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• Laser technology is already well established in manufacturing
• Materials processing with lasers covers many techniques

• Cutting and drilling
• Welding and brazing
• Marking and engraving
• Surface treatment
• Laser additive manufacturing

Materials processing with lasers

• The next generation of lasers offers 
key manufacturing technology for the 
“Factory of the Future”
• Faster, cheaper, better processes!

• HALO will improve
• Efficiency, adaptability and 

sustainability of manufacturing 
systems 

• Integration into business processes.
Images courtesy of Trumpf Laser GmbH and Fraunhofer ILT
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Technology advances

Images courtesy of Fraunhofer ILT

• The next generation of materials 
processing lasers will have adaptable 
beams to optimise efficiency

• HALO investigations include:
• Adaptable beam profiles

- Gaussian
- Top hat
- Ring modes
- Polarisation distribution

• Modelling of laser cutting processes
- Beam & pulse propagation
- Absorption
- Phase transition and material removal

• Novel cutting processes
- Brittle materials cutting
- Advanced sheet metal cutting
- Liquid jet cutting.
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• Beam shape has a large influence on cutting efficiency and quality
• Optimum shape and polarisation depends on precise process details

• Dozens of variables
• Highly sensitive optimisation
• Non-linear; non-intuitive!

• HALO topics include:
• Identify ideal beam parameters for real processes through meta-models
• Novel adaptable laser designs to optimise beam shape
• New components to realise optimium beams

Adaptable beams

Images courtesy of Fraunhofer ILT
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Project overview

Process analysis & 
characterisation

Glass 
cutting

Metal
cutting

Liquid-jet 
cutting

Simulation
Improved
processes

Meta-modelling 
and user 
interface

Benchmarking

Novel laser 
design concepts

New component 
technology

Project management 
& dissemination

Adaptable 
beam 

technology
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Project info

• HALO is funded under the European Commission’s Seventh 
Framework Programme

• Programme acronym FP7-ICT 
• http://cordis.europa.eu/fp7/ict/home_en.html

• Area: Smart Factories
• Energy-aware, agile manufacturing and customisation (FoF-ICT-2011.7.1)

• Project Reference 314410

• Project cost 5.71 M€
• Project funding 3.86 M€

• Start date 01-Sep-2012
• End date 30-Apr-2016
• Duration 44 months.
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Meta-modelling

• Mathematical model of complex multi-dimension relationships 
• “Pure“ mathematical functions 
• Often without any physical meaning

• Links many parameters and criteria quickly and efficiently
• Fast visual exploration
• Multi-criterion optimisation
• Sensitivity analysis
• Machine integration/ control/ set-up
• Direct comparison with experimental data

30%

Seedpoint

� Parameters = Model Input

� Explorable quantitative 8-dimensional Cutting Process Map

� Design Tool Metamodel � Solution in Design Space.

Images 
courtesy of 

Fraunhofer ILT
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Novel passive components

• Optical isolators
• Novel designs to permit the unusual 

beam polarisations used in HALO

• Comprehensive modelling to 
understand thermal and optical effects 
resulting from novel beam shapes

• Materials for high power operation

• Fused fibre devices
• Novel hollow core fibre tapers to 

provide ring-shaped pump beam for 
selecting desired LG mode

• Customised MM pump combiners 
for high power thulium pump 
sources

Images courtesy of Gooch and Housego (Torquay) Ltd.
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• Acousto-optic devices
• Low insertion loss 
• Good power handling

• Fast & controllable beam deflectors
• RF signal applied to crystal
• Induces temporary diffraction grating
• Rapidly switches beam between 0th and 1st order

• Applications
• Q-switching 
• Pulse picking 
• Frequency shifting 

• HALO objectives
• Fibre-coupled polarisation insensitive AO Q-switches 
• First of their kind polarisation selecting and control AO devices 
• LG “doughnut modes” preserved in free-space devices

Novel acousto-optic components

Images courtesy of Gooch 
and Housego Ltd.
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• Holmium-doped hybrid (fibre laser-pumped) solid-state laser 
• Generation of high average power laser output at 2 µm 
• Adaptable output beam profile (high order doughnut-shaped modes)

• Novel technique for direct generation of required beam profile 
• Spatially-distributed gain profile directly matched to high-order Laguerre 

Gaussian mode in resonator 
• Architecture compatible with high power operation 

- Continuous-wave (CW) 
- High peak power pulsed modes.

