
THE PUBLICATION FOR INTEGRATORS 
AND USERS OF LASER SYSTEMS

www.lasersystemseurope.com Supported by

INSIDE
Automotive

Electronics

Artificial  
Intelligence

LASER 
SYSTEMS
        EUROPE

ISSUE 53 WINTER 2021

Superior 
seams 
Welding 

innovations 
boost 

multiple 
sectors



ULO +LBP Optics

LBP+ ULO Optics

LBP+ 
ULO Optics

Working together to create 
integrated optical solutions

Working together to create 
integrated optical solutions

Working together to create integrated optical solutions

Working together to create integrated optical solutions

ULO +
LBP Optics

Tough and Durable Gold 
Coated Copper Mirrors

For further information call:

+44 (0)1767 600877
sales@lbpoptics.com
www.lbp.co.uk

Ideal for many infrared applications 1-300 microns 
wavelength - high power laser cutting, dental 
and medical lasers, gas sensing, THz imaging.

 Unique range of standard and bespoke sizes

 Manufactured in the UK

 Unrivalled ultra smooth surface � nish

 Excellent, consistent re� ectivity in 
 infrared and visible

See us at:
Photonics West
22-27 January 2022

Booth #5019

https://www.lbp.co.uk/
mailto:sales@lbpoptics.com


WINTER 2021  LASER SYSTEMS EUROPE   3WWW.LASERSYSTEMSEUROPE.COM  |  @LASERSYSTEMSMAG

Subscriptions: Free registrations available to qualifying individuals. Subscriptions 
£120 per year for four issues to readers outside registration requirements. 
Enquiries to Europa Science, 4 Signet Court, Cambridge CB5 8LA, UK.  
Tel: +44 (0)1223 221030. Fax: +44 (0)1223 213385.  
©2021 Europa Science Ltd. 
While every care has been taken in the compilation of this magazine, errors or 
omissions are not the responsibility of the publishers or of the editorial staff. 
Opinions expressed are not necessarily those of the publishers or editorial staff. 
All rights reserved. Unless specifically stated, goods or services mentioned are not 
formally endorsed by Europa Science Ltd, which does not guarantee or endorse or 
accept any liability for any goods and/or services featured in this publication. US 
copies: Laser Systems Europe is published by Europa Science Ltd and distributed 
in the US by DSW, 75 Aberdeen Road, Emigsville PA 17318-0437. Periodicals 
postage paid at Emigsville PA. 
Postmaster: Send US address changes to Laser Systems Europe, PO Box 437, 
Emigsville PA 17318-0437.  

Cover: solarseven/Shutterstock.com
 

Editorial and administrative team  
Editor: Matthew Dale 
matthew.dale@europascience.com  Tel: +44 (0)1223 221047 
Managing editor: Greg Blackman 
greg.blackman@europascience.com  Tel: +44 (0)1223 221042
Advertising team  
Advertising manager: Jon Hunt 
jon.hunt@europascience.com  Tel: +44 (0)1223 221049 
Production manager: David Houghton 
production@europascience.com Tel: +44 (0)1223 221034 
Corporate team 
Managing director: Warren Clark 
warren.clark@europascience.com
Laser Systems Europe is published by Europa Science Ltd,  
4 Signet Court, Cambridge, CB5 8LA, UK.  
Tel: +44 (0)1223 221030  Fax: +44 (0)1223 213385   
Web: www.europascience.com l ISSN: 1759-0752

News  4
IPG founding firm developing technology 
for pipe manufacturing l 3D printing copper 
components for particle accelerators 
l Laser cleaning developed for nuclear 
decommissioning l Laser solution kills weeds 
in agriculture l Aluminium alloy additively 
manufactured for aerospace and automotive

Analysis: Artificial intelligence  8
At ICALEO 2021 Matthew Dale learned of the 
numerous ways that AI can optimise laser-
based manufacturing

Analysis: Welding  12
Mikhail Sokolov, Pasquale Franciosa, and 
Dariusz Ceglarek describe how new laser 
technologies can overcome dissimilar material 
welding challenges

Feature: Automotive  14
David Stuart on new laser technology that 
could help make hydrogen-powered vehicles 
commercially viable

Analysis: Beam shaping  17
Gwenn Pallier, Jannik Lind and Jorge Luis 
Arias Otero provide an update on the results of 
the Custodian project 

Analysis: Composites  20 
Bernabé Cárcel, Samuel López, and Rocío Ruiz 
share how the Rectorans project is addressing 
ongoing challenges in the transport sector

Feature: Electronics  23
Productronica exhibitors share some of the 
latest trends in electronics manufacturing with 
Abigail Williams

Analysis: Plastics welding  26
Lea Sauerwein, Christian Ebenhöh and René 
Geiger describe the development of a new 
optimised polymer welding process 

Analysis: Safety  28
Matthew Dale asks experts whether handheld 
laser welding poses any risks to the user

News from AILU  32
Dave Maclellan shares the topics covered at a 
recent digital manufacturing workshop

Products  33
The latest equipment for industrial laser 
processing

LIA News  36
Jana Langhans explores how laser cutting can 
be used by creative individuals to start their own 
business venture

Application focus  39 
Microprocessing 
Fast and energy-efficient laser writing could 
help solve ongoing data storage challenges

Suppliers’ directory  42
Find the suppliers you need

Laser materials processing, like many 
fields of technology, continues to 
evolve.

Within the folds of this issue we 
explore numerous examples of this 
evolution, from new approaches to 
beam shaping and welding, to the use 
of artificial intelligence (AI) to achieve 
automated, closed-loop processing.

On page 17 for example, the 
partners of the Custodian project have 
developed both a methodology and 
technology for producing customised 
beam shapes, designed to eliminate 
defects in high-power laser processes 
such as cutting, welding and additive 
manufacturing. 

Meanwhile on page 27, we learn how 
a new process known as advanced 
quasi-simultaneous welding has been 
developed to enable faster, more 
efficient plastic joining with improved 
weld seam strength and quality.

Dissimilar metal welding continues to 
develop further on page 12, where we 
hear how combining a dual-laser beam 
with high-frequency beam oscillation 
techniques can be used to achieve 
porosity reduction when joining different 
types of aluminium. Such a technique 
could be important in significantly 
reducing the structure weight of 
vehicles, which is vital should the 
transportation sector wish to achieve 
further reduction in carbon emissions.

Lastly, the continuing use of AI to 
optimise laser processing was once 
again brought to the foreground at this 
year’s ICALEO conference. On page 8 
we learn how AI is not only being used to 
automate sensor parameterisation – a 
task usually requiring expert knowledge 
– but is also unlocking the ‘dream’ of 
closed-loop materials processing. This 
could be the key to creating networks 
of self-optimising laser machines on 
the factory floor, which opens the door 
to improving businesses using digital 
shadows and big data.Subscribe online for FREE at  

www.lasersystemseurope.com/subscribe

Matthew 
Dale, 
editor
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LASERS 
IN ACTION

IPG founding firm partners-up to develop 
technology for pipe manufacturing
TMK, a global manufacturer 
of tubular products for the 
oil and gas industry, and 
IRE-Polus, the founder and 
a core asset of fibre laser 
manufacturer IPG Photonics, 
have agreed to jointly develop 
laser technology for pipe 
manufacturing at TMK’s sites.

The firms will improve the 
efficiency of manufacturing 
processes for tubular products 
and parts through laser 
technology, as well as to 
explore new applications for 
these technologies.

The parties intend to 
implement a number 
of projects across a 
range of areas by 2023, 
including: new high-tech 
products with improved 
performance; improvements 
to manufacturing and repair 
technology; R&D-intensive 
solutions; and equipment 
upgrades.

In particular, the partners 
plan to use laser welding 
solutions for tubular products 
and parts to design a ‘next-
generation pipeline’ model 
of high-strength steel. 
The programme also aims 
to harness laser welding 
technology for casing and 
stainless steel pipes.

Another collaboration 
will include the use of laser 
cladding and hardening to 
restore the operability of 
tools, parts and accessories 
used in pipe manufacturing. 
The technology will extend 
equipment service life and 

improve product performance, 
such as resistance to corrosion, 
high temperatures, impact, and 
abrasion. 

The two companies will 
also look into using manual 
laser welding for repairing 
pipe weld seams and body 
and for upgrading the existing 
laboratory laser installations at 
TMK facilities to create a new 
laser technology platform.

Sergey Chikalov, first deputy 
CEO for operations and 
development at TMK, said: ‘TMK 
is constantly improving its R&D 
capabilities and continuously 
driving innovation across its 
operations. Laser technology is 

Dr Valentin Gapontsev has 
passed away, aged 82. He 
founded IRE-Polyus, IPG 
Photonics’ predecessor, 
in 1990. He has been 
IPG’s chairman since the 
company’s founding and 
was its CEO until April 2021. 

General Electric (GE) is 
investing £2.5m in the UK 
over the next five years 
to increase the diversity 
of young people entering 
engineering, as part of its 
global ‘Next Engineers’ 
programme.

AM specialist 3D 
Metalforge has partnered 
with oil firm Par Pacific 
to identify parts that can 
be produced via AM and 
introduced at its refineries, 
which produce 154,000 
barrels per day.

A laser writing method 
has been developed at the 
Optoelectronics Research 
Centre that could enable 
CD-sized silca discs to 
hold 500 terabytes of data 
– 10,000 times denser than 
Blu-Ray (more on page 40).

Femtosecond laser 
manufacturer Fluence has 
opened its Ultrafast Laser 
Application Laboratory 
in Wrocław, Poland. It 
will offer users hands-on 
technical experience in 
solving micromachining 
challenges in cutting, 
microdrilling, marking, 
structuring, welding and 
scribing.

Optics manufacturer 
Zeiss and AM firm EOS are 
partnering to integrate 
Zeiss’ AM In-process 
Monitoring solution to one 
of EOS’ direct metal laser 
melting printers.

IN BRIEF 

currently cutting edge, and we 
are the leader among pipe and 
steel companies in adopting this 
technology: our Chelyabinsk 
Pipe Plant was the world’s first 
manufacturer to develop and 
operationalise laser welding of 
longitudinal seams in large-
diameter pipe. The cooperation 
programme signed with IRE-
Polus...will boost TMK’s efforts 
in this area to bring a new level 
of technology. The programme 
will unlock even broader 
opportunities for TMK to apply 
these technology solutions 
across its operations.’

Nikolay Evtikhiev, CEO of 
IRE-Polus, added: ‘Rolling out 
our fibre lasers and driving 
innovative new use cases 
for this technology in real 
industrial settings to maximise 
manufacturing efficiency is 
IPG’s priority. By partnering with 
TMK, we will achieve impactful 
and tangible results and once 
again demonstrate that our 
technology solutions can make 
all the difference.’

“The cooperation 
programme signed 
with IRE-Polus...
will boost TMK’s 
efforts in this area to 
bring a new level of 
technology.”

The laser technology will be used to produce tubular products for the oil and gas 
industry
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The Laser Zentrum Hannover 
(LZH) and its partners are 
developing a laser-based 
approach to killing weeds in 
sugarbeet cultivation.

To create good growth 
opportunities for sugarbeet 
plants, farmers need to remove 
weeds near the crops as they 
compete for water, nutrients, 
and sunlight.

Whether conventional or 
organic farming is used, there 
is a need to further develop 
agricultural technology 
solutions for effective and cost-
efficient weed management in 
sugarbeet cultivation.

Hence the ongoing 
development of a new solution 
by LZH and the other partners 
of the ‘LUM’ project: ‘Photonic 
weed control in sugar beet 
cultivation – laser-based weed 
management’.

The project pursues a 
laser-based approach as an 
alternative. In combination with 
hoeing machines, this should 
enable full-area, chemical-
free weed control in the field 
in the future. The partners 
will research and develop an 
efficient and powerful system 
combination to enable the 
largest possible area to be 
cultivated, even when time 
windows are small due to 
weather conditions.

This will include image 
capture and intelligent data 
processing that can precisely 
distinguish and locate sugarbeet 
plants from weeds in real-time. 
This data is used to precisely 
control lasers as well as hoeing 
tools. The combination brings 
together the advantages of both 
methods. First, the laser is used 
to kill weeds that have already 
emerged near the sugarbeet. 
Then, with sufficient distance 
to the crop, the remaining field 
area is freed from weeds by 
mechanical control measures, 
or growing weeds that have not 
yet emerged are literally nipped 
in the bud.

With this new approach, 
the partners from research 
and application aim to create 

environmentally friendly, 
chemical-free, sustainable, 
precise, intelligent, and 
automated weed control in 
sugarbeet cultivation.

The LUM project is funded 

by the German Federal 
Ministry of Education and 
Research. In addition to LZH, 
the project involves Kress 
Umweltschonende Landtechnik, 
Escarda Technologies, 

Novanta Europe, Lumics and 
Dachverband Norddeutscher 
Zuckerrübenanbauer. 
Associated partners are 
Nordzucker, and Grimme 
Landmaschinenfabrik.

Laser solution to kill weeds in sugarbeet cultivation

Learn more at 
coherent.com/systems
+1 800 367 7890
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Researchers 3D print copper components 
for compact particle accelerators
Researchers have additively 
manufactured components for 
a new generation of compact 
particle accelerators from pure 
copper.

The accelerators are being 
developed to improve cancer 
therapy, drug detection and 
material analysis.

Their compact size makes 
them more affordable and 
practical for deployment at 
locations such as smaller 
hospitals, airports and 
laboratories.

The work has been done 
as part of the Horizon 2020 
project I.FAST, by Fraunhofer 
IWS together with the CERN, 
Riga Technology University and 
Politecnico di Milano.

The project is opening 
up new prospects for the 
commercial production and 
practical use of compact linear 
accelerators, which operate on 
the principle of high-frequency 
radio frequency quadrupoles. 
Unlike their usually huge 
underground brothers, called 
ring accelerators, these linear 
accelerators often take up little 
more space than a living room.

The quadrupoles, based on 
a new technology developed 
at CERN, are the key 
components and pacemakers 
for the accelerators. They 
comprise four alternately poled 
electrodes facing each other, 
arranged like petals around 
a central particle trajectory. 
Through the application of an 
alternating voltage, rapidly 

Samira Gruber, an expert in 
additive manufacturing of pure 
copper and copper alloys at 
Fraunhofer IWS. This could 
enable rapid prototyping to 
become a driver for the future 
development of accelerator 
technology.

The researchers are now 
looking at potential post-
processing techniques to 
complete the additively 
manufactured quadrupoles. 
This is because the built parts 
have rough surface topologies, 
meaning they must be analysed 
and subsequently smoothed. 
For this, the researchers 
are considering plasma, 
electrochemical or laser 
polishing methods. 

The project agenda also 
includes tests to determine 

Oak Ridge National Laboratory 
researchers have additively 
manufactured a lightweight 
aluminium alloy and demonstrated 
its ability to resist creep or 
deformation at 300°C.

Materials that can perform 
under high pressure, high 
temperature environments 
are needed for automotive, 
aerospace, defence and space 
applications.

The alloy, which combines 
aluminium with cerium and other 
metals, was printed using a laser 
powder bed system that deposits 
one thin layer of material at a time 
for precise results.

Researchers printed pistons 
made of the alloy for deployment 
inside of a full-scale engine.

‘Using powder-bed 3D printing 
allowed the alloy to rapidly solidify 
into fine, stable strengthening 

particles in the microstructure, 
resulting in the remarkable 
high-temp creep resistance we 
measured,’ ORNL’s Ryan Dehoff 
said.

‘We expected notable 
improvements, but were surprised 
by how strong and stable these 
alloys proved to be.’

The pistons will undergo 
additional testing inside of a four-
cylinder, turbocharged engine.

whether and how minor wear 
damage on accelerators can 
be subsequently repaired 
using additive manufacturing 
technologies without having 
to scrap entire components. 
‘In addition, we also intend to 
study which other materials and 
components can be considered 
for additive manufacturing for 
accelerators,’ explained Gruber.

The compact linear 
accelerators being developed 
within the I.FAST project could 
be used, for example, for 
better and more automated 
drug and weapons checks at 
airports. In the field of medical 
applications, they can also be 
used for proton therapy against 
particularly insidious tumors in 
the abdomen or brain, as well as 
for medical isotope production. 

changing electric fields build up 
that send the particles between 
the wavy electrode tips and 
bring them closer and closer to 
the speed of light. 

Because the systems 
generate a lot of waste heat 
during long-term operation, the 
quadrupoles are made of pure 
copper – an exceptionally good 
conductor of electricity and 
heat. Until now, however, the 
production of quadrupoles has 
been very complex. They are 
milled into shape from semi-
finished products and then 
assembled from a very large 
number of individual parts.

This is where the research 
partners saw great potential in 
3D copper printing. They melt 
pure copper powder with a 
green laser and from this molten 
metal form the quarter segment 
of a quadrupole. In the process, 
they save material wherever it 
is not needed for component 
strength, reducing copper 
consumption and providing 
lighter quadrupole segments 
that can be assembled within 
one day.

‘This approach will allow 
us to significantly reduce 
manufacturing times,’ said 

Durable, lightweight aluminum alloy additively manufactured for aerospace and automotive
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“These linear 
accelerators often 
take up little more 
space than a living 
room”

A finished copper quadrupole quarter segment with material-saving hollow 
structures and cooling channels

The 3D printed lightweight alloy can 
withstand temperatures up to 300°C



Project to develop laser cleaning 
for nuclear decommissioning

WWW.LASERSYSTEMSEUROPE.COM  |  @LASERSYSTEMSMAG

Additive Assurance, an 
Australian start-up developing 
quality assurance solutions 
for additive manufacturing, 
has announced a partnership 
with global car manufacturer 
Volkswagen. Volkswagen will 
use the start-up’s technology to 
verify the quality of its printed 
parts, ensuring consistency 
between builds.

Spun out of Monash 
University, Additive Assurance 
has developed AMiRIS, an 
innovative technology capable 
of detecting and correcting 
variations in the 3D printing 
build process.

It combines hardware that 
observes each layer during 
printing with cloud-based 
machine learning software to 
generate a real-time defect 
map. The solution then analyses 
and feeds this information 
directly back to the operators. 

With the technology Additive 
Assurance aims to address 
inconsistent production quality 
in additive manufacturing, 
which according to the firm is 
currently a huge problem faced 
in industry.

Through the new partnership 
the start-up will develop a 
manufacturing system to suit 
Volkswagen’s laser powder 

Australian additive start-up 
announces partnership with 
Volkswagen

based fusion printers, which it 
uses to develop and produce 
car components and prototypes 
faster, with greater flexibility 
and using fewer resources. This 
will involve a version of AMiRIS 
being installed on a printer 
at the car manufacturer’s 3D 
printing facility in Wolfsburg, 
Germany.

Commenting on the 
partnership, Additive Assurance 
co-founder, Marten Jurg, said: 
‘Metal additive manufacturing 
is taking the world by storm, 
but quality is still not at the level 
it needs to be for important 
applications. We see a huge 
opportunity for additive 
manufacturing and are thrilled 
to be working with a leading 
company like Volkswagen to 
transform how they develop 
their products.’

Oliver Pohl, who leads 
the Additive Manufacturing 
division at Volkswagen 
added: ‘Volkswagen is 
actively integrating additive 
manufacturing in their workflow 
and by adopting the pioneering 
solution for quality assurance 
from Additive Assurance, we 
will be able to  further push 
the boundaries towards serial 
production using additive 
manufacturing’.

The University of Bristol has been 
awarded £505,000 funding to 
develop laser cleaning techniques 
for the nuclear industry.

The funding has been awarded 
as part of a joint UK-Japan Civil 
Nuclear Programme.

Many of the most pressing 
and complex decommissioning 
challenges at UK nuclear sites 
concern the decontamination 
of radiologically contaminated 
surfaces. While numerous 
methods have been considered 
to address these challenges, 
laser cleaning has emerged as a 
promising candidate to rapidly 
decontaminate surface-fixed 
radioactive materials.

