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BIAS ID 152628

DrillingPowderbed fusion

Thermal forming + 

Lasercleaning

Brazing + DED processes StructuringKeyhole welding

Intensity of the laser beam

2 mm

109 W/cm²103 W/cm²

1 mm 5 mm

500 µm 10 mm

5 µm

Laser material processing at BIAS
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Shockwave-based cleaning of insect 

residue using a CO2 laser
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Where do insect residues occur?

source: auto.de source: DLR
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Why do insect residues have to be removed?
• Due to insect residues …

       … area with laminar flow decreases

       … area with turbulent flow increases

source: Wicke et al. (https://doi.org/10.2514/1.C033237) source: Wicke et al. (http://dx.doi.org/10.2514/1.C033237) 

https://doi.org/10.2514/1.C033237
http://dx.doi.org/10.2514/1.C033237
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How to remove insect residues?
• Our scope

– Insect removal under the boundary condition that any influence on the surface must be avoided

• Cleaning technologies

– Conventional cleaning

– Laser cleaning

• Shockwave-based cleaning is very gentle

– A laser pulse generates a rapidly expanding plasma

– Which results in a plasma shock wave for the cleaning 

process

very gently?



8 bias.de| Experimental set-up

Laser beam

Shielding gas

Insect residues

High-speed camera

Metallic surface

Material

• Stainless steel 1.4544.9
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Insect residues on metallic surface – Initial condition
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Insect anatomy

• Exoskeleton

•Hemolymph

•Organs
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Insect residues on metallic surface – Characterization
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• Arithmetic mean height (Sa)

• Maximum peak height (Sp)

• Material peak volumen (Vmp)
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BIAS ID 240395Rathmann 2024

Laser cleaning of stainless steel 1.4544.9

1

3

2

Before cleaning After first cleaning After second cleaning Pulse energy

Pulse duration

Pulse frequency

Spot size

Laser system

5.6 J

100 ns

10 Hz

2 ×3 mm²

TEA-CO2 laser

2 mm
Low High
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Laser cleaning of stainless steel 1.4544.9
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14 bias.de| Surface topography and grain structure before and after cleaning

BIAS ID 240585Rathmann 2024
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• Insect residues are removed significantly in one cleaning cycle 

• Multi cycle cleaning can remove all residues 

• Is possible without any material removal for stainless steel 1.4544.9

• Is possible with no effect on the base material structure
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BIAS ID 152628

DrillingPowderbed fusion

Thermal forming + 

Lasercleaning

Brazing + DED processes StructuringKeyhole welding

Intensity of the laser beam

2 mm

109 W/cm²103 W/cm²

1 mm 5 mm

500 µm 10 mm

5 µm

Laser material processing at BIAS
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• Laser Melt Injection (LMI) is suitable for manufacturing 

highly wear-resistant metal matrix composites (MMC) 

• MMC can be used for …

… die casting pistons

… injection molds

… skin-pass rolls

… brake disks

• High-speed laser melt injection with up to 70 m/min

by increasing feeding gas volume rate

1 mm

50 m/min

Roll after laser ablation Sheet 



18 bias.de| Layer by layer temperature mapping for enhanced process control in 

laser powder bed fusion
• Porosity

• Crack formation

• Change in microstructure
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19 bias.de| Layer by layer temperature mapping for enhanced process control in 

laser powder bed fusion
• Porosity

• Crack formation

• Change in microstructure
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Möbus 2024

Laser welding with flexible ring mode laser 

RLA (%) 0 40 80

1 mm

High seam qaulity:

DIN EN 13919-1, class B

Welding speed up to 22 m/min
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BIAS ID 181559Stephen 2018

Laser drilling – Clean Sky 

Prototype system for large-area microperforation of flat 

sheets for the production of leading edges

Drill no. 6 Mio.

Diameter 50 µm

Deviation  <3 µm

Drill time 1.8 ms

Reduction of fuel consumption 

through HLFC technology 

laminar turbulent

laminar turbulent



22 bias.de| Laserablation, -polishing and -structuring

Ablation Polishing Structuring
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2 µm

LIPSS

20 µm

Spikes

t1 = 10 s

t2 = 46 s t3 = 108 s

t0 = 0 s

LIPSS

Spikes

cooking oil
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Anika Langebeck

Industrial Applications

Tel.: +49 421 218 58035

E-Mail: langebeck@bias.de

Your R&D Partner for Laser Applications 

and Optical Metrology in Germany

BIAS – Bremer Institut für 

angewandte Strahltechnik GmbH

Klagenfurter Strasse 5

D-28359 Bremen

https://www.bias.de/en-gb 

http://www.bias.de/
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