Capable of detecting
deviations from acceptable
limits to warn operator

Operator \ Field bus | Tool Settings | Appication Settings| Process Graphs
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Conclusions
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THE RADICLE PROJECT HAS CREATED:

A modular system allowing users to configure the system to their
specific applications:

- Photodiodes (off-axis and co-axial) - Seam tracking camera

- Co-axial process zone imaging camera - Keyhole depth monitoring sensor
- Microphone for acoustic emission analysis

Welding process windows for a number of ferrous and
non-ferrous materials and joint conﬁgurations. supported by
welding data from industrial case studies;

Welding data handling and analysis routines to extract valuable
information from the welding process monitoring sensors;

The development of the architecture for a multi-sensor
adaptive control system for laser welding including a
machine learning algorithm able to:

- interpret raw sensor data and associated welding quality parameters
- generate the process window heatmap from the sensor data




RALICLE Benefits
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THE RADICLE PROJECT
WILL HELP COMPANIES
ACROSS DIFFERENT
INDUSTRY SECTORS
PRODUCE LASER WELDED

COMPONENTS SMARTER, FASTN
AND TO HIGHER QUALITY, REDUCING

INSPECTION COST:
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