This is because compared 
to the more common nuclear 
decontamination techniques, 
such as pressure washing and 
mechanical scabbling, laser 
cleaning produces much smaller 
amounts of secondary solid and 
aqueous wastes. It can also be 
deployed remotely through a 
fibre optic or by a robot, thereby 
reducing the need for a human 
operator to enter a hazardous 
environment to operate a cleaning 
tool.

Over the next 2.5 years, the 
new ‘OptiClean’ project will 
therefore seek to improve laser 
decontamination techniques in 
order to reduce their burden, 
risks and overheads, allowing 
their adoption to be broadened 
globally. The project will be 
undertaken by the University of 
Bristol and University College 
London.

The work will build on an 
existing laser contamination 
project funded through the 
Nuclear Decommissioning 
Authority (NDA) Direct Research 
Portfolio (DRP). This DRP project 
is led by consultancy firm Eden 

Nuclear and Environment, with the 
University of Bristol delivering the 
experimental work. Equipment 
and software has been procured 
from Applied Photonics, Bofa 
International, Clifton Photonics 
and IPG Photonics. The French 
Alternative Energies and Atomic 
Energy Commission (CEA) has 
also provided expert advice on 
laser cleaning equipment, while 
University of Manchester and 
the Henry Royce Institute for 
Advanced Materials have carried 
out experimental characterisation 
of materials to be laser-cleaned.

OptiClean will therefore overlap 
with the DRP project, with Bristol 
having already carried out the first 
laser cleaning experiments, using 
the new NDA-funded equipment, 
in October.

Professor Tom Scott, leader 
of the OptiClean project and the 
co-director of science for the 
Southwest Nuclear Hub at the 
University of Bristol, said: ‘This is 
an exciting opportunity to develop 
a working technology for nuclear 
clean-up, which is ideally suited 
for activities at the Fukushima 
Daiichi Nuclear Power Plant in 
Japan as well as at Sellafield and 
other legacy nuclear sites in the 
UK. 

The funding for the project 
was awarded as part of 
the UK-Japan Civil Nuclear 
Programme, which seeks to 
fund collaborative research 
applications with UK and Japan-
based principal investigators. 
It is being undertaken by the 
UK’s Engineering and Physical 
Sciences Research Council 
(EPSRC) in collaboration with 
the Japanese Ministry of 
Education, Culture, Sports, 
Science and Technology (MEXT) 
and the Nuclear Safety Research 
Association (NSRA).
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A high-power laser cleaning steel



At ICALEO 2021  
Matthew Dale learned of 
the numerous ways that AI 
can  optimise laser-based 
manufacturing
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The increasing presence of 
artificial intelligence (AI) in laser 
materials processing was brought 
to the foreground of this year’s 
ICALEO conference, with the 
topic dominating both the panel 
discussion and the two opening 
plenaries.

It was made clear at the 
virtual event that AI is one of 
the key tools for automating 
complex tasks such as sensor 
parameterisation, as well as 
unlocking the ‘dream’ of closed-
loop laser materials processing 
– where laser machines adjust 
their parameters on the fly using 
process monitoring data to 
achieve optimal results at the 
workpiece.

Automating expertise
Before process monitoring 
sensors can acquire meaningful 
data, they must first be optimised 
to obtain clear signals of the 
workpiece. This was highlighted 
in the opening plenary by 
Julia Hartung, who is currently 
pursuing a doctorate at the 
Karlsruhe Institute of Technology 
in cooperation with Trumpf Laser. 
Together she and her colleagues 
have developed an evolutionary 
AI model capable of optimising 
optical coherence tomography 
(OCT) sensor parameterisation for 
assessing the quality of welding 
processes.

‘Many laser applications are 
supported or monitored by 
complex sensor technologies,’ 

she explained. ‘These sensors 
often have to be adjusted by 
lots of different parameters 
depending on the application, 
materials and components being 
processed. First, the employees 
need to have expert knowledge 
and experience to be able to 
handle the process sensors. 
But even then, it’s often difficult 
to find the optimal parameter 
set for certain components in 
a short time – with production 
processes usually being time 
critical. At this point AI can be 
used to parameterise the sensors 
optimally.’

With the example of using 
OCT to monitor the welding of 
copper hairpins in the production 
of electric motors, Hartung 
described how the OCT sensor’s 
data acquisition is regulated by 
11 separate parameters. These 
include values such as exposure 
time, background threshold, auto 
crop and scaling, etc. 

‘The parameters are partly 
interdependent and can not 
be defined separately, while 
also having different parameter 
spaces, so in total there are too 
many combinations to use trial 
and error to optimise them all,’ 
she said. ‘Our idea is that the user 
only has to press one button, then 
a hidden evolutionary algorithm 
will find the optimal parameters 
matched to the workpiece and 
adjust them. Our goal is to obtain 
a clear OCT sensor signal to 
provide a meaningful height 
profile of the component that is 
free of noise and artifacts.’

Through an AI-based 

Evolutionary 
algorithms augment 
laser processing
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ANALYSIS: ARTIFICIAL INTELLIGENCE

enhancement, the evolutionary 
algorithm developed by Hartung 
and her colleagues is able to 
perform parameter determination 
better and faster as it increasingly 
learns about a type of workpiece 
– reducing the time for an 
optimisation run from nearly 
a minute for completely new 
workpiece types, to less than 10 
seconds for already known or 
similar parts.

Once the algorithm is 
integrated into a system, an 
operator would simply have to 
enter the type of workpiece, push 
a button, and the OCT sensor 
parameters would be optimised 
to capture a clear signal. This data 
could then be used, for example, 
to determine the workpiece 
position before welding, or to 
assess quality after welding.

Hartung and her colleagues 
have also developed an 
evolutionary AI model for 
performing image-based quality 
assessment of overlap welding 
of steel sheets using data from 
an on-axis camera. This image-
based approach was developed 
for in-process monitoring, 
where spatter detection can be 
performed directly in the process. 
Based on the occurrence of 
spatter, a conclusion can be 
drawn about the quality of the 
weld seam.

She described how only 251 
images were required to train 
the artificial neural network. This 
training dataset consisted of 74 
‘good weld’ images and 177 ‘bad 
weld’ images. Bad welds are, for 
example, those where there is a 

gap between the sheets, where 
the laser power is reduced, or 
where defocusing of the scanner 
optics occurs. In addition, spatter 
can be seen on many images. 
Such training apparently takes 
around 1-2 hours, however 
Hartung later hinted in a Q&A 
that in a similar use case, even 
as little as 20 images could be 
used to train the model on a new 
application.

In order to use very little 
training data, this model was 
developed using a small network 
architecture and is based on 
semantic segmentation, a pixel-
precise class prediction. In the 
training process, this has the 
advantage that each pixel can 
be seen as a training instance 
and not, as in object detection, 
only the individual objects in the 
images (for example, the entire 
weld seam). In addition, the 
network architecture is strongly 
designed for data augmentation. 
For example, translation, rotation, 
scaling, and illumination were 
applied to extend the dataset. 
(more details on how training is 
possible with this limited data 
were not revealed at the time). 

While the newly developed AI 
models are not yet commercially 
available, Hartung noted that 
Trumpf is beginning to introduce 
them to industry partners in 
various projects.

Closing the loop
In order to use captured images 
to close the loop in materials 
processing, the process 
monitoring data must first be 

AI was the focal point of the panel discussion at this year’s ICALEO
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interpreted correctly – a task 
that has previously proved 
challenging, Professor Carlo Holly, 
head of the Chair for Technology 
of Optical Systems TOS at RTWH 
Aachen University, explained in 
his opening plenary.

‘What we’ve been doing for a 
while is collecting all this data, 
but we haven’t been able to make 
sense of it,’ he confirmed. ‘So 
this is something where AI can 
help a lot. By reading all these 
parameters we can identify 
how they each influence the 
workpiece, and then of course 
our dream is to close the loop 
finally. If we can reverse engineer 
it all and say “okay, this part 
has a defect because the laser 
fluctuated or it was too hot or too 

cold at this process stage”, then 
with enough computing power 
this can be done on the fly. You 
can then take the necessary 
countermeasures and build a self-
optimising machine.’

Researchers at Fraunhofer ILT, 
in collaboration with colleagues 
from RWTH Aachen, have begun 
exploring this approach for laser 
powder bed fusion (LPBF) to 
analyse and optimise surface 
quality in real time. 

‘In LPBF the part quality is 
very crucial,’ Holly remarked. 
‘Assessing part quality involves 
examining the created surface 
topography to determine the 
roughness and whether there are 
defects. Usually you take out the 
finished parts and put them under 
a white light interferometer to 
examine the surface topography. 
However this is impractical for 
inline processing as white light 
interferometers aren’t present 
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during the build. What you instead 
need to do is rely on optical 
images taken during the process.’

The research partners 
have therefore developed a 
convolutional neural network 
(CNN) capable of predicting 
local surface roughness based 
on optical images of LPBF 
processes. 

‘It gives us super-fast direct 
feedback about the quality of our 
process results,’ explained Holly. 
‘Now, we can use this as an input 
for a reinforcement learning block 
and actually train the system 
how to improve this local surface 
roughness or decrease defects.’ 

Reinforcement learning works 
by having an environment inform 
the CNN whether a result is good 
or bad. Based on the negative 
or positive reports, the network 
then tries to optimise its output 
to achieve the most positive, 
highest-value result. 

‘By doing this the CNN is 
able to adjust the laser power 
and scan velocity of the LPBF 
system, and then every time a 
new layer is built, the surface 
roughness is determined from 
optical images and fed back 
into the reinforcement learning 
system,’ said Holly. ‘The system 
then evaluates how its parameter 
adjustments have affected 
the result, and then uses this 
as a benchmark for the next 
layer, where it can optimise the 
parameters further to improve the 
overall process.’

By using this technique, 
the developed CNN was able 
to improve the initial surface 
roughness of the layers of a 
build from 10μm +/- 5μm down 
to 3.3μm +/- 0.28μm by the end 
of the build. ‘This is a great result 
that shows how you can actually 
optimise your process inline using 
a reinforcement learning model,’ 
Holly remarked.

He continued by expanding on 
this concept and explaining that 
a future stage of development 
would then be to expand this 
self-optimising capability from 
one machine to a whole facility 
of machines. ‘Then what you can 
do is say: “Okay, if this machine 
learned how to optimise a certain 
process and get all this data, then 
it can tell the other machines how 
to optimise their processes as 

“Our idea is 
that the user 
only has to press 
one button, 
then a hidden 
evolutionary 
algorithm will 
find the optimal 
parameters ”
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well.” And with that you enter the 
world of business optimisation 
using digital shadows and big 
data.’

Additional examples
Holly presented another example 
of digital solutions optimising 
laser processing by showing 
how it can also be applied to a 
relatively new laser application: 
multi-beam materials processing 
using ultrafast lasers. Here, an 
incoming high-power beam with 
more than 1kW average power is 
split into 64 individual beams in 
an 8 x 8 dot matrix. These beams 
can then be moved over a surface 
and then be individually switched 
on and off to produce arbitrary 
structures.

He explained that the data of 
the process – scanner position, 
laser power, temperature 
information from cameras, etc 
– can all be fed into a control 
system that then closes the loop 
to the active optical system that 
switches the individual beams on 
and off. 

‘We rely on fast real-time 
processing because when 
moving this spot pattern, we 
actually have to know exactly 
where each individual spot is 
and when to switch it on and off 
to actually create the desired 
structures,’ said Holly. ‘If you sum 
it up, the data acquired during this 
process is about 50 gigabytes 
per hour. So this is why we need 
really fast hardware to process it 
in real time and actually close this 
loop here.’

He remarked that AI is 
especially useful for these types 
of applications where very large 
datasets need to be handled, and 

have unknown or very complex 
correlations between them: ‘If you 
have a certain parameter set and 
then you have a certain process 
result, it’s often not that easy 
to correlate them all in terms of 
defects. For example, depending 
on your laser power or process 
speed, you might have a certain 
defect in your part, and it’s just 
not easy to correlate this upfront.’

Fraunhofer ILT and RWTH 
Aachen University have also been 
exploring AI for laser welding, 
having developed their own 
model capable of identifying 
defects in weld images.

To create the model, over 
17,000 weld images from 10-15 
welding trails were initially taken 
using a near-infrared camera and 
then classified by humans using 
metallographic characterisation 
annotating five defect categories. 
These were then fed into a deep 
neural network, which once 
trained was able to identify 
whether a newly presented image 
contained a weld defect.

‘The resultant model gives 
a really good correlation,’ 
confirmed Holly. ‘Running it 
through real process data offers 
a great prediction of whether 
there is a weld defect, a lack of 
penetration or no weld at all etc. 
So this is a really nice model 
which can now be used for 
real-time processing. Of course 
you need to have fast hardware, 
like GPUs and FPGA hardware to 
really do it online and in real time, 
but this is a great demonstration 
of how AI can be used in process 
analysis.’

Hype, or the next revolution?
Hartung and Holly were brought 
together with Professor Volker 
Sorger of George Washington 
University in a panel discussion 
moderated by Professor 
William Steen – a pioneer who 
is commonly referred to as 
‘the father of laser materials 
processing’ in the industrial laser 
community.

It was rather fitting to see Steen, 
who founded the world’s first 
university-based research group in 
laser material processing in 1968, 
learning about the many ways that 
such cutting-edge technology as 
AI is influencing an industry that 
he himself helped build.

Having seen the rise of 
numerous technologies over his 
extensive career, one of the main 
points Steen queried the panel 
about was whether they thought 
AI was simply hype, or if it could 
indeed be ‘the next revolution’.

‘The community is rather 
excited and I would add, 
rightly so,’ began Sorger. ‘The 
reason being, that automation 
has forever driven human 
development and technologies, 
and AI is just the next (expected) 
level of automation.’ He 
highlighted that while with any 
hype, there needs to be an air 
of caution – especially from the 
perspective of scientists and 
engineers – from a developmental 
perspective, having a bit of 
excitement can be fruitful. 
‘Because without such an initial 
momentum, development might 
be slow or possibly missed for 
decades. Case in point, neural 
networks were developed in the 
1950s already, yet a long 50- 
year AI-winter followed, which 
was just resurrected over the 
last 1-2 decades accelerated 
by big-data, special-purpose 
computing hardware (e.g. GPUs), 
and machine learning algorithms 
(e.g. deep learning),’ he said. 

Holly weighed in that there is 
definitely a future for AI and that 
he believes that we are indeed 
in the next revolution. ‘I think 
every field of technology, and 
every application in these fields 
where AI can be applied to, is at a 
different point in the hype chart,’ 
he said. ‘For us, speaking from 
the perspective of building lasers 
and optical systems for materials 

processing, I think we are very 
much at a point of excitement. 
We are at the point where we are 
trying to determine “okay, where 
does AI really help and where do 
we really benefit from it?” And I 
think if we do identify benefits, 
it’s extreme benefits that we’re 
seeing. However, for certain 
applications, we are seeing that 
classical solutions are still the 
most optimal – AI doesn’t need to 
be applied to everything.’

Hartung agreed: ‘I think AI is 
very much in a hype stage at 
the moment, and so there’s a 
tendency to want to use it for 
everything, but there are indeed 
many applications where we don’t 
need it, where there are classical 
algorithms that work just fine. So 
we should look at AI as a toolbox 
with different instruments, and 
we have to identify when to use it 
and when not. I do believe that AI 
has a future, but it is also in a hype 
stage at the moment.’

Sorger highlighted the need for 
caution surrounding the choice 
of data used to train the neural 
networks that are performing AI 
and machine learning tasks. As he 
explained, every new technology 
offers positive aspects for 
society, but it might also be 
misused, and in this case ‘miss-
trained’. ‘If we train a system on 
certain data sets that happen to 
favour a particular outcome, then 
we create a biased AI decision 
making system. Thus, we must 
be vigilant with respect to the 
data that we feed into the neural 
network during the training step,’ 
he confirmed. ‘Nonetheless, AI 
could be used to free humanity 

“We can 
identify how 
each parameter 
influences the 
workpiece, and 
then of course 
our dream is to 
close the loop 
finally”
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from repetitive tasks or those 
with relatively straightforward 
decision-making. Interestingly, 
the amount of trust that we 
bestow on automated systems 
to make decisions will depend on 
our oversight and validation of AI 
training data sets. Not surprising, 
these datasets are often trade-
secrets.’

‘That point is very important,’ 
remarked Holly. ‘Do you just listen 
to the machine and then still 
make the decision as a human, 
or do you just let it all run by 
itself? I’m pretty optimistic that 
AI will bring continuous benefits 
to the field of laser processing, 
especially in quality control and in 
closing the loop.’

Hartung also sees big 
opportunities in AI, however 
she believes it’s important to 
increase the transparency of the 
technology and its algorithms to 
help encourage its adoption.

‘It’s important to explain the 
algorithm a bit more, which is 
known as “explainable AI”,’ she 
said. ‘Currently it’s a big black 
box – and a lot of people don’t like 

black boxes – and we can’t say 
with 100 per cent certainty if the 
AI is generating the right result 
or not. For example, maybe the 
training data isn’t good enough, 
or perhaps we missed something 
out during the training process. 
So I think while AI will be a good 
toolbox to use in the future, 
explainability will also be very 
important.

Generative design
Explainability could become 
increasingly important as AI 
is used not only to optimise 
manufacturing processes, but 
also to optimise the design of the 
chips the AI itself is running on.

Holly pointed out that big 

chip manufacturers have 
announced that they’re now 
using reinforcement learning 
approaches to actually design 
entire chips and lay out where 
the transistors are. ‘And the 
thing is, they can actually do 
this much better than a human 
could possibly achieve,’ he said. 
‘For me, that’s one of the most 
exciting fields, where you actually 
create something new that 
humans are not able to because 
it’s just too complex. This is 
what I call generative forward-
thinking design, and it can even 
be applied to optics. We are 
currently working on AI, especially 
reinforcement learning solutions, 
to do the optics design. This 
means that instead of relying on 
years of experience in what kind 
of curvatures you should give a 
certain lens in your system, we try 
to teach an AI to do it.’

This type of generative design 
is also being used at George 
Washington University in the 
designing, prototyping, and 
testing AI/machine learning 
special-purpose computing 

accelerators. ‘These are compute 
systems like GPUs that optimise 
tensor operations such as 
matrix-matrix multiplications or 
convolutions, which make up the 
vast majority (over 90 per cent) of 
all machine learning effort’, said 
Sorger. ‘Using electronic-photonic 
mixed-signal ASICs (chips) we 
can speed-up neural network 
processors and make them more 
energy efficient. Interestingly, 
such systems also allow for 
self-optimising machines; 
that is, the AI accelerator can 
optimise everything from image 
processing, to data analysis, 
but also augment and optimise 
hardware systems, or even itself, 
known as self-learning. That 
way an electronic-photonic AI 
ASIC processor can optimise 
the very electronic and optical 
components it is made of. Key for 
efficient and high-performance 
AI systems is dense component 
integration on semiconductor chip 
technology, including electronic 
(CMOS) and optoelectronic 
(photonic integrated circuits) 
components.’ l

“We should 
look at AI as a 
toolbox, and we 
have to identify 
when to use it 
and when not”
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Mikhail Sokolov, Pasquale Franciosa, 
and Dariusz Ceglarek of the University 
of Warwick, describe how new laser 
technologies can overcome dissimilar 
material welding challenges

Increasing demand for car weight 
reduction with e-mobility has led 
to an increased rate of designs 
featuring dissimilar lightweight 
die casting alloys. 

The structure weight of 
vehicles can be significantly 
reduced if individual 
components, such as engine 
blocks and transmission casings, 
can be made using such alloys. 
However, welding dissimilar light 

alloys is a significant challenge in 
the automotive industry.

