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Comparison with the main conventional cutting techniques
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Laser cutting process
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Introduction
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Sample Sample Cutting head

Robotic arm
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Introduction
Laser beam residual power
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Most challenging configuration
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𝑉

Residual laser beam
Characterization
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Level Level description

0 No visible impact

1 Thermal marking

2 Melting

3 Hole formed

4 Very deep hole formed

5 Through drilling
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ρ = 1,5
Cut thickness = 40 mm
Background thickness = 10 mm
Distance to the background = 500 mm

Laser power = 12 kW
Cut thickness = 60 mm
Background thickness = 10 mm
Distance to background = 500 mm

Residual laser beam
Impact assessment
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Residual laser beam
Ordinal impact evaluation

Level Level description

0 No visible impact

1 Thermal marking

2 Melting

3 Hole formed

4 Very deep hole formed

5 Through drilling
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CONTEXT
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Particle aerodynamic diameter (nm)

Deposited fraction (%)

➔

Airborne aerosols size < 10 µm

Source :©INRS -Jean-André Deledda/3zigs



LASER CUTTING TRIALS CONDITIONS

o









P3

P2

P1
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TEST GRID FOR UNDERWATER LASER CUTTING TRIALS
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Example of results for underwater trial - LD_W_5_316_Air
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Failed trial
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TEST GRID FOR GAS ATMOSPHERE LASER CUTTING TRIALS

Certain cutting conditions kept constant for all trials to study the influence 
of stainless-steel grade, the choice of the assist gas used, and the 
presence/absence of humidity.



Underwater (1 meter) 

Underwater versus in gas atmosphere laser cutting – Air assist gas (Steel 304L) 

Gas atmosphere (Dry condition) 

Standard deviation σGSD reduced by pool scrubbing



Underwater (1 meter) 

Good repeatabilty

Underwater versus in gas atmosphere laser cutting – Air assist gas (Steel 304L) 

Gas atmosphere (Dry condition) 



Gas atmosphere (Dry & Humid conditions) 

Strong effect of N2 on particles mass concentrations emitted for stainless steel 316
Weak impact of humidity gas atmosphere trials

Underwater versus in gas atmosphere laser cutting – Air/N2 assist gas (Steel 304L) 

N2<<AIR N2<<AIR

Underwater (1 meter) 



Underwater (1 meter) 

N2<<AIR

Strong effect of N2 on particles mass concentrations emitted for stainless steels 316 & 304L

N2<<AIR

Stainless 316

Stainless 304L

Stainless 316

Stainless 304L

Underwater versus in gas atmosphere laser cutting – Air/N2 assist gases (304L & 316) 

Gas atmosphere (Dry & Humid conditions) 

N2<<AIR N2<<AIR



Underwater Gas atmosphere

Gathered data for underwater and gas atmosphere laser cutting



Underwater Gas atmosphere

Gathered data for underwater and gas atmosphere laser cutting

Pool scrubbing at 1 m depth reduces by a factor ~ 2 to 3 the mass generation of particles



Underwater 

Weak influence of Stainless-steel grade on 
aerosol size & mass concentration 

Gathered data for underwater and gas atmosphere laser cutting

Gas atmosphere

Stainless-steel 304L yield higher aerosol size & 
mass concentration compared to stainless-steel 316 

Pool scrubbing at 1 m depth reduces by a factor ~ 2 to 3 the mass generation of particles



Underwater 

Gathered data for underwater and gas atmosphere laser cutting

N2 assist gas reduces aerosol size to ~130nm 
compared to ~250 nm for air assist gas

& reduces mass concentration by a factor >5 

N2 assist gas reduces aerosol size to ~100nm 
compared to ~200 nm for air assist gas

& reduces mass concentration by a factor > 10

>>

Pool scrubbing at 1 m depth reduces by a factor ~ 2 to 3 the mass generation of particles

Weak influence of Stainless-steel grade on 
aerosol size & mass concentration 

Stainless-steel 304L yield higher aerosol size & 
mass concentration compared to stainless-steel 316 

Gas atmosphere

Underwater Gas atmosphere



Chemical composition (CEA Marcoule)

HEPA filter

Aluminium plates (DLPI)

Water samples



Chemical composition of aerosols collected by HEPA filter for 
underwater trials 

1- Dissolution of the deposits on the filters by 2 methods : heating plate and µwave reactor

▪ Reproductible results (repeatability trials & dissolution 
methods)

▪ Main element: Fe & Cr

▪ N2 instead of air :Increase in Mn content
& decrease Mo content

▪ Cutting of 316 steels : more Mo than the cutting of 
304L 

▪ Cobalt is between 60 to 500 µg/g of collected particles

Concentration / particle mass collected on HEPA filter
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Chemical composition of aerosols collected by HEPA filter for gas 
atmosphere trials 