WP2 Two-micron hybrid laser development2 µm hybrid doughnut laser

Images courtesy of ORC, University of Southampton

Pump
Laser

Taper

Capillary fibre

Near-field pump profile Doughnut mode near-
and far-field profile

Pump imaging optics

Pump input mirror

Gain crystal
Output coupler

Spatially match 
intensity profiles 
in crystal

Multimode fibre
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• Currently CO2 lasers (� ~10 µm) offer state-of-the-art edge quality
• E.g. 12 mm stainless steel

Demo-Sheet metal cutting

• In principle solid state lasers (� ~1 µm) offer a much more efficient process
• 2× higher absorption

• HALO objectives
• Improve cutting with solid state lasers
• Increase cutting quality and productivity
• Use of extra-cavity beam converters
• Quality criteria

- Roughness of edges
- Dross length

Solid state laser, 5 kWCO2 laser, 6 kW

Images courtesy of Trumpf Laser GmbH
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• HALO investigated the cutting of brittle materials 
using ultra-short pulsed lasers
• Glass
• Ceramics 
• Sapphire 

• Effect of spatial and temporal beam shaping 
• Understanding laser-material interactions

• Absorption and ablation mechanics 
• Thermal behaviour 

• HALO objectives
• Reduce material damage 

- Roughness, micro-cracks and chipping
- Improved bending strength 

• Increase process efficiency, quality and throughput
- Ablation rate and cutting speed 
- Edge sharpness and kerf width

Demo-Brittle materials cutting

Images courtesy of Trumpf Laser GmbH
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Laser micro-jet cutting
• Utilizing total internal 

reflection, Laser MicroJet®

creates a laser beam that is 
completely reflected at the air-
water interface

• The laser beam is entirely 
contained within the water jet, 
similar in principle to an 
optical fibre

• This allows improved cutting 
with reduced heat damage, 
contamination and 
deformation

• HALO objective
• To find a LMJ process for 

cutting sapphire

Demo-Water jet cutting

Images courtesy of Synova SA
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• Experimental benchmarking evaluation
• Comprehensive measurement of the state-of-the-art in progress
• High speed videography

• Surface roughness measurement method
• Past: measurements in straight lines
• HALO advance: optical surface roughness colour-coded surface map 

• Provided input data for meta-model

Page 14

HALO progress: Benchmarking
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HALO progress: Cutting process analysis

• Some typical features of melt film 
dynamics (e.g. onset of waves) have 
been very well reproduced with the 2D-
simulation tool QuCut

• Even some quantitative measures seem 
to be within acceptable ranges

• Minor deviations in scale of focal 
position due to 
• Model reduction
• Beam diagnostics uncertainties

• High-speed video can be used to make 
streak analysis

• Viewing the video through a vertical slit 

at the front vertex (t � x-axis)
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HALO progress: Meta-modelling

Page 16
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HALO progress: 
IT-tool for laser cutting optimisation

Step 1: Initial Data (seed 
points) – HALO database 

with experimental and 
meta-model results

Step 3: Interpretation of 
the optimisation results –
in this case roughness 

variation across part of the 
parameter space. 