The average aluminium 
content per vehicle currently 
amounts to nearly 179kg, with 
the total content for the whole 
car market (including electric 
vehicles) estimated to be 2,989 
kilotonnes – most of which 
comprises aluminium castings1. 

Riveting methods are 
commonly used to join casting 
alloys. They generally require 
an elongation rate of 10 per 
cent, which is hard to achieve 
with standard alloys. Welding 
methods provide interesting 
alternatives. However, since 
casting alloys are prone to 
significant porosity formation, 
new welding methods are 
required to reduce and prevent 
porosity formation in the welds. 

Large-clustered porosity 
affects the mechanical 
properties of welded joints, such 
as tensile strength and fatigue. 
Cluster porosity is not a critical 
defect, but it does increase 

enables the introduction of 
sophisticated welding patterns, 
fast beam re-positioning with 
superior processing speed, laser 
power modulation and beam 
shaping2. The combination of 
these features has successfully 
been proven to weld challenging 
materials, such as non-ferrous 
alloys and highly reflective 
materials like copper and 
wrought aluminium. However, the 
application of RWL to casting 
alloys has not yet been fully 
exploited. 

We have therefore proven 
beam oscillation using an 
adjustable ring mode (ARM) 
laser to be an effective porosity 
reduction method during 
RLW (see figure 1)3. The beam 
oscillation provides keyhole 

Challenges and solutions of reducing 
porosity formation during remote laser 
welding of die casting aluminium

the chance of other defects 
occurring, such as corrosion 
and weld root porosity, which 
decrease bending strength. 

There are several theories that 
explain the formation of porosity 
in aluminium alloys, a number of 
which cite hydrogen originating 
from moisture in the air. Some 
hydrogen is initially present inside 
the alloy or on its surface. When 
entering solid solution during 
welding, this gas forms bubbles 
during cooling. More pores are 
formed by the keyhole instability 
caused by the vaporisation of low 
boiling point elements in the alloy, 
such as magnesium.

Porosity reduction methods
The high flexibility of remote 
laser welding (RLW) systems 

Figure 1: Beam oscillation using adjustable ring mode (ARM) lasers can be 
used to reduce porosity during aluminium welding.

Figure 2: Illustration of 
laser beam oscillation 
method with an adjustable 
ring mode (ARM) laser. 
Welding parameters: Pc,i – 
laser power of core beam, 
modulated transversally 
to the welding direction 
on three points: on the 
upper part (A), reference 
point (B) and lower part 
(C); Pr,i – laser power of the 
ring beam, not modulated; 
f – oscillation frequency; 
Ay – oscillation amplitude; 
Oy – is measured from 
the reference point, and 
defines the position in the 
y direction of the laser 
beam the zero-position 
of Ay; Az – focal point 
position offset; and Sx – 
laser welding speed was 
constant at 4m/min.

This study was partially 
supported by (1) APC UK 
projects Chamaeleon & 
ALIVE; (2) Innovate UK IDP15 
project LIBERATE; (3) WMG 
HVM Catapult. We gratefully 
acknowledge the support 
of the X-Ray Computed 
Tomography (NXCT) at the 
University of Warwick under 
the EPSRC Project Number (EP/
T02593X/1).
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stabilisation at acceptable 
welding speeds, enabling the 
release of the entrapped gases 
from the weld pool. The ARM 
laser provides a novel solution of 
dual-beam welding, as the core 
beam helps to initiate faster and 
sufficient keyhole formation, 
while the ring-shaped beam 
provides effective temperature 
distribution in and around the 
molten pool, avoiding rapid 
cooling and hence stabilising the 
welding process (see figure 2). A 
stable keyhole leads to a stable 
surface with less spattering, 
therefore reducing the porosity.

Experiments and results
Our experiments were conducted 
using aluminium die casting alloy 
AlSi7Mg (on top, 2mm thickness) 
and aluminium extrusion AA6063 
(bottom, 3mm thickness). These 
dissimilar materials were welded 
using a continuous-wave, 
multi-mode Coherent fibre laser 
(HighLight FL-ARM 10000) in a 
fillet lap joint welding set-up. All 
experiments were performed 
without shielding gas or filler 
wire. Samples were wiped with 
acetone before welding to 
remove surface contaminants.

After welding, the samples 
were cut at three places: 7mm 
from the weld start, middle of the 
weld and 7mm from the weld end. 
Once the samples were extracted 
and polished, the cross sections 
were photographed using a Nikon 
Eclipse LV150VN microscope 
in black-and-white mode. The 
pores were recognised on the 
cross-section photographs using 
an automatic pore recognition 
code developed in Matlab. The 

key weld indicator was defined as 
porosity area (Ap) that indicates 
the percentage of the weld pool 
area covered with porosity.

The experiments were focused 
on investigating the effect 
of selected welding process 
parameters and analysing their 
influence on Ap. Three welding 
parameters were chosen:

• Frequency (f) – frequency 
beam oscillation above 100Hz 
was used to facilitate the stirring 
effect that increases keyhole 
stability and degasification of the 
molten pool.

• Power at ring beam (Pr) – to 
control the distribution of heat 

and cooling rate in and around 
the molten pool for keyhole 
stabilisation.

• Focal offset (Az) – to control 
the distribution of the spatial 
energy input.

Constant welding parameters 
were chosen to ensure the 
minimum weld penetration 
depth of 1.2mm – 40 per cent 
of the bottom plate at zero gap 
between the plates. See table 1 
for experiment summaries.

The main effects of the chosen 
parameters and their interaction 
effects on weld quality were 
compared by analysing Ap. 
The results are shown in figure 
3. The analysis indicates that 
the influence of Az on Ap was 
statistically significant, Pr also 
influences Ap, possibly through 
the stabilisation of the keyhole. 
With one exception, overall, 
the interaction effects were 
not significant, indicating there 
were no combined effects of 
Pr and Az, Az and f. Hence, only 
the interaction effect of Pr and 
f was statistically significant on 
Ap, while f as a single factor had 
no influence on the porosity. 
Therefore, the joint effect of 
the dual beam welding and high 
frequency beam oscillation has a 
significant effect on Ap.

Conclusions and future work
Weld porosity reduction has 
been demonstrated using a 
dual-laser beam and frequency 
beam oscillation. A reduction of 
porosity from 7 per cent to below 
2 per cent (1.6 per cent average) 
of the weld area was achieved 
with oscillation frequency (f) 
= 200Hz, position offset (Az) 
= 0mm (on the surface of the 
top plate), ring laser power (Pr) 
= 2,000W with constant speed 
(Sx) 66.67mm/sec (4m/min) and 
with applied power modulation 

Dr Mikhail Sokolov is a research 
fellow at WMG, University of 
Warwick. Dr Pasquale Franciosa 
is an associate professor at WMG, 
University of Warwick, and head 
of the laser welding applications 
laboratory at WMG. Professor 
Dariusz Ceglarek is EPSRC Star 
Research Chair at University of 
Warwick and a CIRP Fellow.

of the core laser power. 
Considerably more work 

will be needed to determine 
the distribution of porosity 
over the weld using computed 
tomography to assess porosity 
behaviour at higher frequency 
levels. Ongoing research 
indicates that increasing 
frequency leads to a nonlinear 
dynamic with porosity levels. 
Frequencies of 200Hz and 300Hz 
show overall reduction at all ring 
laser power levels, while at 400Hz 
we observe a significant rise in 
porosity, as shown in figure 4.

A future area of exploration 
is the application of porosity 
reduction methods for laser-
based 3D printed parts4. Multiple 
methods will be considered, 
such as varying beam and 
oscillation shape, and preheating 
to allow the pores to degas over 
a longer period5. Future work 
will also investigate other weld 
joint configurations and material 
sets with die casting aluminium 
and application of weld porosity 
reduction methods. l

Figure 4: Computed tomography scans: (A) frequency = 300Hz, 
(B) frequency = 400Hz.

Figure 3: Contour plots of porosity 
area (Ap) and microsection 
illustrations at different levels 
of focal offset (Az) and ring laser 
power (Pr) for three frequency 
levels (f). Lowest porosity result of 
1.6 per cent indicated by (A).
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Table 1: Experimental parameters, factors and levels

CONSTANT WELDING PARAMETER VALUE
Pc,A (W) 2,500

Pc,B (W) 4,000

Pc,C (W) 2,750

Oy (mm) 0

Sx (mm/s) 66.67

FACTORS AND LEVELS
Factor Level 1 Level 2 Level 3

Pr (W) 1,000 1,500 2,000

Az (mm) -2 0 2

f (Hz) 100 150 200
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New laser 
technology could 
help make hydrogen-
powered vehicles 
commercially viable, 
David Stuart finds

The challenge of climate change and the 
problem of environmental pollution was 
brought to the forefront of everyone’s 
minds at the beginning of November with 
COP26 in Glasgow: we all need to lead more 
environmentally sustainable lives. 

One of the more obvious polluters in 
many people’s daily lives is their car, with 
the majority of those being sold continuing 
to rely on conventional petrol and diesel 
internal combustion engines. However, 
advances in the production of hydrogen 
fuel cells could help bring about a greener 
future, with lasers set to play a crucial role in 
helping make hydrogen-powered vehicles 
commercially viable.

Fuel cell vehicles (FCVs) provide an 
alternative to the plug-in electric vehicles 
(PEVs) that have been the focus of 
many countries’ push towards greener 
transportation. While PEVs have been 
making inroads in the market in recent 
years – with falling prices and an increase 
in the range they can travel before needing 
to be recharged – they continue to have 
some significant downsides, most notably in 
terms of the infrastructure required and the 
time needed to recharge their batteries. 

Fuel cells, however, offer a potential 
alternative to these problems. They could 
enable electric vehicles to be filled with 
hydrogen at the fuel station as quickly and 
easily as vehicles are today with petrol 
and diesel. 

‘Which technology will be the 
gamebreaker in the end has not yet 
been decided,’ said Eric Punzel, a laser 

technology process engineer at BBW 
Lasertechnik, a German production 
specialist in laser materials processing. 
‘Maybe it will never be. I’m sure we will need 
both technologies, because with PEVs you 
don’t have the possibility to recharge the 
batteries everywhere. Sometimes you just 
need some kind of conventional refuelling, 
and with hydrogen it’s much easier to have 
a remote infrastructure for refuelling cars 
and trucks.’

As his colleague Florian Hugger 
pointed out, who heads up R&D at BBW 
Lasertechnik, even within cities, it can 
take decades for the infrastructure to be 
built, and if you don’t want to charge your 
vehicle overnight, fast charge can be quite 
damaging to the lifetime of the battery. 

Overcoming the hump
While FCVs provide a useful alternative to 
PEVs, especially for long haul and heavy 
goods vehicles where the weight of the 
battery could become an issue, significant 
improvements need to be made in reducing 
the costs and improving the production 
speed of fuel cells, and this is where lasers 
have an important role to play. 

Fuel cells for FCVs typically contain a 
stack of 200-400 bipolar plates welded 
together, and while lasers have the 
potential to contribute to many stages of 
the manufacturing process, including the 
cutting and cleaning of the plates, it is the 
welding that could potentially have the 
greatest impact on driving down the cost of 
producing the cells. 

Roi Yaacov, business development 
manager from Israeli laser manufacturer 
Civan Lasers, explained: ‘What limits the 
industry breakthrough, is that the bipolar 
plates are a very significant part of the 
production cost of the fuel cells. There are 
other challenges of course, such as the 
scaling up of hydrogen production and the 
scaling up of distribution and retail, but 
improving the manufacture of bipolar plates 
could have the biggest impact on cost 
reduction, as it currently accounts for 28 
per cent of the cost of fuel cells.’ 

While BBW Lasertechnik doesn’t directly 
produce bipolar plates, it does help in 
their manufacture, with customers going 
to the firm to have parts laser processed. 
As Punzel explained, lasers are ideal for 
welding bipolar plates: ‘Bipolar plates, 

DYNAMIC BEAM CONTROL 
TAKES ON FUEL CELL 
WELDING CHALLENGES

Civan Laser’s dynamic beam laser can produce shapes such as spirals, circles or doughnuts
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depending on the use, are very thin sheets, 
typically 100 micrometres or less. To weld 
these thin metal sheets you need a very 
precise tool, and we can focus a laser to a 
very small area, with a small heat-affected 
zone compared to conventional welding 
methods, and this makes the laser so 
unique and perfect for welding applications 
with bipolar plates. 

‘We currently use a single-mode laser 
that has a very small focused diameter of 
20 to 50 micrometres, and to achieve high 
welding speed we use a continuous-wave 
laser because a pulsed laser is too slow. 
We use a remote system and a scanner 
optic that the laser beam goes through. 
The scanner has two mirrors, and you 
can tilt each mirror in one axis to create a 
two-dimensional process field. However, 

there is a physical limit when welding at high 
speeds, and that is called “humping’’.’ 

Humping is a big problem at the moment. 
Each plate has a weld seam of 1-2m, for 
example, those in Toyota’s commercially 
available Mirai have a weld seam of 
1.4m, and as Yaacov explained, welding 
together hundreds of them slows down the 
production process considerably: ‘Using 
regular lasers, when you go with a speed 
that’s higher than 0.5m per second, the 
humping effect occurs as the melt reflow 
of the melt velocity makes a hump, and 
because this metal should be completely 
sealed without any gaps, you cannot exceed 
this 0.5m per second. Today, the technology 
the industry uses is glueing and electron-
beam welding, but they are very expensive 
and very slow. Each vehicle needs to have 
around 200 bipolar plates welded, and with 
a weld-seam of between 1-2m, and a top 
feed-rate of 0.125m per second, it takes 
more than 35 minutes per car. It’s a huge 
obstacle in the industry.’

This point was echoed by Hugger of BBW 
Lasertechnik: ‘There’s a demand for 10 
bipolar plates per second from producers, 
and the laser is still too slow for this 
high demand.’ One of the solutions BBW 
Lasertechnik is therefore considering for 
the future is beam shaping. As a result, it 
has been exploring the potential of Civan’s 
dynamic beam shaping laser, based on 

coherent beam combining technology. 
‘Civan is the first company in the world 

that has managed to make a commercial 
product out of coherent beam combining 
technology,’ remarked Yaacov. ‘It’s a laser 
that combines tens of different lasers, while 
being able to control the phases of each of 
the tens of beams. What this technology 
permits us to have, besides different levels 
of power, is a dynamic beam that enables 
us to produce any arbitrary shape that 
we’d like to have within the beam. If we’d 
like to have, for example, a spiral beam, a 
circle, a doughnut, or whatever beam that 
you think of, we can, and all without any 
moving parts. We can change the different 
parameters, so we can control the melt 
pool better, and eliminate the phenomena 
of humping. That’s why we think this laser 
can be a breakthrough in the welding of 
bipolar plates.’

In addition to BBW Lasertechnik, 
Civan Lasers is providing its technology 
to partners such as Fraunhofer ILT and 
scan head manufacturer, Smartmove, to 
optimise welding in fuel cell production. In 
the recently announced ‘Eureka’ project, for 
example, Fraunhofer ILT will be looking to 
use advanced sensors and complex beam 
shapes in high frequencies – enabled by 
Civan’s technology – to produce faster, 
more accurate welds of the bipolar plates. 
Indeed, as testing continues, it is becoming 
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“The current 
limitation in mass 
production is the 
welding challenge, 
and that is what 
everyone is trying  
to solve”

Fuel cell vehicles 
could provide an 
alternative form 

of electromobility 
to plug-in electric 

vehicles 
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clearer to the project partners that the 
dynamic beam control of Civan’s lasers 
could provide the required solution for fuel 
cell manufacturers today.

Reaching the masses
Overcoming the current limitations of 
welding bipolar plates will ultimately be a 
crucial step towards extending the use of 
electric vehicles. 

‘The bottom line is that hydrogen fuel 
cells are a technology that needs to reach 
mass production to complete the evolution 
of clean energy, and do the things that  
plug-in electric vehicles can’t do,’ said 
Yaacov. ‘The current limitation in mass 
production is the welding challenge, and 

that is what everyone is trying to solve, so 
hopefully in a few years we’ll come up with a 
solution for this. 

‘Development is the first step, but then 
you have to monitor the full process in real 
time, and analyse and discover in real time 

whether you have defects. Because of our 
laser’s capabilities to change shape, change 
frequency, change power, and change any 
other parameter that is needed, we can 
make adjustments in real time to ensure 
a good product at the end. It will not be 
necessary to do the post-processing that 
is necessary for the glueing, stamping and 
other methods that are used today. It will be 
faster, more cost effective, and the quality 
will be much better than today’s solutions.’ 

Punzel of BBW Lasertechnik also 
pointed to the increasing research and 
development in the field: ‘There are not yet 
many hydrogen cars on the streets, but 
there is still a high demand for research and 
optimisation. We have a research project 
in-house, TopLamp, a collaboration between 
Korean and German partners, developing 
a platform for the flexible production 
of bipolar plates, solving problems 
such as how to weld big bipolar plates, 
because here there are also limits with 
remote applications.’ 

Fuel cells don’t only have applications 
in cars, according to Punzel. They also 
have a big application in heating, with 
studies showing it may be possible to 
use the infrastructure of natural gas 
pipelines for hydrogen. For this application, 
one of the disadvantages of fuel cells – 
that they are less efficient because they 
produce a lot of heat – would no longer 
be a problem.

Whether changing the vehicles on our 
roads, or the way we heat our homes, fuel 
cells have the potential to play an important 
role in creating a greener future, and laser 
welding is an essential part of this. While 
the challenge of speeding up the welding 
process has not yet been met, techniques 
such as beam shaping make it likely this will 
one day be a thing of the past. l

“We think this 
laser can be a 
breakthrough in the 
welding of bipolar 
plates”
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Fuel cells could enable electric HGVs to be filled with hydrogen at the fuel station

Dana, a manufacturer of 
power-conveyance and 
energy-management 
solutions for the automotive 
industry, has signed a long-
term cooperation agreement 
with Robert Bosch to mass-
produce metallic bipolar 
plates for fuel-cell stacks. 
Dana’s licensed intellectual 
property will serve as the 
foundation for the companies 
to co-develop and co-produce 
the next generation of metallic 
bipolar plates.

Dana’s metallic bipolar 
plates are an integral 
component in the fuel cell 
stack and deliver improved 
cost, performance and 
seamless assembly, 
aiding OEMs in realising 
commercialisation of fuel-
cell-powered mobility.

The Bosch overall fuel cell 
stack system know-how will 
enable both companies to 
further improve the bipolar 
plates’ design for future 
generations with regards to 
cost competitiveness and 
performance. Furthermore, 

DANA AND BOSCH TO PRODUCE METALLIC 
BIPOLAR PLATES FOR FUEL CELL STACKS

Bosch contributes strong 
process competence 
in mass production, 
especially on laser welding, 
testing and automation 
concepts. This will support 
a successful launch of 
the serial production of 
bipolar plates. 

To address increasing 
market demand, the 
total production volume 
will exceed 100 million 
metallic bipolar plates for 
Europe, Asia Pacific and 
North America. The plates 
are expected to support 
fuel-cell powertrains 
for commercial-vehicle 
applications beginning 
in 2022.

‘Dana has innovated a 
game-changing metallic 
bipolar plate technology 
that is helping customers 
deliver zero-emission, 
fuel-cell powered vehicles 
at a cost that enables 
market adoption today,’ 

said Antonio Valencia, 
president of Dana Power 
Technologies and Global 
Electrification. ‘This 
agreement demonstrates 
our ability to deliver a 
market-ready metallic 
bipolar plate that 
eliminates the traditional 
cost, complexity and 
performance barriers, 
which is a crucial step for 
the growth of the fuel-
cell market.’

