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control system for laser welding
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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;

• 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.

Project
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Industrial Needs
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Industrial Needs
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Application Material Thickness Configuration Key issues

1 3mm, 6mm, 

11mm
Butt

Porosity.

Surface geometry.

1mm, 3mm, 8mm Butt
Cracking.

Surface geometry.

1.2mm – 1.2mm Overlap
Material ejection.

Cap underfill.

3

0.6mm – 10mm
Overlap (partial 

penetration)
Cracking.

Generic material:

No specific target application
6mm Butt Cracking. Porosity.

INCONEL
Ti

Steel
S355
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Analyses of sensor 
options
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Photodiode

Inline-coherent imaging

Camera (Illuminated)

Plasma detection

Laser Power

Reflected Laser Power

Plasmo PromotecLWM (Precitec)LLD

(www.prometec.com/)(www.precitec.de/)

(www.laserdepth.com/)(www.plasmo.eu/site/en/)
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Control Loops
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System development
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Process windows
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Example: Weld parameters vs weld quality

Pass

Fail
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Data filtering and 
Sensor selection
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Raw 

MSSA filter 
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System Learning
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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 nd – Map how defects manifest with changes in parameters.

Allowing the system to be:

• Independent of the application;

• Able to work with different materials.



Algorithm: Development
and integration
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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.
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Off line Analysis 
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Permanova Software

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

Change in weld quality 
detected by sensor



Conclusions
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Benefits
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