Step 2: Stepwise 
optimisation by altering 
parameters (i.e. laser 

beam properties) to obtain 
desired laser cutting 

properties

Page 17
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HALO progress: Components

• Fibre pump beam shapers for doughnut beams 

• Optical isolators for Laguerre-Gaussian beams
• First demo with radially & azimuthally polarised LG01 beams

• Fused fibre components for adaptable beam lasers
• Pump combiners 

• Ultra-flat 3 dB couplers for Tm amplifiers

• AO deflectors for dynamic beam shaping
• Fibre-coupled polarisation insensitive AO Q-switches 

• First of their kind polarisation selecting devices 

• LG “doughnut modes” preserved in free-space devices

• Segmented waveplate for tailored polarisation

G&H beam shaper (above) and 
output (below)

Page 18
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WP2 Two-micron hybrid laser developmentHALO progress: 2 µm hybrid laser architecture 
-Tm fibre laser pump

793 nm
200 W
Diode

Capillary fibre

600 l/mm grating
blazed at 1.9 µm
In Littrow

Gold-coated off-
axis parabolic

Double-clad thulium-
doped fibre

HT 793 nm
HR 1907 nm

• Tuneable Tm fibre laser: 1895-1990 nm

• Tuned to 1907 nm with 0.4 nm linewidth

• 38% slope efficiency

• 50 W operational power

• Coupled into capillary fibre for beam-shaping

• 40 W available ex-capillary

Pump profile 
to bulk laser
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WP2 Two-micron hybrid laser developmentHALO progress: 2 µm hybrid laser architecture
-Bulk doughnut laser

Ho:YAG

HT 1907 nm
HR 2090 nmOutput 

coupler

• 20 W output in doughnut modes, up to LG04, selectable by cavity 
mode matching to pump size

• 78% slope efficiency due to low quantum defect
• No roll-over due to thermal lens – power scalable
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HALO progress: Sheet metal cutting

• Adapted polarisation concept
• Aim: Beam polarisation always 

perpendicular to cutting surface for 
maximal degree of absorption

• HALO developed optical hardware to 
implement this approach
• Design 1: Radial polarisation

• Design 2: Striped polarisation

• Cutting experiments successful
• Results to be reported at AKL 

- (Aachen 29-Apr-2016)

Segmented waveplate from G&H.
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• Improved glass cutting speed and quality

• Better understanding of the influence of beam shape and pulse duration

• Prevent rear side damage by using shorter pulse durations

• Varying pulse duration in ps-domain had clear effect on the ablation 
threshold 

• Confirmed that rear side damage can be prevented by using shorter pulse 
durations

Page 22

Image courtesy of Trumpf Laser GmbH

Polarisation contrast image of cross 
section of cutting kerf 

HALO progress: Brittle material cutting
-Pulse duration
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• Reduce the taper angle and enhance the cutting speed 
whilst maintaining high quality with multi-spot beams

• Spatial beam shape affects ablation geometry and damage

• Various beam shaping elements were used for multi-spot 
generation 

• Higher ablation rates and reduced damage
For more details see: SPIE Photonics West 2016; “Ultrafast laser ablation of 
transparent materials,” Paper 9735-32

Page 23

Images courtesy of Trumpf Laser GmbH

Intensity distribution of a seven spot 
multi-spot beam

HALO progress: Brittle material cutting
-Multi-spot beams

Cross section - sample processed with seven spots 
hexagonal spot arrangement Energy specific volume: comparison of seven spot hexagonal arrangement and single spot
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HALO progress: Liquid jet cutting

• Liquid-jet cutting of sapphire demonstrated for the first time
• Green high power laser

• Process variables guided by meta-modelling
• Previously unidentified parameter space revealed
• Good results: groove free of chipping 

Page 24
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• New laser designs for active 
beam adaptation

• Sheet metal cutting with tailored 
polarisations (TBA AKL 2016)

• Reduced rear-side damage and 
higher glass ablation rates 

• Sapphire cutting for the first time 
using LJC

HALO summary
• Benchmarking of existing sheet metal cutting 

and HALO advances
• Meta-modelling used to define optimal 

processes in metal, glass and LJC
• New components for adapted beam generation

• Fused fibre devices and isolators for LG01 beams
• Segmented waveplates for tailored polarisation
• AO modulators for dynamic beam shaping

Images courtesy of Trumpf Laser GmbH
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Thanks for your attention!

For further information, please contact:

tlegg@goochandhousego.com Technical  

bruce@vividcomponents.co.uk Admin & HIG

Further information