The highly durable 
bipolar plate is designed 
to meet the extreme 
demands for sealing, 
coating and absolute 
precision of the extra-fine 
embossing structures.

In addition, Dana’s fully 
integrated, high-speed 
forming process further 
enables high-volume 
production efficiency 
at a lower cost, as well 
as driving increased 
power density.

g
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The partners of the Custodian 
project have developed a 
methodology1 for beam shape 
customisation, designed to 
eliminate defects in high-
power laser processes such 
as cutting, welding and 
additive manufacturing. 

The methodology is outlined 
in figure 1. First, an in-depth 
analysis of a laser process/
material combination is 
performed, which reveals 

the optimal thermal cycle, 
under which the occurrence 
of defects is eliminated. In a 

second step, proposed beam 
shapes are introduced in the 
laser process model and tested 
in simulations, which conclude 
the beam shapes capable of 
providing the required thermal 
cycle2,3. These beam shapes 
can then be implemented by a 
beam shaper based on Cailab’s 
Multi Plane Light Conversion 
(MPLC) technology.

In parallel, a real-time, 
closed-loop control system 
is developed based on a high 
speed medium-wave infrared 
(MWIR) sensor from NIT Europe, 
and a fast field-programmable 
gate array (FPGA) hardware 
architecture. The information 
gathered during the initial 
process analysis is used at 

Optimising high-power laser processes 
using tailored non-symmetric beam shaping

Gwenn Pallier, Jannik 
Lind and Jorge Luis Arias 
Otero provide an update 
on the results of the 
Custodian project 

this stage to determine which 
monitoring temperature-related 
features are correlated to those 
laser process parameters 
affecting the defect occurrence.

Eventually, both the MPLC 
beam shaper and the real-time 
process control system can be 
integrated into a laser-based 
manufacturing facility to deliver 
the final solution.

Putting the methodology 
to work
In the case of laser cutting, the 
Custodian methodology was 
applied to identify, realise and 
test new beam shapes that 
optimise the cut quality and 
feed rate when processing 
thick materials.

This project has received 
funding from the European 
Union’s Horizon 2020 research 
and innovation programme 
under grant agreement nº 
825103. Custodian is an 
initiative of the Photonics Public 
Private Partnership.

g

Figure 2: Methodology to identify new beam shapes: a) surface of the cut 
edge of a stainless steel sample, b) X-ray image of the cutting process, 
c) 3D-reconstruction of the cutting front geometry, d) absorbed irradiance 
distribution on the cutting front geometry

Figure 1: Methodology for laser beam shape customisation, aimed to guarantee quality in laser-based manufacturing 
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Figure 2 shows the procedure 
for the determination of a new 
beam shape. First, a sample with 
a high cut quality was selected, 
previously cut using a standard 
cutting head from Precitec. To 
investigate how the beam shape 
influenced the cutting process, 
the geometry of the cutting 
front was observed by means 
of online high-speed X-ray 
diagnostics. A clear contrast 
between the solid sample 
material (dark, high absorption 
of X-rays) and the cutting kerf 
(light, low absorption of X-rays) 
is visible in the grayscale image. 
The grayscale value of the 
X-ray image provides spatial 
information about the geometry 
of the cutting front, from 
which the width of the cutting 
kerf and its shape at the front 
can be extracted and three-
dimensionally reconstructed4. 

The 3D reconstruction 
was used to calculate the 
distribution of the absorbed 
irradiance on the cutting front 
geometry. For this calculation, 
ray-tracing software was 
used5. To optimise the process, 
different beam shapes were 
defined in the ray-tracing 
software and applied to the 
given cutting front geometry. 
The goal was to homogenise 
the distribution of absorbed 
irradiance on the cutting front 
and to reduce losses. 

Using this optimisation 
approach, the defined beam 
shape could be realised with 
the MPLC and tested by 
cutting trials.

A complex beam  
shaping system
Different beam shapers were 
developed and tested within the 

Custodian project for different 
applications, including a unique 
beam shaper to improve laser 
cutting, based on MPLC.

MPLC is a unique technology 
capable of shaping beams 
based on mode propagation, 
which enables any unitary 
spatial transform to be 
performed. It converts any 
set of orthogonal spatial 
modes into any other sets of 
orthogonal modes through 
a succession of transverse 
phase profiles separated 
by free-space propagation 
serving as a fractional Fourier 
transform operation. MPLC is 
implemented in a reflective way 
to get a more compact system: 
the light is classically going 
back and forward in between 
a textured mirror and standard 
mirror, as illustrated in figure 3. 

MPLC enables multiple 
inputs (combining) and multiple 
outputs (separated shapes), 
both being either fibred or free-
space, with a high control over 

the amplitude profile and the 
phase profile. 

The optimal implementation 
of MPLC for high-power (multi-
kW) continuous-wave laser 
applications is within a laser-
head with multiple mirrors, 
each of them being a phase 
plate6. With this implementation 
the cooling of each optic is 
optimal and the robustness of 
the shaping is improved with a 
reduced focus shift. In the case 
of the cutting beam shaper, 

the shaping is done through a 
succession of five phase plates, 
as illustrated in figure 4. 

The transformation is 
theoretically lossless, as 
opposed to diffractive optical 
element (DOE) shaping, 
for example, for which the 
conversion efficiency implies 
a significant loss of power. 
Moreover, the fully reflective 
implementation with optimal 
optical coatings provides a 
transmission exceeding 99 
per cent.

A high control of the intensity 
profile is possible, thanks to 
the capability to have multiple 
phase plates: the shaped 
beam can reach the diffraction 
limit quality. In addition to the 
shaping quality, MPLC enables 
complex shaping, such as non-
symmetric shapes, which is 
not possible with double-core 
fibre lasers, for example. A high 
control of the phase profile is 
possible too, which is unique, 
and means that the depth of 
field is improved compared to 
other shaping technologies.

This unique capability has 

Figure 3: Theoretical MPLC implementation with multiple fibred inputs (left). 
An actual telecommunication MPLC (right)

Figure 4: MPLC beam-shaper integrated in a laser-head

Figure 5: (left) Target shape for the laser cutting beam-shaper. (right) Optical 
simulation results

g

“The 
Custodian 
methodology 
was applied to 
identify, realise 
and test new 
beam shapes 
that optimise 
the cut quality 
and feed rate"
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been implemented to provide a 
complex shape tailored to the 
cutting application: a dot and a 
C-shape separated in space, as 
described in figure 5. The energy 
ratio Ec / Edot target is 4.3.  

Cutting with customised  
beam shapes
The beam-shaper has been 
developed to be compatible 
with a Trumpf 8001 laser with 
the following specifications: 
1µm wavelength, 8kW power, 
0.1 numerical aperture, 100µm 
fibre diameter and a BPP 
of 4mm.mrad. The shaper 
is integrated in between 

Gwenn Pallier is project and product 
manager at Cailabs. Jannik Lind is 
a PhD candidate at the University 
of Stuttgart’s IFSW in research 
collaboration with Precitec. Jorge 
Luis Arias Otero is a senior 
researcher at Aimen and director of 
the Custodian project.

a collimation mirror with a 
100mm focal length, and 
a focusing module from 
Precitec with a 150mm focal 
length. The shaper, integrated 
in a laser head, fits in an 
industrial environment, and 
may be integrated on a robot 
arm, as it was done at the 
Institut Maupertuis for the 
first performance test, as 

illustrated in figure 6.
At Precitec facilities, 

sheets of stainless steel 
with thicknesses ranging 
from 5mm to 30mm were 
successfully cut with a 
maximum laser power 
of 8kW, as illustrated in 
figure 7. The next steps are to 
compare the cut quality of the 
samples of the cutting tests 
with cut samples produced with 
a conventional cutting head 
(without beam shaping). 

Beam shaping for welding and 
additive manufacturing
In addition to the improvement 
of the laser cutting process, 
dynamic beam shapers tailored 
for laser welding and laser 
powder bed fusion (L-PBF) have 
also been developed within the 
Custodian project. 

For welding, the objective is 
to guarantee geometry quality 
of the welding bead when there 
is a gap between the two pieces 
to be welded. The targeted 
shape is an intense spot with 
a lower rectangle background 
shape to reduce the thermal 
gradient. The shape can be 
adjusted dynamically: the width 
of the rectangle and the power 
ratio in between the shapes 
are tunable. The system, 
shown in figure 8, is currently 
being tested at the Aimen 
Technology Centre. 

In the case of L-PBF, the aim 
is to solve hot cracking during 
additive manufacturing of nickel 
superalloy components. The 

targeted shape is an intense 
spot with a lower energy disk 
background shape. The shape 
can be adjusted dynamically: 
the diameter of the disk and 
the power ratio in between 
the shapes are tunable. The 
system, shown in figure 9, 
is currently being tested at 
the Aidimme Metalworking 
Technology Institute.

Conclusion
The methodology developed 
within the Custodian project 
has provided three different 
target shapes to improve 
different high-power laser 
processes with beam-
shaping: cutting, welding, 
and LPBF. Dynamic beam-
shapers based on MPLC 
have been developed and 
are currently under testing 
for both the welding and 
L-PBF applications. Cutting 
with a C-dot shape has 
already been demonstrated, 
capable of processing 
stainless steel sheets up to 
30mm in thickness. l

Figure 8: MPLC-based laser 
head designed for laser welding 
optimisation

Figure 6: MPLC beam shaper tested at the Institut Maupertuis integrated on 
a robot arm (left). Analysis of the output shape (right)
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shapers were 
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and tested 
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Bernabé Cárcel, Samuel López, 
and Rocío Ruiz share how the 
Rectorans project is addressing 
ongoing challenges in the 
transport sector

  @researchinfo  |  www.researchinformation.info

Greenhouse gas emissions 
from the EU transport sector 
increased steadily between 
2013 and 2019. Most EU 
policies and strategies promote 
the use of low-carbon fuels and 
electric cars to reduce planned 
greenhouse gas emissions to 
at least 55 per cent of current 
levels by 2030, with the aim 
of achieving carbon neutrality 
by 2050. Reducing transport 
sector emissions will involve 
tackling disruptive measures to 
reach this ambitious EU target.

Weight reduction is a key 
priority of the transport 
sector. It not only improves 
fuel efficiency and reduces 
air pollutants, but also 
increases vehicle performance, 
decreases the load on brakes 
and suspension systems, and 
encourages the use of electric 
vehicles.

When steel and aluminium 
structures are used, design 
and manufacturing limitations 
make it difficult to achieve the 
required weight savings. At 
the same time, the transport 
sector demands ever faster 
manufacturing processes that 
also meet quality standards. 
These two challenges were 
overcome in the recent 
Rectorans project, which made 
use of a novel concept to 
reduce greenhouse gas impact 
through the implementation of 
technologies and the design of 
sustainable solutions, to deliver 

vehicle weight savings without 
raising prices.

The Rectorans project 
provided the following solutions 
(shown in figure 1):
•   Multi-material thermoplastic 

composites developed 
to provide transport 
manufacturers with the 
opportunity to reduce weight 
and build parts with complex 
shapes for their vehicles

•   Microwave-assisted radiation 
integrated into current resin 
transform moulding (RTM) 
and pultrusion process lines 

Laser metal-polymer joining aids
vehicle weight reduction to achieve
reduced CO2 emissions
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to reduce cycle times and 
energy consumption in the 
transport sector

•   Laser-hybrid metal-polymer 
joining to increase the 
degree of automation and 
standardisation of bond 
quality while reducing raw 
material consumption

Through implementation of 
these key drivers, cost-effective 
recyclable multi-material 
composite demo samples 
were manufactured: a cab rear 
suspension for trucks, a door 
outer panel with improved 

stiffness for the automotive 
industry, and an interior panel 
for the rail industry.

The following environmental 
and economic benefits were 
obtained with these novel 
technologies, materials and 
processes, which represent an 
important benefit for users and 
society:
•   Reduction in the weight of 

parts: 64 per cent for trucks, 
63 per cent for cars and 57 
per cent for rail, compared to 
equivalent conventional metal 
parts.

Figure 1: The solutions developed within the recotrans project
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•   Economic savings for buyers/
users: €40.80 per truck part, 
€2.10 per car part, €6.6 per 
rail part.

•   Reduction in CO2 emissions 
for the buyer/user of vehicles: 
39.8kg per truck, 40.3kg per 
car*. 

Laser-hybrid joining 
technology: an overview
One of the main challenges 
of using polymer-based 
composite materials in 
industry is joining metal parts 
to polymeric parts in hybrid 
structures because these 
materials possess significantly 
different physical, chemical and 
mechanical properties. 

Conventional joining 
technology such as adhesive 
bonding and mechanical 
fastening are currently the most 
commonly used techniques. 
However, they both have 
different drawbacks. The 
disadvantages of mechanical 
fastening include stress 
concentration and long joining 
times due to the need to drill 
holes and attach external 
fasteners. The downside 
of adhesive bonding is 
that it frequently involves 
chemicals that can harm 
the environment and human 
health; it also requires long 
curing times, which increases 
energy consumption and 
manufacturing costs.

In this context, laser 
processes such as laser-hybrid 
metal-polymer joining could 
overcome almost all of these 
limitations. The advantages 
laser processing offers over 
competitive joining processes 
include the one-step process, 
instantaneous bonding, highly 
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localised heating and fast 
processing times. Moreover, 
laser heat is transferred 
directly to the joining zone at 
the component interface for 
highly effective energy use. 
This technique provides both 
physical and chemical bonding 
between parts. 

Other advantages of laser 
processing compared to 
adhesive bonding include 
less surface pre-cleaning, 
not to mention the lack of 
curing because the bond is 
ready for joining as soon as 
the polymer cools down. In 
terms of processing, the laser 
technique may offer a higher 
level of automation and greater 
standardisation of bond quality. 
However, laser-hybrid metal-
polymer joining is still in the 
development stage and more 
applied research is needed for 
cost-effective industrialisation 
of the technique.

In laser joining, a laser beam 
is used as a heating source. 
When it is applied in hybrid 
metal and polymer joining, the 
process is commonly known 
as LAMP (laser-assisted metal 

and polymer joining). The LAMP 
principle is based on the use 
of laser light to heat up the 
metal-plastic interface. The 
plastic is thus joined to the 
metal by physical-chemical 
and mechanical mechanisms. 
LAMP joining has demonstrated 
its potential for producing 
several metal-polymer hybrids 
of different metals and 
thermoplastics.

LAMP basically involves 
two procedural principles. 
Transmission joining is the first: 
the laser beam is transmitted 
through the plastic material 
and heats the metal joining 
partner. This leads to an 
increase in temperature at 
the boundary layer between 
the plastic and metal, which 
causes the thermoplastic to 
melt and moistens the metal 
surface. This process can only 
be applied to plastics with a 
high level of transparency for 
electromagnetic radiation of the 
laser wavelength. 

Heat-conduction joining is 
the second: the metal surface 
is directly irradiated by the 
laser beam. The heat is then 

conducted to the metal-plastic 
interface, which melts the 
plastic partner in the boundary 
layer. Because the polymer 
used in the Rectorans project is 
opaque to laser radiation, heat-
conduction joining is used for 
laser joining in this case. As with 
adhesive bonding, the metal 
surface must be treated prior to 
laser joining in order to increase 
joint strength. 

The contribution of surface 
topography to adhesion 
cannot be explained only by 
increased surface contact. 
Surface structuring is aimed 
at increasing contact between 
the polymer and metal and 
creating geometric interlocking. 
Different surface topographies 
on the metal surface are 
possible (holes, grooves, 
irregular patterns), generally in 
sub-mm scale (see figure 2).

The surface topography 
of the metal counterpart is 
a crucial factor to ensure 
good mechanical interlocking 
between the metal and 
composite. When the metal 
surface modification is 

“The transport 
industry 
demands 
ever faster 
manufacturing 
processes 
that also 
meet quality 
standards”

Figure 3: Truck demo sample from MBT. Left) Cab rear suspension unit.  
Right) RTM composite demo sample after laser joining 

Figure 2: Laser surface structuring. Left) Top view. Right) Cross section
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performed by laser treatment, 
groove geometry and the 
distance between tracks have 
been reported to be key factors 
for best results in terms of joint 
strength.

Laser metal-polymer joining in 
the Rectorans project
Laser-hybrid joining was used in 
the Rectorans Project to bond 
metal inserts to thermoplastic 
composite demo samples for 
the rail and truck sectors.

The truck demo sample, 
designed by MBT, was a cab 
rear suspension unit. In this 
case a U-shape steel bracket 
was welded by LAMP to the 
demo sample (see figure 3) 
made of RTM composite (Elium 
resin and glass fibre).

The rail demo sample, 
designed by Stadler Valencia, 
consisted of a door panel. This 
demo sample was made of 
pultrusion composite (Elium 
resin and glass fibre roving). The 
panel included the emergency 
break device and intercom (see 
figure 4).

For this demo sample, the 

metal component consisted of 
four steel inserts with threaded 
holes where the break and 
intercom were connected. 

For both demo samples, 
surface structuring of the metal 
surface was first performed 
with a nanosecond pulsed laser 
(see figure 5). The effect of 
different variables in the laser 
structuring process (separation, 
orientation and penetration 
depth of the generated texture) 
was analysed. 

The temperature at the 
metal-composite interface 
during joining was optimised in 
the project. It was found that the 
mechanical properties of these 
hybrid joints were strongly 
dependent on and affected 
by texturisation and interface 
temperature. 

A novel approach to laser 
irradiation was used in this 
project based on surface 
temperature instead of laser 
power. The temperature of a 
metal surface was set to a fixed 
reading. The temperature signal 
was measured in real time by a 
two-colour pyrometer, and the 
controller regulated laser power 
in a closed-loop to ensure a 
constant temperature in the 
irradiated area. 

To weld the metal brackets 
to the composite, a laser beam 
was used to heat the surface 
of the metal bracket (steel) by 
thermal conduction until the 
melting temperature of the 
polymer in the metal-composite 
interface was reached (see 
figure 6). To provide sufficient 
contact pressure between 
parts, a specific clamping 
system was designed for each 
demo sample. 

The final validation test led 
to the following conclusions. 
Lap shear strength results were 
in the range of 16 to 21MPa 
depending on processing 
conditions and materials (RTM 
– pultrusion). These results 
were in the range of specific 
structural adhesives. In addition, 
analysis of fracture after lap 
shear tests demonstrated 
the importance of laser 
structuring of the metal surface 
before laser joining for good 
mechanical results based on a 
cohesive failure mechanism.

Rectorans is a four-year 
research project that has 
received funding from the 
European Union’s Horizon 
2020 Research and Innovation 
Programme under Grant 
Agreement No. 768737. The 
partnership, composed of 
13 organisations from seven 
European countries, includes 

leading scientists from four 
institutions (Aimplas, CTAG, 
ITÜ and FHG-ICT), market 
leaders from four relevant 
industries (Stadler Valencia, 
Gestamp, MBT and Arkema) 
and five highly innovative SMEs 
(Inea, Tecnolclad, Synthesites, 
Far-UK and Polymec). The 
consortium as a whole brings 
together a wealth of expertise 
and resources within the areas 
of the transport industry (rail, 
truck and automotive) aimed 
at producing multi-material 
composites through the 
integration of unconventional 
technologies (microwave 
and laser systems) in the 
composites production line 
(RTM and pultrusion). l

(*) Results obtained from LCA (Life 
Cycle Assessment) and LCC (Life 
Cycle Cost) analysis. The standards 
of LCA are ISO 14040 ‘Environmental 
management – Life cycle assessment 
– Principles and framework’ 
and ISO 14044 ‘Environmental 
management – Life cycle assessment 
– Requirements and guidelines’ 
whereas for the LCC the EU directives 
2014/24/EU and 2014/25/EU and ISO 
standard (15686) are applied. 

g

Bernabé Cárcel is CEO of Tecnoclad 
Laser Solutions  
Samuel López is an engineer at 
Tecnoclad Laser Solutions 
Rocío Ruiz is a sustainable mobility 
researcher at The Aimplas Plastic 
Technology Centre

Figure 6: Laser joining process. Truck (left) and rail (right) demo samples

Figure 4: Rail demo sample from 
STAV. Left) Door panel design. 
Above) Pultrusion panels with 
joined metal brackets

Figure 5: Metal bracket (AISI304) with laser structured surface in the joining area



Productronica exhibitors 
shared some of the latest 
trends in electronics 
manufacturing with 
Abigail Williams

This November, laser materials processing 
firms from around the globe were among 
those who gathered for Productronica – billed 
as 'the world’s leading trade fair for electronics 
development and production’. To tie in with the 
event, some of this years’ exhibitors provided 
Laser Systems Europe with insight into a 
range of complex and interlinked trends in 
laser processing for electronics production. 