▪ N2 instead of air : decrease in Cr content but increases 
in Mn contents

▪ 316 steels compared to 304L: higher Mo content

▪ Cobalt is between 250 to 1600 µg/g of collected particles

▪ Reproductible results (repeatability trials)
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Chemical composition of aerosols collected by impactor plates from G1 for 
underwater and gas atmosphere trials 

Mineralization of Aluminium plates
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Conclusion

➢ Characterization of aerosols emitted in the DELIA facility during laser cutting of two stainless steel
grades (304L and 316)

Cutting conditions :
- Underwater or in a gas atmosphere (under dry or humid conditions);
- Air or nitrogen assist gases

Analysis of aerosol physical properties :

- The generated airborne particles are submicronic underwater and in gas atmosphere
- A slight increase of particle size for trials underwater compared to those in a gas atmosphere
- A reduction of particle size and particle mass concentration using nitrogen as an assist gas instead of air

Nitrogen as an assist gas presents a compelling interest due to its emission characteristics in terms of 

particle mass and number

Analysis of particles chemical composition : variation in elements concentrations depending on the
cutting conditions

The overall data collected can be used to assess the safety of laser cutting



H2 gas generation during laser 
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H2 risk and laser underwater cutting 

°
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H2 gas generation during laser 
underwater cutting task
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Main activities of the task 

Saclay

Marcoule

Cadarache

H2 gas generation during laser underwater cutting – End Technical Workshop LD-SAFE - Mai 30, 2024



DELIA FACILITY

H2 gas generation during laser underwater cutting – End Technical Workshop LD-SAFE - Mai 30, 2024
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Laser underwater cutting tests
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Front side Lateral side Rear side

8 kW

Front side 
80 thickness Lateral side

80 mm thickness

Rear side 
100 mm thickness

100 mm 80 mm

Front side 
100 thickness 

Front side 
80 thickness 

Lateral side
100 mm thickness

80 mm 100 mm

• 60 mm

• 70 mm 

• 80 mm

• 100 mm

16 kW

Laser underwater cutting tests
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Laser underwater cutting tests

H2 gas generation during laser underwater cutting – End Technical Workshop LD-SAFE - Mai 30, 2024



H2 tests results 
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Physicochemical analyses
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H2 Parametric laws
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Cutting process thermal modelling

40
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•
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Computed thermal maps
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v= 10 cm/min
v= 5 cm/min v= 2.5 cm/min



Calculation of H2 release: Results

v = 5 cm/min
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Key findings for H2 generation
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CONTENT

1. Overview of the technology qualification process (TQ process)

2. Technology appraisal

3. LD-SAFE technology goals

4. Technology qualification and certification

5. Development of guidelines

6. Guideline objectives and contents

Qualification of laser cutting 
technology and guidelines 



Overview of the TQ process
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Technology appraisal
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LD-SAFE System Decomposition (simplified)



LD-SAFE technology goals

Key area Technology goal



Technology qualification 
and certification
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Development of guidelines
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Guideline objectives and 
contents
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SAFETY ASSESSMENT
Objectives and Methodology
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SAFETY ASSESSMENT
Relevant Activities
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ISO 16647:2018



SAFETY ASSESSMENT
Risk Matrixes



SAFETY ASSESSMENT
Independent Review
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SAFETY ASSESSMENT
Independent Review: an iterative process
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SAFETY ASSESSMENT
Independent Review: outputs
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SAFETY ASSESSMENT
Independent Review: outputs

7 recommendations have been made to help End Users with the licensing process:



SAFETY ASSESSMENT
Conclusions
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Available at 
www.ldsafe.eu

http://www.ldsafe.eu/
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End Users’ expectations for laser
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Laser cutting technology goals
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Development of the laser system
Reference environment
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Development of the laser system
Architecture
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Development of the laser system
Key features of the subparts
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Development of the laser system
Key features of the subparts
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Development of the laser system
Key features of the subparts
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Development of the laser system
Supply chain
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Demonstrators
For safety representativeness

•

•

•
•

Laser safety
expert for 

LD-SAFE

2x HEPA filters

Impact 
plate

Graphite wall



Demonstrators
In-situ laser cutting scenario
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Demonstrators
Mock-ups
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Demonstrators
Mock-ups



Demonstrators
Mock-ups



➔

Demonstrators
Mock-ups
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Demonstrators
PWR reactor – Main challenges
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Demonstrators
BWR reactor – Main challenges



Demonstrators
In-air demonstrator’s configuration – HERA facility



Demonstrators
Underwater demonstrator’s configuration



Demonstrators
Underwater demonstrator’s configuration



•
▪

▪

▪

▪

•
▪

▪

•
▪

▪

▪

Demonstrators
Main tests
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Results
Qualification tests
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Results
Performance tests
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Results
Mock-ups tests
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Results
Laser beam residual power

Underwater



Results
Secondary waste
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Results
Aerosols generation
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Results
Feedback



Results
Cost & time
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