The annual Productronica trade fair is the 
largest international event for the electronics 
production industry – and the only event of its 

kind to cover the entire value chain. This year's 
gathering – held between 16-19 November 
at Messe München in Germany – brought 
together more than 1,500 exhibitors from 45 
countries, and more than 43,000 trade visitors 
from 82 countries. 

In addition to a wide-ranging programme 
focusing on subjects from sustainable 
electronics supply chains and smart 
welding, to artificial intelligence and additive 
manufacturing at the nanoscale, the event also 
gave exhibitors and delegates the opportunity 
to discuss some of the current and emerging 
trends facing the sector. 

Price-performance ratio
According to Patrick Stockbrügger, product 
manager at German firm LPKF Laser & 
Electronics, recent trends include demands 
for better price-performance ratio – and thus 
cost-effectiveness – offered by lasers to be 
brought to a broader field of applications in 
electronics production, as well as demands for 

a faster time-to-market. 
‘Miniaturisation also remains a global trend 

for all kinds of electronics parts, from standard 
PCBs to chips,’ he said. ‘It is still possible to 
achieve this further miniaturisation through 
laser technology because it allows design 
freedom and a minimum distance between 
mounted components and tools.’

Stockbrügger also reported an increase 
in demand for ceramic and metal core circuit 
boards, mainly as a result of the increasing 
demands, requirements and production 
volumes of the growing electromobility sector. 
In his view, this development is of particular 
importance because these materials generally 
require more laser power to process.

Another trend is the demand for ‘technical 
cleanliness,’ which Stockbrügger explained 
plays a decisive role in the long-term stability 
of PCBs. This makes it a particular requirement 
for safety-relevant automotive and medical 
applications. LPKF addresses this issue with 
its laser-based innovation, CleanCut, which 
it says enables dust- and carbonisation-free 
processing at high cutting speeds. 

Advanced IC packaging
Cordula Krause-Widjaja, PR manager at LPKF, 
observed that advanced integrated circuit 
(IC) packaging plays an ever-increasing role 
in satisfying the need for more and more 
computing and signal processing power – and 
that new materials are always in focus in the 
research and development sector. 

‘Thermoset encapsulation compounds 
are now the carrier of additional metal layers 
in an IC package or module, thus realising a 
greater functionality of the IC on the same 
footprint,’ she said. ‘Whether rigid, rigid-flex 
or flex materials, laser processes must be 
adapted to specific material requirements. 
Therefore, a variety of different laser systems 
for prototyping is necessary.’  

Krause-Widjaja has consequently witnessed 
‘a great increase in laser processing’ for 
advanced IC packaging – largely due to the 
fact that traditional back-end tools cannot 
keep up with the required pace of IC package 
improvement. 

LP
KF

LASER 
DEVELOPMENTS 
IN ELECTRONICS 
MANUFACTURING

g

Example of a clean and residue-free FR4 
cutting edge produced with the LPKF 
CleanCut technology

Laser depaneling systems such as this 
achieve higher output by higher effective 

cutting speed and cutting quality
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g ‘Our patented Laser Direct Structuring 
(LDS) and Active Mould Packaging (AMP) 
technologies, and related laser tools are ideal 
for this selective and direct manufacturing of 
conductors and vias,’ she said. ‘Because LDS 
and AMP are truly additive technologies, the 
environmental, social and governance impact 
of IC packaging can be reduced.’ 

She remarked that sustainability is 
becoming increasingly important in 
electronics manufacturing: ‘New ways of 
thinking, designing and manufacturing will 
be key to sustaining a habitable biosphere. 
Laser processing will play a crucial role in 
that process, as it has the power to replace 
traditional and rather resource-intensive 
manufacturing technologies.’

In response to the varied demands of 
electronics manufacturing, Stockbrügger 
revealed that LPKF focuses on new laser 
sources with an improved price-performance 
ratio – mainly using pulsed lasers, as well as 
ultra-short-pulsed laser systems.

When it comes to new laser processing 
applications for electronics production, 
Stockbrügger reported an increase in those 
involving metal core PCBs – largely because 
of the necessity of a fast heat dissipation. 
He added: ‘Laser systems nowadays are 
economically attractive due to increased 
power. The processing of more than 1.6mm 
with a pulsed laser is possible – and the 
wavelength to be chosen depends on the 
requirements, design and product mix.’

On display
At this years’ Productronica trade fair, 
LPKF exhibited a range of laser processing 
technologies that included new system 
variants of its CuttingMaster series of laser 
depaneling machines. ‘The new variants are 
equipped with new, optimised laser sources,’ 
said Stockbrügger. ‘They also feature more 
power and an improved price-performance 
ratio – including an optimised total cost 
of ownership.’ 

Krause-Widjaja revealed that the company 
also presented the first system to feature 
LPKF’s ‘disruptive’ faster beam guidance 
technology, ‘Tensor’, at the show, as well as its 
product portfolio for inhouse PCB prototyping. 
‘LPKF also presented its WeLDS technology 

Scientists have produced 
hybrid printed circuit boards 
(PCBs) using laser micro-
welding that are both more 
versatile and 20-times 
cheaper than conventional 
power electronics made 
of ceramics.

The new PCBs could 
significantly reduce the 
installation space required 
for power electronics and 
thus, the overall weight of 
electric vehicles, resulting 
in longer driving range and 
lower CO2 emissions.

They are also an extremely 
important development due 
to the microchip shortage, 
according to scientists.

To produce the PCBs, 
scientists developed a new 
manufacturing process 
that makes it possible to 
use low-cost FR4 circuit 
board substrates in power 
electronics, for example in 
electric motors.

Woo-Sik Chung, from 
the Micro Joining Group at 
Fraunhofer ILT, explained: 
‘Imagine two copper blocks 
with the same surface area, 
but different thicknesses in 
cross section. The thicker 
the block, the greater the 
current flow. Where the 
most current is needed, we 
reinforce the circuit board. 
Where little current needs 
to flow through, we save 
on material.’

With standardised 
manufacturing processes, 
it was previously very 
costly to selectively thicken 

individual areas so that a 
welded connection could 
be applied. In the CLAPE 
project, however, (Innovative 
Cold-spray deposition and 
Laser joining for PCB-based 
Power Electronics), experts 
from Fraunhofer ILT, ILFA 
GmbH and Ouest Coating 
have successfully tackled 
this challenge over the past 
three years.

‘Until now, the rule was: 
you use a PCB with a thin 
metallisation layer, or one 
with a thick layer, depending 
on the application,’ Chung 
explained. A current 
transformer to charge 
batteries in electric cars, for 
example, requires a great 
deal of current within a 
short period of time for the 
charging process, whereas 
only a few milliamperes are 
needed to transmit a current 
signal to an LED light. ‘Our 
new manufacturing process 
enables us to realise both 
simultaneously on just 
one circuit board: signal 
and current transmission,’ 
said Chung.

The researchers achieved 
this using specially adapted 
circuit boards that were 
thickened selectively 
by cold gas spraying. 
Conductor tracks of different 
thicknesses could then be 
micro-welded to the printed 
circuit board using lasers.

Optimised design
Thanks to their specific 
structure for signal and 

current transmission, the 
resulting hybrid PCBs not 
only require less space, but 
also distribute the energy 
much more efficiently.

‘In the future, our hybrid 
PCBs could combine 
several functions within one 
component,’ said Chung. 
‘If the [manufacturing] 
process becomes 
established in practice, both 
the installation space for 
power electronics and the 
overall weight of electric 
cars could be significantly 
reduced, resulting in both a 
longer range and lower CO2 
emissions in the long term. 
This is also an extremely 
important finding as the 
resources to manufacture 
chips for power electronics 
are in short supply.’

With the project only 
recently being completed, 
the technology is not yet 
ready for the market, and 
some adjustments still need 
to be made before it can 
be used in practice. ‘But 
we’ve already been able to 
show there are promising 
technological alternatives to 
the status quo,’ said Chung.

The next research goal is 
to optimise how selective 
the cold gas spray process 
works and further reduce 
costs. ‘Here we still have 
room for improvement. But 
this also shows us what 
great potential there is in the 
technology once it can be 
used in a commercially viable 
way,’ Chung concluded.

MICRO-WELDED HYBRID PCBS COULD LEAD TO 
LIGHTER ELECTRIC VEHICLES

A hybrid circuit board produced as part of the BMWi-funded CLAPE project. It combines several 
functions in one component

“Miniaturisation 
remains a global 
trend for all kinds 
of electronics parts, 
from standard PCBs 
to chips”
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– which combines 3D moulded interconnect 
devices with laser plastic welding,’ she added. 
‘Conductive traces can be produced on the 
surfaces of injection-moulded parts. The 
required cover is then welded onto the housing 
using LPKF’s laser plastic welding technology.'

Trim and proper
Elsewhere, Ludwig Schuhmann, sales manager 
at German system supplier, GS Electronic, 
observed that the main customer drivers 
are tighter accuracy specifications driven 
by the shrinking dimensions of electronic 

components and circuits, and the need to offer 
customised solutions. 

Although logistical problems related to the 
covid pandemic meant that GS Electronic 
could not have a laser trimming system on 
display at this years’ Productronica event, 
Schuhmann confirmed that the company 
did have posters, flyers and laser trimming 
customer service experts at its booth. 

Foil cutting
Dr Gernot Schrems, head of product 
management at Austrian company, Just Laser 

– which manufactures laser engravers, cutters 
and markers – reported a trend for cutting thin 
metallic foils in electronics manufacturing, 
including single foils or compounds with metal 
and polymer. ‘These foils can be cut up to at 
least 0.5mm thickness using a super-pulsed 
CO2 laser. A standard 400W sealed-off, RF-
excited CO2 laser delivers 500-600W of peak 
power. This is not sufficient for metallic foils. 
Using a super-pulsed laser with a peak power 
above 1,000W leads to a nice quality cut with 
high throughput,’ he said.

According to Schrems, the capabilities of 
CO2 lasers are far from being ‘maxed out’, with 
recent developments in power electronics 
yielding high emitted power from antennas 
into laser resonators. l

“Whether rigid, 
rigid-flex or flex 
materials, laser 
processes must 
be adapted to 
specific material 
requirements”

LP
KF

Watch video online

Learn how Coherent's LEAP series excimer 
lasers are used in Solmates' pulsed laser 
deposition equipment, which is playing a key 
role in the development of future chip designs.

www.lasersystemseurope.com/content/coherents-leap-
series-excimer-lasers-aid-development-future-chip-designs
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Technically clean-cut edges ensure high PCB edge quality, and allow – with a full-perimeter cutting 
via laser technology – for significant material savings, compared to conventional mechanical 
depaneling processes

https://www.lasersystemseurope.com/content/coherents-leap-series-excimer-lasers-aid-development-future-chip-designs
https://www.coherent.com/


The joining of polymers via 
laser welding is an established 
process in the plastics industry, 
and also in others such as 
the automotive, medical and 
consumer industries. The most 
commonly used technique, 
through-transmission welding, 
joins two components in an 
overlapping arrangement with 
a single laser beam source. 
The upper joining part is 
laser-transparent, so the laser 
beam transmits through this 
part and is focused onto the 
lower laser-absorbing part. The 
laser energy is absorbed in this 
part and warms it up directly. 
Through heat transfer, the 
upper part also heats up and 
plasticises, creating a material 
bond with the lower part. 

A diode laser with a 
wavelength of approximately 
800nm to 1,000nm is commonly 
used for this process. In 
this wavelength range most 
engineering plastics show a 
relatively high transmission 
– most natural, uncoloured 
materials can be used as 
the transparent joining part. 
Through the use of additives, 
for example carbon black, the 
laser absorbing properties can 
be adjusted for the lower part.1,2

This process has some 
disadvantages, however, mainly 
because of its dependency 
on heat transfer. A high 

geometrical accuracy is crucial 
for the process to maintain 
proper thermal contact 
between the parts – gaps in 
the joining interface can hardly 
be bridged. Because the upper 
joining part is warmed up 
mainly through heat transfer, 
a temperature gradient 
develops between both parts, 
potentially leading to residual 
stresses. These effects carry 
the risk of limiting the process 
window and reducing the weld 
seam quality.3

A state-of-the-art approach 
to reducing these drawbacks 
is the so-called hybrid 
welding technique. Secondary 
radiation (commonly from a 
polychromatic light source) 
supplements the primary laser 
beam source to warm up the 
upper joining part directly and 
reduce the dependency on 
heat transfer, thus decreasing 

the residual stresses and 
geometric challenges.4

A new approach 
Evosys has developed an 
alternative approach to polymer 
joining, called advanced 
quasi-simultaneous welding 
(AQW). In the newly developed 
process variant, the primary 
laser source, a diode laser 
with a wavelength of 980nm, is 
supplemented with a secondary 
laser source, a fibre laser with 
a deviating wavelength of 
1,940nm. At the wavelength of 
the secondary radiation, most 
engineering plastics show a 
relatively low transmission, 
so with this wavelength it is 
possible to heat the upper 
joining part more directly. Both 
laser sources are switched on 
in an alternating time pattern, 
with the length and variation 
of the pulses being adjusted 
to fit the welded material. In 
contrast to simultaneously 
irradiating the plastics with 
both beam sources, this 
method, combined with a 
purposeful selection of the 

Advanced quasi-simultaneous 
welding enhances polymer joining

Lea Sauerwein, Christian Ebenhöh 
and René Geiger, of Evosys Laser, 
describe the development of  
a new optimised polymer  
welding process 

applied wavelengths, enables 
the deposition of a selective 
amount of energy into each 
joining part and thereby leads 
to a more controllable and 
efficient process.

The spot diameters of 
both laser beams can be set 
individually to fit the welded 
product by focusing both 
beams separately using a 
specially designed beam 
expander, and then combining 
them. By using two laser 
beam sources it is possible to 
integrate the new technique into 
systems with a galvanometric 
scanner. This is necessary for 
a quasi-simultaneous welding 
process, where the weld seam 
is not only irradiated once, as 
is the case in contour welding, 
but multiple times with a high 
feed rate.

Putting it to the test
Different tests were carried 
out with polycarbonate to 
investigate the benefit of 
AQW. Welding time and tensile 
strength were investigated, 
the latter being an indicator for 

It is possible to integrate the 
new technique into systems with a 

galvanometric scanner
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the weld seam quality. Cross 
sections through the weld seam 
were also produced to evaluate 
the size of the weld nugget in 
the laser-transparent part.

The welding time can be 
analysed when employing a 
so-called collapse-controlled 
welding process. The weld 
seam plasticises (quasi-) 
simultaneously, resulting in 
a movement of the laser-
transparent part towards the 
absorbing part, which is called 
the welding collapse. It can be 
measured by a tactile distance-
measuring sensor. A welding 
collapse of 0.2mm and a laser 
feed rate of 800mm/s were 
set to reflect typical industrial 
mass-production parameters. 
The welding time until reaching 
the welding collapse, and the 
total collapse after a certain 
cooling time, were measured.

To investigate the influence of 
the new process on the welding 
time, the upper process limit for 
the two conventional processes 
(each with only one laser 
source) were first determined. 
The laser power was set to the 
highest possible level that does 
not lead to negative effects, 
such as burn marks or thermal 
decomposition of the base 
material in the weld seam. In a 
second step, both lasers were 
alternated in a sequential time 
pattern, but with the same laser 
powers as the first step. The 
welding times until reaching 
the set welding collapse 
were compared for each 
different process.

To test the tensile strength 
of the samples, the parts 
were arranged in a flat-to-flat 
overlapping geometry and 
welded with a fixed number 
of overruns. The parameters 
feed rate, clamping force and 
AQW frequency were set as 
they were in the previous tests, 
which were conducted using a 
T-joint geometry. Additionally 
to the parameters investigated 
before, the impact of the energy 
delivered by the two lasers – 
that is, more laser power from 
the primary laser source in 
combination with less power 
from the secondary – was also 
determined. The laser powers 
of the standard processes were 

set as 100 per cent laser power. 
Hence 120 per cent primary 
radiation, for example, meant 
the laser power was increased 
by 20 per cent, in comparison 
to the standard process. To 
keep the total amount of energy 
constant in all variations, when 
increasing the primary laser 
power by 20 per cent, the 
secondary laser power was 
decreased by 20 per cent.

Results
With a welding collapse of 
0.2mm, the upper process limit 
was reached for the primary 

laser source at a laser power 
of 50W, with the secondary 
laser source at 51W. It was not 
possible to improve the welding 
time further by increasing the 
laser powers, as this leads to 
negative effects, as mentioned 
previously. When using AQW, 
the lasers were alternated 
with a switching frequency 
of 100Hz. The laser powers 
were the same as those in 
conventional processes. As can 
be seen in figure 1, a significant 
reduction in the welding time – 
by approximately 10 per cent 
– was achievable with AQW, in 
comparison to the standard 
process with only one laser 
source. This reduction of the 
welding time is not limited to 
certain feed rates, as it can 
be reproduced at different 
feed rates.

When investigating the 
tensile strengths, the new 
process was compared to the 
standard processes, as it was 
in the previous test. As can be 
seen in figure 2, the samples 
welded with only the primary 
laser source were the relevant 

comparison in this process, as 
the ones welded with only the 
secondary laser source showed 
a significantly lower tensile 
strength. Parts welded with the 
same amount of energy as the 
primary and secondary laser 
source showed a similar tensile 
strength as those welded with 
only the primary laser source. 
Whereas it could be seen that 
parts welded with a greater 
amount of primary laser power 
show higher tensile strengths. 

The best results were 
achieved with 140 per cent 
primary radiation and 60 per 
cent secondary radiation. 
Welding with the AQW process 
has an influence on the 
height of the weld nugget in 
the laser-transparent part, 
confirming that this process 
leads to an increase of the 
plasticised material in the 
laser-transparent part through 
direct heating.

Conclusion and outlook
In multiple trials, the benefit 
of the newly developed AQW 
process was confirmed. 
Purposeful selection of the 
applied wavelengths and 
enhanced system technologies 
enable a more efficient 
process with improved weld 
seam quality. A reduction of 
about 10 per cent in welding 
time is possible through the 
direct and controlled heating 
of each joining partner by 
laser radiation. By increasing 
the amount of plasticised and 
fused material in the laser-
transmissive part, the weld 
seam strength and quality 
is increased. l

Figure 2: Increased tensile strength and weld nugget height achieved using 
advanced quasi-simultaneous laser welding

Figure 1: Reduced welding times achieved using advanced quasi-
simultaneous laser welding.

Figure 3: A weld nugget can be seen 
in this joined laser-transparent part
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Since becoming the editor of 
Laser Systems Europe and 
having numerous conversations 
with experts regarding safety 
in laser materials processing, 
one message has been made 
abundantly clear: ‘Put it in a box.’

Now this phrase, while 
elegantly simple at first glance, 
doesn’t just refer to putting a 
laser in an enclosure or machine 
where the optical radiation 
can’t escape. It means putting 
an entire laser process into an 
enclosure armed to the teeth 
with interlocks, fume extraction 
technology, protective glass, 
bright LED signage, and 
backscatter sensors that 
detect as soon as the laser 
starts moving off-course. Once 
the laser shuts off at the end 
of processing, only after the 
enclosure has been completely 
ventilated of tiny, cancerous, 

combustible particles, should 
a person actually be allowed 
to enter.

At first glance, however, the 
relatively recent emergence 
of handheld laser welding 
equipment appears to contradict 
this strict ideology.

As an application, handheld 
laser welding promises a 
number of benefits, including: 
low running costs; minimal 
set-up requirements; ease of 
use; highly efficient, fast and 
flexible processing in spatially 
challenging environments; 
minimal consumables and 
post-processing requirements; 
and most importantly, high-
quality welds of both similar and 
dissimilar materials of different 
types and thicknesses.

But to enable all this, a person 
must be in the room holding the 
laser, which violates the core 
principle of ‘put it in a box’.

This certainly isn’t to say 
that manufacturers of these 
systems have thrown all safety 
precautions to the wind. On the 
contrary, looking around I can 
see many of these systems are 
equipped with safety features 
such as multi-trigger/pedal 
activation, active laser emission 
indicators, and contact sensors 
that shut off the beam as soon 
as the system moves away from 
the workpiece. With regards 
to safety enclosures, PPE and 
fume extraction, while most 
system manufacturers express 
the need for safety goggles 

when using their handheld laser 
welders, those also suggesting 
the use of equipment such as 
gloves, welding helmets, fire 
retardant clothing, barriers and 
fume extractors are by far in 
the minority.

This also isn’t to say that 
those particular system 
manufacturers making little to 
no safety recommendations are 
at all in the wrong. As we find 
out later in this article, as long 
as these systems are sold as 
Class-4 lasers, the responsibility 
of their safe usage is passed 
entirely onto the customer.

However, regardless of 
the safety recommendations 
provided with the equipment, 
and regardless of the 
precautions taken when using 
it, as handheld laser welding still 
requires a person to be present 
in a ‘box’ with an exposed high-
power beam, this presents a 
number of risks.

Consulting with the experts
To get an idea of these risks, I 
approached two experts who 
between them have decades of 
experience in laser safety.

My first contact is John 
Tyrer, a professor of 

Questioning the 
safety of handheld 
laser welding

Matthew Dale asks 
experts whether this 
emerging application 
poses any risks  
to the user

optical instrumentation at 
Loughborough University and 
managing director of safety 
firm Laser Optical Engineering. 
He is: a frequent chair of the 
Laser Institute of America’s 
International Laser Safety 
Conference (ILSC); an organiser 
of Public Health England’s Laser 
Safety Forum; responsible for 
the high-power laser safety 
standards in the International 
Electrotechnical Commission 
(IEC); and a provider of laser 
safety training for 25 years.

Before our conversation even 
began, he referred me to clauses 
from the UK’s 2008 Supply of 
Machinery Safety Regulations, 
which he explained is derived 
from an EU directive (see panel 
below).

Tyrer noted that a handheld 
laser welding system is definitely 
considered machinery, and 
so should abide by the above 
regulations – at least in the UK 
and EU.

Fire, explosions, skin rashes 
and cancer
First off, Tyrer explored the 
common recommendation 
that goggles must be worn 
when using handheld laser 

“If inhaled, 
welding fumes 
can kill you – 
not instantly, 
but in 10 to 20 
years’ time, 
and in a very 
nasty way”

UK 2008 SUPPLY OF MACHINERY 
SAFETY REGULATIONS
1.5.12. Laser radiation
Where laser equipment is used, the following should be taken 
 into account:
• Laser equipment on machinery must be designed and  

constructed in such a way as to prevent any accidental radiation
• Laser equipment on machinery must be protected in such a 

way that effective radiation, radiation produced by reflection or 
diffusion and secondary radiation do not damage health

• Optical equipment for the observation or adjustment of laser 
equipment on machinery must be such that no health risk is 
created by laser radiation

1.5.13. Emissions of hazardous materials and substances
Machinery must be designed and constructed in such a way that 
risks of inhalation, ingestion, contact with the skin, eyes and 
mucous membranes and penetration through the skin of hazardous 
materials and substances which it produces can be avoided.

Where a hazard cannot be eliminated, the machinery must be 
so equipped that hazardous materials and substances can be 
contained, evacuated, precipitated by water spraying, filtered or 
treated by another equally effective method.

Where the process is not totally enclosed during normal 
operation of the machinery, the devices for containment and/
or evacuation must be situated in such a way as to have the 
maximum effect.
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welding systems. Goggles are 
worn because a laser beam is 
considered capable of damaging 
the eye if it is viewed closer 
than the calculated nominal 
ocular hazard distance (NOHD), 
where it would exceed the 
maximum permissible exposure 
(MPE) limit of the eyes set out 
by law. If the operator and any 
nearby colleagues are within 
the NOHD of the handheld 
laser welder, they must wear 
goggles to protect their eyes 
– not only from viewing the 
beam directly, but also from any 
reflected radiation.

‘When you see people 

use handheld welding 
equipment, they aren’t working 
perpendicular to a surface, 
they’re working at an angle,’ 
said Tyrer. ‘Now, if it's an 
approximately 1μm wavelength 
fibre laser, and it's welding steel, 
then it’ll exhibit around 50-60 
per cent coupling. That means 
anywhere up to 50 per cent of 
the energy can be reflected 
off – even more in the case of 
a specular reflection. Looking 
at the scatter characteristics 
coming out from the workpiece, 
you get a very nasty cone of 
energy coming out that also 
contains a fair amount of the 

main beam. On some of these 
lasers, the NOHDs I've seen are 
in the range of metres, up to tens 
of metres!’

In Tyrer’s eyes, however 
– which you’ll never find 
covered with a pair of goggles 
(Loughborough University 
proudly went goggle-free in 
recent years) – wearing safety 
eyewear around a materials 
processing laser doesn’t ensure 
anywhere even remotely close 
to complete protection. This 
is because, according to him, 
not only can many materials 
processing lasers penetrate 
goggles in a matter of seconds, 

but the reflected radiation from 
laser welding (and all laser 
materials processing for that 
matter) is capable of doing far 
much more than damaging 
the eye.

‘I look after the high-power 
laser safety standards in the 
IEC,’ he said. ‘We had a meeting 
recently between the conveners 
from different sectors, and 
in this meeting I warned that 
we’re seeing a big rise in these 
handheld systems. Others in the 
meeting pointed out that surely 
those around the equipment 
could simply put goggles on, 
and I had to say, “No! It sets fire 
to everything – clothing, hair, 
even the fabric of the building 
itself”. I was told I was being 
reactionary and that they’ve 
been doing this for 30 years, 
but I brought up the fact that 
we haven’t had handheld lasers 
until recently. They said, “Well, 
it won't be a problem, will it?“, 
and I had to say, “How long do 
you want to wait before the 
first big explosion happens?”. 
The fume is going to consist 
of particulates. In aluminium 
welding, for example, this will be 
fine particulates of aluminium. In 
oxygen, these will ignite and up it 
will go. If you want to accelerate 
an explosion, you add fine 
particulates of aluminium.

‘So this idea that you and 
anyone standing around 
watching can just wear a pair 
of goggles is ridiculous,’ Tyrer 
continued. ‘They might have 
a pair of goggles on, but their 
hair could suddenly catch fire, 
or their overalls will catch fire... 
I really am not messing around 
here you know! And if the Health 
and Safety Executive (HSE) 
gets called in due to such a 
fire, they won’t just shut down 

“These guards 
are so effective, 
they transform a 
handheld laser 
device into a 
Class-1 laser 
product”

g

Handheld laser welding (above) and cleaning (below) systems promise flexibility in processing, but present numerous 
hazards that must be dealt with before they can be used safely
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g your handheld laser welding 
equipment, they’ll shut down 
every single laser machine your 
company owns, which could lead 
to huge profit losses.’

Fires and explosions aren’t 
the only risks associated 
with reflected laser radiation, 
however. It was Tyrer himself 
who started working with 
the UK’s Health and Safety 
Laboratory (HSL) many years 
ago to conduct laser fume 
diagnostics and determine the 
dangers they pose when inhaled.

‘Let me give you an example,’ 
he said. ‘When you process 
stainless steel with a laser, 
its chromium and nickel 
components are released as 
microscopic particles. If any 
of these metal vapours get on 
your hands, or any exposed skin 
for that matter, you’re risking 
contact dermatitis. This could 
lead to skin rashes on your arms 
and legs. Also, if inhaled, these 
fumes can kill you – not instantly, 
but in 10 to 20 years’ time, and in 
a very nasty way.’ 

Tyrer reinforced his points by 
saying that despite being the 
most prominent hazard when 
working with lasers, no-one in 
the UK is yet to die from being 
hit by a laser beam. Instead, 
150 people in the country have 
died since records began from 
fires that have been ignited by 
lasers, and at least 50 people 
die each year from cancers 
and respiratory diseases 
caused by the inhalation of 
breakdown products from 
laser processing.

Therefore, it is key that 
dedicated laser fume extraction 

technology is used in an area 
where laser processing is taking 
place. Tyrer noted that he’s 
previously seen laser safety 
officers who believe they’ve 
installed proper fume extraction 
technology, but instead have 
turned out to just put big 
extractor fans in the ceiling of 
their laser enclosure. ‘All that 
does is drag the air out, rather 
than dealing with the harmful 
fumes themselves,’ he said. 
‘Does a kitchen extraction 
fan remove all the smells 
when you’re cooking? No! The 
principle is the same with fume 
extraction in laser processing. 
Dedicated laser fume extraction 
systems are needed that remove 
all the microscopic particles 
from the air.’

With regards to how to 
determine when an area is 
safe for entry following laser 
processing, Tyrer said it’s right 
there in the governmental 
regulations of each country. ‘In 
the UK, for example, only until an 
enclosure has been ventilated 
of hazardous materials and 
substances to the point where 
an employee won’t be exposed 
to levels above those set out in 
the HSE’s EH40/2005 Workplace 
exposure limits can a worker 
legally be allowed to enter.’

Counterpoint
I therefore asked Tyrer: ‘So, 
would it become safe if someone 

used a handheld laser welding 
system within a fully equipped, 
interlocked laser enclosure 
where a fume extraction nozzle is 
placed right next to the process, 
and where anyone inside is 
required to wear a welding helmet 
with infrared radiation protection, 
laser safety goggles, leather 
gloves and flame-retardant 
clothing covering all their skin?’

‘It wouldn’t make any 
difference,’ he remarked. ‘First of 
all, regarding the flame retardant 
clothing: this doesn’t mean it’s 
fireproof, it means it is much 
harder to ignite. What will end 
up happening is the reflected 
radiation will still heat up the fire-
retardant coating and continue 
to do so until it ends up being 
destroyed and the material gets 
ignited anyway. The hazard still 
hasn’t been dealt with, therefore 
this can’t be worn as PPE for this 
application. Secondly, regarding 
the fume extraction: I’ve done 
numerous fume analyses that 
have revealed lethal, cancerous, 
combustible particles get 
ejected from welding processes 
in a scatter pattern so quickly 
that even if the nozzle is right 
next to them, it has no chance 
of capturing them all. This is why 
an enclosure containing such an 
application needs to be cleared 
of these particles – to safe levels 
as governed by regulations – 
before anyone should be allowed 
to enter.’

Risk management
My next contact is David 
Lawton, European market 
development manager for 
US laser safety equipment 
manufacturer, Kentek. Between 
that and his previous role at UK 
laser safety firm, Lasermet, he 
has over a decade of experience 
advising customers on laser 
safety.

‘Handheld laser welders 
without a doubt have a 
place, but they’re extremely 
dangerous,’ he began. ‘They 
enable flexible manipulation of a 
powerful beam over a workpiece 
and allow you to access areas 
you could never get a robot into, 
but there’s lots of lessons to be 
learned before they can be used 
safely. 

‘First of all, in its current state 
the equipment itself will always 
need to be sold as a Class-4 
laser device – it can't be sold as 
anything else. And so straight 
away, if you have one of these, 
you’ll need a laser safety officer, 
a laser protection advisor or a 
competent person, and you’ll 
need all the mechanisms and 
risk assessments that go along 
with it. You won’t be able to 
escape any of that.’

To put his points into context, 
Lawton ran me through the 
usual procedure of setting up a 
laser process safely.

‘The principles behind laser 
safety are actually quite simple,’ 

“At kilowatt-
level laser 
materials 
processing, to 
my knowledge 
no PPE exists 
that can 
protect you 
from a specular 
reflection”
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he said. ‘You create a laser 
controlled area, and then make 
sure the radiation is contained 
within that area. Now, for a 
typical laser system, the laser-
controlled area is inside the 
machine itself, with nobody able 
to gain access until the laser 
shuts off. In a lab in a university 
or a room in a production facility, 
the room itself can become 
the laser-controlled area. You 
need safety windows or blinds/
curtains, LED signage warning 
of the laser being active, and an 
interlock on the door linking to 
the laser. While someone can 
technically be inside this area 
(provided there is no risk of 
them being exposed to radiation 
levels/hazardous materials and 
substances exceeding the legal 
limits) the HSE is now driving 
more towards putting the whole 
process in an inaccessible 
enclosure. And I agree with this 
where it’s practicable.’

Lawton then highlighted a 
particular challenge of laser 
welding that could increase the 
difficulty of ensuring personnel 
safety around a handheld 
system: ‘During the process you 
create a weld pool of molten 
material and move that along 
the weld seam. The problem is 
that molten material is a really, 
really, really good reflector. In 
addition, the weld pool is quite 
often quite spherical as well, or 
it's at least certainly not flat. So, 
you've now got the chance of 
the beam bouncing off the weld 
pool in virtually any direction. 
Another issue is the fact that 
due to the excellent reflective 
properties of a weld pool, this 
bouncing could be in the form 
of a specular reflection rather 
than a diffused reflection, which 
means anywhere up to 60-70 
per cent of the energy that's 
coming in can come straight 
back out again. Once you reach 
kilowatt-level laser materials 
processing, to my knowledge no 
PPE exists that can protect you 
from such a specular reflection.’

At this point, you may be 
wondering whether it is actually 
possible to use handheld laser 
welding equipment in its current 
state in compliance with UK and 
European safety regulations. 
With the number of factors 

involved, however, this is a 
matter best left for the safety 
officers of manufacturing firms 
– and ultimately the HSE if they 
get called in – to decide.

Whether such equipment can 
be sold within UK and European 
regulations is a far simpler 
matter. ‘As long these systems 
are always classified and sold 
as Class-4 laser devices, then 
it’s completely legal for them 
to be sold,’ said Lawton. ‘This 
is because the onus of making 
it safe and using it safely is 
completely on the customer.’ 

He continued: ‘Whether it 
is possible to use them safely 
within regulations, however...
the risks of traditional handheld 
welding are huge as it is, now 
add in the additional risks 
of using a laser; welders will 
need to be told that this isn’t 
a traditional welder and the 
radiation can be reflected away 
from the process area. These 
risks need to be managed in 
accordance with the regulations 
of the region they exist in. 
The simplest way to manage 
these risks is to turn the whole 
device into a Class-1 laser 
product. This then bypasses 
the requirement for any sort of 
risk assessment, any sort of 
safety training, the need for a 
laser safety officer or advisor, 
you just plug it in and go. That's 
why there is such a drive from 
customers and end users to 
have Class-1 laser products.’

During normal operation, 
a Class-1 laser product will 
never expose the user to 
anything above Class-1 levels 
of radiation, which cannot harm 
humans. A Blu-ray player is a 
good day-to-day example: it is 

a completely safe product that 
anyone can use, however, it 
contains a Class-3 laser.

From Class-4 to Class-1
Therefore, the simplest way 
for handheld laser welding 
systems to be made totally and 
unquestionably safe for the 
user, is to turn them into Class-1 
laser products. But is this 
even possible?

According to Tyrer, ‘yes’ is 
the simple answer. He made his 
point by first explaining that the 
fire and fume hazards that exist 
for handheld laser welding also 
exist for handheld laser cleaning 
– another application on the 
rise, where the beam is often 
hitting the processing surface at 
an angle.

‘We've genuinely had 
companies come to us and say, 
“We have this opportunity to 
use this handheld laser welder 
or cleaner, but we're really 
conscientious because we have 
our operators working in big 
yards or on big building sites – is 
this safe?” and we’ve said “No, 
not at all”, and they say, “But 
we’ve been told it is safe,” and 
I say, “Go on then, I see you're 
processing stainless steel, 
I'll give you 10 years before 
you start getting respiratory 
problems, skin issues and 
unknown bleeding in various 
parts of your body.” 

‘And so we've been working 
with companies developing 
and using these systems and 
adjusting them so the beam hits 
the surface perpendicularly. 
That's better as it means the 
backscatter comes straight 
back up, and then you can put 
a guard over the whole process 
that collects the scattered 
radiation. These guards not only 
capture the backscatter, but 
also contain fume extraction 
technology, contact sensors 
and backscatter sensors. 
If these sensors detect the 
guard moving away from the 
surface at all, or that the laser 
is no longer hitting the target, 
then it turns the laser off within 
a microsecond.’

Tyrer explained that such 
guards – which he emphasised 
can be developed for both 
handheld laser welding and 

cleaning equipment – are so 
effective they transform a 
handheld laser device into a 
Class-1 laser product, meaning 
anyone can use it and observe 
the process safely without 
the need for goggles, masks, 
safety training, or any external 
fume extraction technology. 
‘These guards are not only 
effective, but also so much more 
affordable and convenient than 
laser safety enclosures,’ he 
remarked. ‘I believe that, in time, 
as people recognise the risks 
associated with handheld laser 
materials processing systems, 
these guards will be sold with 
them as standard.’

When asked for images of 
such guards, Tyrer explained 
that a provider of handheld 
laser systems he’s worked with 
to develop them would not 
like them to be released, as 
they would like to maintain the 
competitive advantage that they 
believe they will have over their 
competitors once the system 
hits the market.

Until then, however, if you 
decide to purchase a handheld 
laser welding system for your 
business, as highlighted by 
Lawton, you’ll need to perform 
numerous risk assessments, 
employ the necessary 
laser safety personnel, 
undertake any required 
safety training, purchase the 
essential safety equipment, 
and take all the additional 
precautions associated with 
wielding a Class-4 laser. More 
importantly, as highlighted by 
both experts, these systems 
must also be used in a way 
that does not expose the 
user to levels of radiation 
and hazardous materials 
exceeding the limits dictated 
by governmental regulations – 
unless you wish to risk incurring 
the wrath of the HSE! l

Share your experiences
Has your firm purchased and 
successfully used a handheld 
laser welding system? What have 
your experiences been and how 
did you ensure maximum user 
safety? Let us know at:  
editor.lasersystems@
europascience.com

“In its current 
state, handheld 
welding 
equipment will 
always need 
to be sold as a 
Class-4 laser 
device”
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Dave MacLellan, 
executive director of 
AILU, shares the topics 
covered at a recent 
digital manufacturing 
workshop

AILU’s first live event of 2021 
was a hybrid meeting combining 
the best of live events and 
online webinars. It offered the 
opportunity to network and 
catch up with new connections 
and old friends – and those 
who were remote (in USA or 
Europe) could still present live 
to the online and live audiences. 
The topic of the workshop was 
digital manufacturing. Advances 
in artificial intelligence (AI), 
machine learning and neural 
networks were shown to 
be transforming the quality, 
reliability and accuracy of 
laser processing. 

Monitoring status
Presentations from Trumpf 
and Precitec (both speakers 
remotely presenting to the 
combined audience) highlighted 
two ways in which connectivity 
and data collection can 
improve the monitoring of 
production status. 

From Trumpf, production 
can be monitored remotely 
with a dashboard showing 
machine status and predicted 
maintenance intervals to avoid 
unplanned downtime. 

From Precitec, the real-time 
monitoring of weld penetration 
is something that automotive 
and other safety-critical 
markets have been seeking for 
a long time – especially when 
welding reflective materials, 
such as copper, gaps and 
surface contaminants, which 

cause unpredictable results. The 
use of AI to learn to differentiate 
pass and fail from a quality 
view enhances the automatic 
inspection and enables results 
to be obtained better and faster 
than what can be achieved by a 
human operator.

Detecting defects
Vision Intelligence explained to 
attendees the current problem 
of a skilled workforce nearing 
the age of retirement, combined 
with the fact there is still an 
overwhelming majority of tasks 
yet to be automated. AI allows 
operator skill to be captured 
and knowledge to be embedded 
in a system rather than a 
human brain. Much interest in 
this from the audience led to 
several questions. This theme 
was also picked up by Brunel 
University, where vision, deep 
learning and neural networks 
have been used to learn the 
appearance of manufacturing 
defects or contamination of 

opto-electronic devices. The 
goal is again to take decisions 
faster and more accurately than 
a human inspector. 

Big data modelling
Oxford Lasers has researched 
the use of data acquisition 
to remove errors caused by 
‘warm up’ pointing instability, 
and to improve the accuracy 
of machining on angled planes 
and process optimisation. In 
the research, carried out with 
Southampton University, the 
interaction of light and matter 
is modelled to allow prediction 
of ablation depths by modelling 
femtosecond micromachining 
with a neural network. 

Cranfield University (host 
venue for the workshop) 
presented how acquiring data 
for real-time analysis in welding 
can present challenges when it 
comes to processing the data 
at speed to achieve closed-
loop control – where weld 
performance is corrected on the 
fly, rather than being analysed 
on completion. 

Lens advances
From the manufacturers 
of lenses, Optotune and 
PowerPhotonic, came two 
fascinating presentations. 

At Optotune, focus tuneable 
lenses are supplied for dynamic 
focusing of curved or stepped 
surfaces for laser marking 
or machining – these have a 
dual function of laser marking 

and post-process inspection. 
Small lenses are also used in 
smartphones and microscopes 
to improve the quality and ease 
of acquiring sharp images. 

PowerPhotonic produces 
beam shaping and 
homogenisers. These lenses 
can be produced using laser 
machining (initial roughing 
followed by surface smoothing) 
and the process of going from 
design to finished product is 
all-digital, cutting out process 
steps and human input to 
achieve the finished products.

Accurate machining
The final presentation topic was 
on motion systems, where Physik 
Instrumente (PI) and Aerotech 
both presented remotely from 
the USA. Motion controllers 
now use adaptive control with 
look-ahead functions (Aerotech) 
and optimised pulse positioning 
and triggering for high speed 
processing with a tight radius (PI). 

The next AILU workshop will 
be a free webinar sponsored by 
the universities of Manchester 
and Loughborough on 2 
February, on Low Carbon 
Laser Manufacturing, which will 
look at research into process 
monitoring and optimisation to 
reduce carbon in all aspects of 
the laser processing field. l

Automation & AI driving 
innovation in manufacturing

“Vision, deep 
learning and neural 
networks have 
been used to learn 
the appearance 
of manufacturing 
defects or 
contamination of 
opto-electronic 
devices”

www.ailu.org.uk/events
info@ailu.org.uk
+44 1235 539595

Powerphotonic has adopted an all-digital approach to designing and 
producing its optics, such as this optical array 
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Print Genius 150
The Print Genius 150 is Prima Additive’s 
new powder bed fusion printer. The machine 
features a 300W infrared laser and a 200W 
green laser, which can work alternately on 
the same work area. In this way, it is possible 
to select the best wavelength for processing 
different materials. For instance, infrared 
radiation can be chosen for steel alloys, 
titanium, nickel and chromium-cobalt, while 
green radiation is suited to highly reflective 
materials such as pure copper and aluminium. 
The system offers a build volume with a 
diameter of 150mm and a height of 160mm. 

It is possible to equip the machine with 
several different options. These include a 
system to vary the position of the laser beam 
focus according to the application, a double 
pre-heating system to heat the surface of the 
powder bed both from above and from below 

(up to 300°C), a high-speed coaxial pyrometer 
to control the temperature in real-time, and 
two cameras to monitor the process and the 
powder bed. All process parameters, such as 
laser power, layer thickness, scanner speed, 
and so on, can be set in real-time during the 
job.
www.primaadditive.com

DLightS 
Focuslight Technologies has launched 
the DLightS series diode laser system 
for laser wafer annealing. This system 
combines eutectic bonding technology, 
thermal management and thermal stress 
control for photon generation and beam 
transformation, and beam homogenisation 
technology for photon control.

DLightS generates a 70μm, extremely 
narrow line laser beam with an aspect 
ratio of 160:1. Such a system provides 
continuous energy output up to 1,800W/
mm2, which can achieve over 95 per cent 
beam uniformity and over 98 per cent 
output power stability. At the same time, 
it also has additional functions such as 
processing temperature monitoring and in-
situ detection of output beam quality.

Laser annealing is one of the key 
processes in logic chip manufacturing with 
28nm technology nodes and below. The 
process heats the wafer surface atomic 
layer to more than 1,000°C in less than 
1 millisecond, and then cools rapidly, to 
effectively reduce wafer electrode defects 
in the process, and to improve product 
performance and production yield.
www.focuslight.com

PRODUCT
UPDATE

LFT-500 Series
Bold Laser Automation has introduced the 
LFT-500 Series laser functional trimming 
platform, for the manufacture of precision 
sensor devices in the medical, aerospace 
and commercial sectors.

Specifically built to target prototyping 
and pilot production, the platform provides 
a host of options including customised 
fixturing and test hardware. Designed for 
high-precision throughput, the LFT-500 
Series is outfitted with three wavelength 
options, including 1,064nm, 532nm and 
355nm, covering from NIR to UV.

When functionally trimming, a particular 
parameter is continuously measured and 

compared with the set value. Once the 
set value is reached, the laser cut stops 
automatically. Resistance, voltage, current, 
frequency – almost all output signals can be 
adjusted to their target value via the LFT-500 
Series tool, in conjunction with appropriate 
measuring equipment.
www.boldlaserautomation.com

ByTube Star 130
The new ByTube Star 130 is a high-end tube 
cutter from Bystronic offering precision, user-
friendliness, and a fully automatic setup with 
open profiles and ellipses, leading to greater 
flexibility and quality in production.

The system has a broad spectrum of 
applications for all metallic materials in sizes 
from 10 to 130mm, and raw material lengths 
of up to 8.5m. It has a loading capacity of 
up to 17kg/m. Available in two power levels, 
2 or 3kW, the fibre laser unit of the ByTube 
Star 130 scores points with excellent energy 
efficiency as well as consistently even cutting 
quality.

The automated system reduces manual 
intervention to a minimum and thus 
makes getting started in tube processing 
particularly easy. The additional ‘Laserscan’ 
option enables real-time tube-bending 
compensation for improved cutting precision, 
which means high accuracy is guaranteed in 
all cutting conditions, even with low-quality 
material. The ‘Quick Cut’ option offers greater 
speed for improved capacity due to an 
additional linear axis. The ByTube Star 130’s 
automatic weld seam detection enables 
automatic alignment of the weld seam to the 
desired position.
www.bystronic.com
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RenAM 500S Flex + RenAM 500Q Flex
Renishaw has launched two new 3D printing 
machines: The RenAM 500S Flex, a single-
laser machine, and the RenAM 500Q Flex, a 
four-laser machine. Both systems feature a 
simplified powder handling system, which is 
suited to manufacturers who must regularly 
swap build materials during production, pre-
production, R&D, or bureau environments.

The systems feature the same optical, 
chamber and gas-flow designs as the RenAM 
500 series and produce the same high-
quality parts, but also provide additional 
flexibility when changing powders. The 
simplified, non-recirculating powder system 
enables manufacturers to easily change 
between materials, without compromising on 
part quality or build capacity.

To avoid cross contamination, engineers 
can easily clean the system between 
powders by changing out hard to clean parts, 
rather than manufacturers having to invest in 

a new machine for each material test. Parts 
can also be swapped in again if the operator 
wants to retest the same material again, 
further reducing costs.
www.renishaw.com

MicroCell MCS
3D-Micromac has introduced an advanced 
laser cutting system for half- and shingled 
solar cells – the MicroCell MCS.

The MicroCell has been designed to 
meet the photovoltaic market’s demands 
for boosting module power output and 
service life by minimising power losses 
and providing for an exceptionally high 
mechanical strength of cut cells. It enables 
the highest throughputs for cutting cell 
sizes up to M12/G12 into half-cells or 
shingled cells.

The system takes advantage of 
3D-Micromac’s thermal laser separation 
(TLS) process for cell separation. The 
ablation-free technique guarantees an 
excellent edge quality. As a result, the 
separated cells have up to 30 per cent 
higher mechanical strength compared to 
ablative laser processes and enable a lower 
power degradation over the solar module’s 
life cycle. By significantly reducing edge 
recombination losses and setting the stage 
for cutting edge passivation, TLS has been 
shown to achieve a module power gain of 
at least 2W.
https://3d-micromac.com

3D PrintPro HT system
The new 3D PrintPro HT system 
from Bofa has been designed 
to filter the high temperature 
particulate and gases emitted 
by advanced 3D print units that 
process polymers at up to 500oC. 
Until now the high temperatures 
have created challenges for 
filtration systems that remove the 
extremely hot airborne fumes, 
gases and nanoparticles emitted 
by the process. 

The 3D PrintPro HT uses 
advanced electronics components 
and thermal insulation to deliver 
high levels of filtration performance 
in chamber environments up to 
100oC – a 50 per cent increase 
over other models in Bofa’s 3D 
PrintPro range.

This enables the safe removal 
of both potentially harmful 
airborne contaminants and 
particulate that could damage 
expensive equipment, using an 
anticipated maximum air flow rate 
of 75 cubic feet per minute.
www.bofainternational.com

SAFETY SOFTWARE

TruTops Print
Trumpf has introduced new 
TruTops Print software for 
its 3D printing systems, 
which combines several data 
preparation and planning 
steps that previously required 
multiple different software 
tools.

‘Z-segmentation’ is one of 
the most exciting features of 
the new software. This feature 
boosts the productivity of 
the system by dividing parts 
into different segments and 
assigning different parameters 
to each segment based on 
the required part quality. This 
enables the 3D printer to 

generate thicker or thinner 
layers for each part depending 
on the importance of the 
respective segment. This 
flexible approach to printing 
increases the productivity of 
the system without diminishing 
part quality.

The new software, which 
was developed with Trumpf’s 
partner Module Works, enables 
Trumpf customers to take a 
more tailored approach to 
operating their TruPrint 3D 
printers. It increases the ease 
for customers to make the 
journey from an initial idea for a 
part to the final product.
www.trumpf.com

Laser-heating systems
Hamamatsu Photonics has launched five 
laser-heating systems. The new lineup has 
optimised laser output powers and spot 
diameters, helping users select the ideal 
laser-heating system for applications such 
as laser soldering of microcomponents for 
smartphones, plastic welding of automobile 
parts, and thermal curing of adhesives to bond 
dissimilar materials.

Each of the five new systems consists of an 
LD irradiation light source, a laser transmission 
optical fibre, and a beam irradiation unit. All are 
designed and combined to exhibit optimum 
performance for specific laser thermal 
processing applications and tasks.

Two of the systems (L16470-111 + L16470-
241) are intended for soldering, another two 
(L16480-112 + L16480-344) are intended for 
the thermal curing of adhesives, while the last 
(L16490-343) is designed for plastic welding.
www.hamamatsu.com



BEAM DELIVERY

Ophir BeamSquared
MKS Instruments’ newest version 
of the Ophir BeamSquared, an M2 
laser beam propagation system, 
automatically and accurately 
measures the propagation 
characteristics of CW and pulsed 
lasers with Rayleigh length up to 
20m – from UV to NIR to Telecom 
wavelengths – in less than one 
minute. It can optionally measure 
wavelengths above 1.8µm, including 
CO2 and terahertz, in manual mode.

BeamSquared comes equipped 
with conventional focusing lenses 
of 400-500mm for use in a variety 
of continuous use applications, 
from scientific research to rapid 
prototyping to fabrication and 
machining. The newest version 
adds sets of specially calibrated 
750mm and 1,000mm lenses for 
use with long Rayleigh range lasers 
(20m) that involve both a long-waist 
location and small focal spot size; 
the lenses can be used with new and 
existing BeamSquared systems.

The included software measures 
beam propagation characteristics 
on both the X and Y axes, including 
waist diameters, full angle 
divergences, waist locations, 
Rayleigh lengths, M2 or K and 
BPP factors, astigmatism, and 
asymmetry.

BeamSquared can be mounted 
horizontally or vertically to optimise 
bench space. Its Ophir BSQ-SP920 
silicon CCD camera accurately 
captures and analyses wavelengths 
from 190nm to 1,100nm. It features 
a compact design, wide dynamic 
range, unparalleled signal to noise 
ratio, and reduced blooming.
www.mksinst.com

Firefly 3D
Arges and Novanta have released a new 
three-axis scan head solution for metal additive 
manufacturing: Firefly 3D. The scan head offers 
a compact, enclosed solution with extensive 
process monitoring capabilities, comprehensive 
data synchronisation, and is designed to 
simplify the development of multi-headed 
machine architectures.

Firefly 3D is designed for today’s serial 
production high-throughput additive 
manufacturing machines. Incorporated within 
the design are features to simplify installation 
and operation such as precise process 
monitoring and synchronised process and 
motion data. 

Key features include: 
Dedicated high fidelity 
optical process 
monitoring ports; 
simplified integration 
and a and small footprint 
thanks to a hermetically 
sealed optical 
enclosure; a high-performance digital scanning 
architecture based on Novanta’s Lightning II 
digital scanning solution; integrated sensor 
data collection and aggregation; flexible laser 
coupling solutions; and process control toolkits 
to support development of custom  
real-time process control solutions.
www.novanta.com

GarLine
Garmo Instruments has introduced 
GarLine, a new family of affordable, 
simple and high-performance weld 
seam tracking sensors.

GarLine surpasses the IP67 
insulation grade and successfully 
performs in a -10oC/60oC range. The 
new family includes a connection 
system adapted to new IoT 
technology, avoiding the need for 
additional devices. Its POE switch 
injector supports most TCP/IP 
protocols.

The new sensors are designed 
to offer easy integration to both 
PLC and Cobots, with only one 
wire being required for a complete 
integration. No more computers or 
other devices are needed. Just a 
POE switch injector.

GarLine features a disposable, 
quickly replaceable and waterproof 
protective interior window from 
Gorila Glass. The system also 
comes with an ARC-Swiss mounting 
plate with an integrated cooling 

system, which grants rapid and easy 
sensor switching.

Its electronics of four parallel 
processors and 4Gb of RAM 
computes the corrections at  
45 images per second in full 
resolution. The system includes 
a feature for dynamic adaptation 
of sensor and laser parameters 
between frames to correct 
reflection problems in applications 
involving varying material surface 
conditions.
www.garmo-instruments.com

VarioScan II
Scanlab has 
announced 
its new z-axis 
generation, 
VarioScan 
II. The innovative system design with new 
bearing technology now enables the incredibly 
compact z-axis to be integrated into a 
laser machine in any mounting orientation. 
This additional flexibility simplifies the 
implementation of different laser system 
concepts for machine builders.

The VarioScan product line is ideal for 
applications requiring f-theta lenses, as well as 
applications for which these costly lenses are 
unavailable. In the second case, the focusing 
system provides a plane focusing surface in 
addition to z-adjustment of the focus. Besides 
the processing of three-dimensional surfaces, 
classic fields of application requiring z-axis 
manipulation include additive manufacturing 
and laser cutting. In many of these 
applications, there is a trend towards higher 
laser powers, the use of ultrashort pulse lasers 
and the demand for improved image quality 
and positioning accuracy.

Switching to the new VarioScan II z-axis 
generation is simple and efficient, as all 
mechanical and electrical interfaces of the 
focusing system are designed as a drop-in 
replacement for the established previous 
model.
www.scanlab.de

AplanoXX + FoXXus Objectives
Edmund Optics now offers two new objectives 
from AdlOptica that enable a growing range 
of laser optics applications. This product 
expansion includes objective lenses 
that minimise optical aberrations 
for improved focusing and multiple 
focal depths for advanced material 
processing.

The first, AplanoXX Aplan 
Objectives, are designed for use with 
ultrafast solid-state and fibre lasers and are 
optimised for 800nm (Ti:sapphire) and 1,030nm 
(Tb:doped) wavelengths. These objectives 
compensate for spherical aberration and 
coma when focusing light into glass, sapphire, 

TEST AND MEASUREMENT

silicon carbide, silicon, PMMA, and other 
transparent materials. These objectives 

are ideal for micromachining glass, 3D 
nanofabrication, waveguide recording, 

and selective laser etching.
The second, FoXXus Multi-Focus 

Objectives, focus laser light to one, 
two, or four foci along the optical axis, 

increasing the effective depth of focus 
and enabling high-speed multilayer cutting 

of brittle materials such as glass, sapphire, and 
silicon carbide. These objectives are optimised 
for either 515/1,030nm or 1,064nm wavelength 
ultrafast solid-state and fibre lasers such as 
Yb:doped and Nd:YAG lasers.
www.edmundoptics.com
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“Learn as much as you 
can. There are many 
resources available online 
that a person can take 
advantage of”

NEWS FROM LIA

Cutting creatively:  
Laser cutting for small business
Jana Langhans of LIA takes a step back from industry and explores how laser 
cutting can be used by creative individuals to start their own business venture

Laser cutting is a huge part of the laser 
materials processing industry and 
continues to be used in many capacities. 
The process involves using a focused beam 
of light to burn, melt or vaporise material, 
typically in a custom pattern, to create a 
clean cut on a variety of materials. It is used 
in many industrial practices, such as sheet 
metal processing – an application it is likely 
to dominate over time. Laser cutting rivals 
other cutting processes, such as waterjet 
cutting, in efficiency for these types 
of projects.

Types of laser that can be used for cutting 
include: fibre, CO2 and crystal lasers. When 
the laser was first created by Theodore 
Maiman in 1960, he used a ruby laser. A few 
years later, Kumar Patel created the CO2 
laser, which replaced ruby laser cutting 
because it was more efficient. Since then, 
the fibre laser has also been invented and 
taken the industry by storm due to its 
flexibility, efficiency and affordability.

Affordability for small businesses
This past year and a half has been a difficult 
time for many, but for some people, it also 
became a time to grow creatively. Many 
people had nothing else to do during the 
pandemic except try new hobbies or revive 
old ones. A few were even able to turn those 
hobbies into a way to earn money and start 
a business. Laser cutting, specifically, has 
become an appealing option for people 
who want to get started with their own 
small business.

Laser cutting can be a good option for 
people who want to design and create 
quality products out of different materials. 
Many laser cutting machines are capable 
of more than just actual cutting, they can 

also etch and engrave materials. This makes 
lasers even more useful and versatile for 
people who use them to start a business 
from home. A person is not confined to 
one type of work, so they can make a 
variety of different products, including 
jewelry, cut out signs, or engraved cups 
or tumblers. 

The start-up cost can vary depending 
on which machine a person chooses to 
invest in, but it generally has a relatively low 
cost compared to other options out there, 
making it all the more appealing. Once you 
have purchased a machine, there is not 
much added expense to keep up with, as 
it does not use any materials other than 
the material to be cut or engraved. The 
only costs would be repairs or upkeep 
on parts for the machine, for example, or 
occasionally replacing the CO2 cartridge in 
the case of a CO2 laser.

The process of starting a laser cutting 
project from start to finish can seem simple, 

but in reality, it can require some time and 
dedication. You start with a computer-
aided design (CAD) or computer-aided 
manufacturing (CAM) program to design 
and customise what you want to cut. Just 
be prepared to take some time to learn 
and become familiar with these programs 
if you have never used them, or you could 
look for presets that are available. Once 
you have finished creating the project in 
the software and adjusted the design to 
your specifications, you can program it 
into the machine. The machine will then cut 
your material of choice into the provided g

Sheet metal processing is a common industry application served by laser cutting
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optimal and novel use of lasers, optics and 
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32826, +1 407.380.1553

materials and so has some insight on what 
works best for her and her machine. ‘So far, 
the easiest for me is engraving powder-
coated drinkware. The results are always 
the same. However, I really enjoy creating 
products (such as ornaments, coasters 
and signs) from raw materials because the 
work is satisfying. I love working with wood 
because it is versatile, beautiful, natural and 

somehow comforting. I use primarily solid 
cherry, maple and walnut on most of my 
products, but baltic birch plywood also has 
its place in my shop.’ She has also worked 
with plywood, acrylic and leather, but says 
the more you work with any material that 
agrees with your machine, the easier it 
will get. 

‘If someone is considering getting a laser 
cutter/engraver either as an add-on to an 
existing business, or as the focal point of a 
new business, here are some suggestions 
to consider:
• Learn as much as you can. There are 

many resources available online (YouTube 
and Facebook groups, for example, or 
manufacturer websites) that a person can 
take advantage of. 

• Find a laser you can play with. Some 
libraries have “maker spaces” that are 
equipped with lasers the public can use. 

• Reach out to manufacturers to learn 
about any machine you are considering 
and about support after the sale. (The 
last thing you want to do is struggle with 
a machine that isn’t cooperating, and not 
have access to technical support.) 

• Determine what you want to do with your 
laser before you buy it. There are a lot of 

factors to consider (size, speed, power, 
ability to engrave curved surfaces, ability 
to engrave or cut metal and so on). 

• Once you get a machine, play with 
it – a lot, and don’t be afraid to wreck 
some things! 

'Finally, if you are like me, you may have to 
remind yourself to be patient in the process. 
Although it feels like the road has been a 
long one, each experience or misstep has 
taught me something valuable.’ 

For people like Rachel, lasers can be used 
to create at a time when it is needed most: 
‘I realised I could use my laser engraving 
business to help spread joy in a stressed-
out world. I wanted to do something that 
caused people to smile, to connect with 
others, and to somehow shine a light into 
the darkness. That’s a tall order for a small 
business, but I don’t have to be big – I just 
have to be good. I’ve found my purpose.’

When most people in the laser industry 
talk about, or think of, laser cutting, it is 
pictured as being used commercially 
in industries such as manufacturing for 
automobiles, aerospace engineering and 
more. Although it is a huge part of those 
industries, the technology can reach 
individuals as well. The laser has come 
so far in its short history, and we have 
seen its prominent impact in almost all 
aspects of life. It makes sense then, to 
also see it encourage and enable people’s 
independence and creativity. l

design. Once you have a cut, you can 
inspect the result and make adjustments 
as needed.

Starting a small laser cutting business
To get a deeper and personal insight 
into small laser cutting and engraving 
businesses, I reached out to Rachel Kleser, 
who just started her work-from-home 
laser cutting and engraving firm, Home 
Fires Engraving. To her, starting her own 
business gave her a focus and a way 
to fill her days after moving across the 
country to deal with a family emergency. 
Although she has always had a passion 
for learning and creating, her interests 
were specifically led to laser systems by 
watching YouTube videos. ‘They captured 
my interest because I saw a tool I could use 
to not only build a business around, but also 
fuel my passion for learning and creating,’ 
she said. Rachel found an Epilog 60W CO2 
laser that seemed right for her and started 
creating personalised gifts for friends 
and family late in 2020. After receiving 
positive feedback and encouragement, she 
decided to start constructing her business. 
Here is a list of skills she had to acquire in 
the process: 
• Learning how to use a design program 

(for example, Adobe Illustrator, Corel Draw 
or LightBurn, depending on the machine 
being used and experience of the user)

• Learning how to use the laser and how to 
find the right settings according to the 
material and desired effect

• Marketing, as well as finding suppliers for 
materials and products

• Website creation – for this Rachel started 
with a WordPress site, but switched to 
Shopify, which offers tutorials and ways 
to connect with experts that one can 
hire when a site needs something more 
technical that might be prudent to try to 
accomplish on one’s own.

Another thing Rachel had to consider was 
which materials she could best work with. 
By now, she has tested out many different 

“Although it feels like 
the road has been a long 
one, each experience or 
misstep has taught me 
something valuable”
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Laser cutting can be used by crafters to produce and customise a wide range of trinkets
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APPLICATION FOCUS: MICROPROCESSING

Fast and energy-efficient 
laser writing could help 
solve ongoing data storage 
challenges

ULTRAFAST LASER WRITING 
UNLOCKS FUTURISTIC 
DATA STORAGE 

as an alternative to the current 
technologies used to store 
information. Microsoft Research 
has therefore been working with 
the University of Southampton 
and its Optoelectronics 
Research Centre (ORC) to 
develop the technology.

However, according to ORC 
researchers who recently 
published in Optica, writing 
the data fast enough into 
transparent materials with a 
high enough density for real-
world application, has so far 
proven challenging.

In the paper, the researchers 
have described their 

consequential development of 
an energy-efficient laser writing 
method that is not only fast, but 
could also store around 500 
terabytes of data on CD-sized 
silica discs, which would make 
them 10,000 times denser than 
Blu-Ray optical disc storage 
technology.

The researchers’ new 
method involves using a 
femtosecond laser with a 
high repetition rate to create 
tiny pits containing a single 
nanolamella-like structure in 
silica glass, measuring just 
500 by 50 nanometres. These 
high-density nanostructures 

In this modern information 
age where smartphones grant 
each person the capability 
of generating numerous 
gigabytes of data with ease 
through the capturing of high-
resolution photos and videos, 
it is becoming increasingly 
challenging to store the 
exponentially growing amount 
of data.

Current data storage 
technologies relied on, such 
as hard disk drives (HDDs), 
magnetic tape, and optical 
disks, are not growing fast 
enough to keep up with the 
vast amounts of digital data 
generated worldwide.

In addition, these storage 
technologies carry with them a 
number of disadvantages. For 
example, using numerous HDDs 
is not only very expensive, but 
they also exhibit high energy 
consumption and have a short 
lifespan lasting only several 
years. While magnetic tape 
is sometimes used as an 
alternative, it also exhibits a 
short lifespan, in addition to 

long average-case response 
times (increased latency when 
accessing data), which limits its 
application.

The short lifespan is 
particularly an issue as it means 
that, for example, if a petabyte 
of information is stored on 
tapes/disks, in only a few 
years’ time it will be required to 
undergo migration onto fresh 
tapes/disks to prevent the data 
being lost. With many petabytes 
of new data continuously being 
generated, the problem is 
getting exponentially worse.

Despite optical data storage 
being heralded as an energy-
efficient solution with a 
longer lifetime, the traditional 
technology of CDs, DVDs and 
Blu-Rays only has a capacity of 
hundreds of gigabits per disk. In 
addition, this longer lifetime is 
still only around a decade, which 
doesn’t provide a permanent 
solution.

Encoding data in glass
Back in 2018 at the University 
of Southampton’s Future 
Photonics Hub industry 
day, Laser Systems Europe 
first learnt of a new storage 
technology under development 
that involved using ultrafast 
lasers to scribe digital 
information into silica glass. 
Dr Benn Thomsen, senior 
researcher at Microsoft 
Research, explained at the time 
how this scribed glass, which 
unless heated to an excess 
of a thousand degrees would 
likely last forever, could serve 

“Organisations are 
generating ever-
larger datasets, 
creating the 
desperate need 
for more efficient 
forms of data 
storage with a high 
capacity”

g

Smart Scanning for Laser Marking Projects

The new SCANcube IV scan head features optional read-back 
functions, thereby providing an essential process monitoring 
component. Compared to the SCANcube III, the system linearity 
has been improved by 30 percent. The new housing design is 
both visually appealing and a functional element of the optimized 
heat management concept. One thing that remains unchanged 
in the new scan head generation is its outstanding price-
performance ratio.

The scan system can be perfectly configured for the 
required application using different tuning and mirror variants. 
In combination with an RTC control board, optional read-back 
functions for system monitoring and diagnostics are available. 
This means that the actual position, temperature and other status 
values can be queried reliably during operation.

The SCANcube IV, available to order with a 10 mm or 14 mm 
aperture, is ideally suited for marking applications.

More information:  
www.scanlab.de/en/products/scan-systems/scancube/iv-series

SCANLAB  FEATURED PRODUCT

In association with



can then be used for long-
term optical data storage. 
The format is described as 
being five-dimensional (5D), 
encompassing two optical 
dimensions plus three spatial 
dimensions. 

‘Individuals and organisations 
are generating ever-larger 
datasets, creating the 
desperate need for more 
efficient forms of data storage 
with a high capacity, low 
energy consumption and 
long lifetime,’ said doctoral 
researcher Yuhao Lei, from 
the ORC. ‘While cloud-based 
systems are designed more for 
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temporary data, we believe that 
5D data storage in glass could 
be useful for longer-term data 
storage for national archives, 
museums, libraries or private 
organisations.’

A Yb-doped Satsuma 515nm 
fibre laser from Amplitude, 
with a repetition rate of 10MHz 
and a pulse duration of 250fs, 
is used by the researchers 
to achieve writing speeds 
of 1,000,000 voxels per 
second, which is equivalent to 
recording about 225 kilobytes 
of data (over 100 pages of 
text) per second. Pulse energy 
modulation was achieved by 

the control of the electro-
optic modulator in the laser. 
The beam was focused with a 
0.60NA Olympus objective lens 
with an aberration correction 
collar 170µm below the surface 
of a silica glass substrate, 
which was mounted on an 
Aerotech XYZ linear air-bearing 
translation stage.

Rather than using the 
femtosecond laser to write 
directly in the glass, the 
researchers instead harness 
the light to produce an 
optical phenomenon known 
as near-field enhancement. 
Through their method, a single 
pulse is used to produce 
a circular nanovoid via a 
microexplosion, and then 
subsequent lower-energy 
pulses are used to elongate 
the shape of the nanovoid – via 
the near-field enhancement 
effect – to an anisotropic 
nanolamella-like structure. 
Using near-field enhancement 
to make the nanostructures 
this way minimises thermal 
damage, according to the 
researchers, which they say 
has been problematic for 
other approaches using high-
repetition-rate lasers.

Because the nanostructures 
are anisotropic, they produce 

birefringence that can 
be characterised by the 
slow axis orientation (4th 
dimension, corresponding 
to the orientation of the 
nanolamella-like structure) 
and strength of retardance 
(5th dimension, defined by 
the size of nanostructure). As 
data is recorded into the glass, 
the slow axis orientation and 
strength of retardance can be 
controlled by the polarisation 
and intensity of light, 
respectively. The laser-induced 
birefringence, retardance and 
slow axis orientation, can then 
be quantitatively analysed using 
a manually controlled optical 
microscope equipped with a 
birefringence measurement 
system operating at 546nm 
wavelength. 

‘This new approach improves 
the data writing speed to a 
practical level, so we can write 
tens of gigabytes of data in 
a reasonable time,’ said Lei. 
‘The highly localised, precision 
nanostructures enable a higher 
data capacity because more 
voxels can be written in a unit 
volume. In addition, using 
pulsed light reduces the energy 
needed for writing.’ 

The researchers used their 
new method to write five 
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APPLICATION FOCUS: MICROPROCESSING

microSHAPE – Laser Cutting of Glass Substrates

Laser processing of glass enables rapid, highly precise and highly 
reproducible processing of brittle glass substrates. Compared to 
conventional processing methods, laser processing scores with:
• Free-form geometries
• Internal contours
•  Best surfaces and edge quality
• Minimal chipping
•  Possibility for processing coated substrates
•  No masks, wear parts and other expedients necessary
In addition, the laser is ideally suited for removing coatings thanks 
to its high selectivity. 

With the microSHAPE laser systems, 3D-Micromac offers unique 
processing technologies and innovative process management 
for the cost-effective and high-quality cutting of wafers and large 
glass substrates – including ultrathin glass. 

The modular platform is designed for all ablative and non 
ablative cutting or structuring processes. This includes 
filamentation, thermal laser separation, half cut or full cut. The 
highly versatile system enables the combining of different laser 
processes, as well as processing with multiple laser process heads. 
The availability of several handling and inspection options enables 
the system to be a highly efficient production platform.

All processes meet the requirements of industrial customers 
and guarantee clean and gentle processing, as well as excellent 
processing quality.
https://3d-micromac.com
https://youtu.be/BTjctX375BU

3D-MICROMAC FEATURED PRODUCT

Laser writing of birefringence structures inside silica glass. 
(a) Schematic of laser writing setup. EOM = electro-optic 
modulator and QWP = quarter-wave plate. (b) Images of the 
slow axis azimuth of voxels written by 100 laser pulses with 
the energy of 30nJ at different repetition rates from 1 to 
10MHz; the pulse duration and wavelength in (b) are 250fs and 
515nm, respectively. Pseudo-colors (inset) indicate the local 
orientation of the slow axis
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APPLICATION FOCUS: MICROPROCESSING

“Multiplexed 
optical data 
storage.. .could 
open a new era 
in data storage 
technology”

gigabytes of text data onto a 
silica glass disc about the size 
of a conventional compact 
disc, with nearly 100 per 
cent readout accuracy. Each 
voxel contained four bits of 
information, and every two 

voxels corresponded to a text 
character. With the writing 
density available from the 
method, the disc would be able 
to hold 500 terabytes of data. 
With upgrades to the system 
that allow parallel writing, the 

researchers say it should be 
feasible to write this amount of 
data in about 60 days.

‘With the current system, 
we have the ability to preserve 
terabytes of data, which 
could be used, for example, 
to preserve information 
from a person’s DNA,’ said 
Peter Kazansky, leader of the 
research team.

He and his colleagues are 
now working to increase the 
writing speed of their method 
– it was noted in the Optica 
paper that MB/s data writing 
speed could be achieved 
using a 40MHz repetition rate 
femtosecond laser – and to 
make the technology usable 
outside the laboratory.

Faster ways of reading 
the data will also have to 
be developed to enable the 
researchers’ technique to 
be used in practical data 
storage applications. Using 
the manually controlled optical 
microscope, they currently 
achieve a readout rate in the 
order of bytes/s, however 
they explain that this could be 

The new method recorded 6GB of data in a one-inch silica glass 
sample, with each square measuring just 8.8 x 8.8mm

improved to tens of megabytes/
second using both automatic 
polarisation imaging and more 
powerful decoding algorithms 
than those currently being 
used.

‘The multiplexed optical 
data storage with merits of 
high data density, low energy 
consumption, and long lifetime 
could open a new era in data 
storage technology,’ the 
researchers remark in their 
paper. They also anticipate 
that their new writing method 
could be used for fast 
nanostructuring in transparent 
materials for applications 
in 3D integrated optics and 
microfluidics for chemical and 
biology applications. l
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El.En. S.p.A.
Via Baldanzese, 17
50041 Calenzano - Firenze - Italy
Tel. +39 055 8826807 l Fax +39 055 8832884
https://elenlaser.com

Producing innovation since 1981
El.En. is an italian laser company based in Florence. We produce CO2 
laser sources, laser scanning heads and custom laser devices for the 
manufacturing industry. With El.En. you can count on reliability, durability 
and expert technical assistance because all the core components of our 
devices are engineered and produced in-house. Our laser sources are 
geared to achieve speed, precision and ease of integration in a wide range 
of applications. This is why since 1981 we’ve been working with more than 
2000 companies worldwide, gaining a considerable experience in a wide 
range of markets. Start making with El.En!

Aerotech United Kingdom
The Old Brick Kiln, Ramsdell,  
Tadley, Hampshire RG26 5PR
Tel: +44 (0)1256 855055 
Fax: +44 (0)1256 855649 
sales@aerotech.com l www.aerotech.co.uk

Aerotech serves the unique requirements of laser processing and laser 
machining applications by manufacturing high performance systems and 
components for laser applications.
Aerotech developments in the areas of mechanics, controls, software 
and laser control have provided end users, systems integrators and 
OEMs with the best possible laser cutting, welding, etching, and marking 
systems available.

ADVERTISE HERE AND ONLINE 
For details please contact Jon Hunt on +44(0)1223 221049 

or email: jon.hunt@europascience.com 

Find the suppliers you need quickly and easily 
www.lasersystemseurope.com/suppliers

Fujikura Europe Ltd
C51 Barwell Business Park,
Leatherhead Road, Chessington, Surrey KT9 2NY, UKK
Tel: +44-(0)20 8240 2000 l Fax: +44-(0)20 8240 2010
sales@fujikura.co.uk l lasers@fujikura.co.uk
www.fujikura.co.uk l www.fiberlaser.fujikura.jp/eng

Fujikura is a global technology leader providing a wide range of Electrical, 
Optical and Fibre Laser products for diverse markets around the world.
As an established supplier of Fibre Lasers in Japan we manufacture all 
of the key parts such as pump diodes, doped fibres as well as all of the 
internal optical components in-house. Fujikura has been represented in 
Europe for over 25 years and our European operations are based in the 
South West of London.

Edmund Optics
Tel: +44 (0)1904 788600 
sales@edmundoptics.eu 
www.edmundoptics.eu

Edmund Optics® (EO) is a leading global manufacturer and 
distributor of precision optics, optical assemblies and imaging 
components with headquarters in the USA and manufacturing 
facilities in the US, Asia and Europe. With a portfolio of more than 
30.200 products, EO has the world’s largest inventory of optical 
components.

COMPLETE LASER SYSTEMS
3D-Micromac AG
www.3d-micromac.com
ACSYS
www.acsys.de
Amada Weld Tech
www.amadaweldtech.eu
Coherent-Rofin
www.rofin.com
Highyag Lasertechnologie GmbH
www.highyag.de
Kern Laser Systems
www.kernlasers.com
Keyence Germany GmbH
www.keyence.de
Laserline GmbH
www.laserline.de
Leister Technologies AG
www.leister.com
LPKF
www.lpkf-laserwelding.com
Next Scan Technologies
www.nextscantechnology.com

Precitec
www.precitec.com
Trumpf
www.trumpf-laser.com

CONTROL & GUIDANCE
Cambridge Technology
www.camtech.com
Scanlab
www.scanlab.de

LASERS

Coherent
www.coherent.com
Directed Light Inc.
www.directedlight.com
IPG Photonics
www.ipgphotonics.com
Laser Quantum
www.laserquantum.com
Photon Energy GmbH
www.photon-energy.de

Powerlase Limited
www.powerlase-photonics.com
Power Technology
www.powertechnology.com
Quantel
www.quantel.fr
RGB Lasersysteme GmbH
www.rgb-laser.com
Synrad
www.synrad.com
Toptica
www.toptica.com

OPTICS
GT Advanced Technologies
www.gtat.com

SAFETY
Brinell Vision Limited
www.brinellvision.com
Lasermet
www.lasermet.com

Laser S.O.S
www.lasersos.com
PROTECT-Laserschutz GmbH
www.protect-laserschutz.de
Purex UK
www.purex.co.uk

SERVICES
Laser on Demand
www.laser-on-demand.de
Metal Improvement Company
www.metalimprovement.co.uk

TEST & MEASUREMENT
Duma Optronics
www.duma.co.il
Gentec Electro-Optics Inc
www.gentec-eo.com 
Newson NV
www.newson.be/rhothor.htm
Ophir
www.ophiropt.com
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