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The continual mention of green 
topics in our industry’s news and 
conference proceedings reveal that 
materials processing lasers show 
no signs of slowing down in helping 
realise a carbon-neutral future. Such 
topics include e-mobility, vehicle 
lightweighting, hydrogen production/ 
storage and increasing solar cell 
efficiency, all of which are covered within 
the folds of our Autumn issue.

In the news section on page 4, half 
the featured stories cover battery 
manufacturing for e-mobility, the 
development of highly-efficient 
solar cells, and improved hydrogen 
production. On page 12 we see batteries 
will be powering electric vehicles with 
lighter chassis, thanks to dissimilar 
metal joining enabled by a new welding 
process. On page 24 we are given 
a comprehensive overview of laser 
technologies in e-mobility production, 
with TUM researchers having evaluated 
their readiness for serial manufacturing.

Battery technology is not the only 
contender for providing electrical 
energy however, with hydrogen also 
showing great promise. In addition to the 
improved hydrogen production we learn 
of in the news, on page 28 Andrew May 
shares with us his ambitions to put ES 
Precision’s newest investment to work 
in cutting components for hydrogen 
fuel cells. The new 100W fibre laser was 
purchased using a government grant 
following slowed business during the 
pandemic, so May is keen to get the 
laser involved in new projects. 

In June, AILU delivered a webinar on 
many of the above topics, highlighting 
their importance on the approach to the 
UN Climate Change Conference COP26 
in Glasgow in November. On page 32 
Dave MacLellan shares the highlights.

It’s been a privilege as LSE editor to 
see lasers help address the challenge 
of reducing CO2 emissions, and I look 
forward to how they develop as we 
approach the net-zero deadline of 2050.

Subscribe online for FREE at  
www.lasersystemseurope.com/subscribe

Matthew 
Dale, 
editor
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Webcast: Dynamic Beam Laser technology  
opening new possibilities in laser welding

Free webcast available now
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Florian Hugger 
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Talk Topic: Enhancing keyhole stability  
by beam shaping
Florian Hugger studied mechanical engineering at the Technical 
University of Munich and afterwards worked as research assistant 
at the Bayerisches Laserzentrum GmbH from 2011 to 2017. His 
research focused on keyhole phenomena like evaporation of 
volatile elements and high-speed keyhole dynamics. Since 2017 
he is Head of R&D at BBW Lasertechnik GmbH and addresses 
problems of laser welding.

Dr. Eyal Shekel
CEO Civan Advanced Technology

Talk Topic: Dynamic beam shaping for laser welding
Dr. Shekel is the founder and CEO of Civan Lasers – the first 
company to develop industrial lasers based on Coherent Beam 
Combining. Prior to Civan, Dr. Shekel founded Cielo, a leading 
company in the manufacture of Fiber Optical Gyros and navigation 
systems and Founder and general manager of Chiaro Networks 
which developed the largest optical switch in the world. Dr. Shekel 
received his PhD in physics at NYU. 
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Laser beam welding offers many advances compared to 
conventional welding processes due to evaporation of the 
material and the formation of a keyhole. Using state of the art 
laser systems the keyhole is inherently unstable and the origin of 
welding failures like pores and blow outs. Dynamic Beam Lasers 
based on Coherent Beam Combining enable full control of the 
keyhole shape and dynamics by finetuning evaporation and thus 
opens new possibilities for increasing welding quality, speed, and 
new welding applications.

This webcast will present some of the current challenges in laser 
welding and the theory for using beam shaping and steering 
to overcome these challenges. The second part will focus on 
presenting the new Dynamic Beam Laser and its capabilities 
of beam shaping, shape frequency, shape sequence and focus 
steering.
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Deep learning material sensing platform 
augments laser cutting
MIT scientists have developed 
a smart material sensing 
platform for laser cutters 
powered by deep learning.

The platform could protect 
users from hazardous waste, 
provide material-specific 
knowledge, suggest subtle 
cutting adjustments for better 
results, and allow items to 
be engraved with multiple 
materials (such as garments 
or phone cases).

Laser cutters can process a 
variety of materials including 
metals, woods, papers and 
plastics. However, users can 
face difficulties distinguishing 
between stockpiles of visually 
similar materials, which can 
result in the wrong material 
processed. This can cause 
messes, bad odours and the 
release of harmful chemicals.

The scientists, from 
MIT’s Computer Science 
and Artificial Intelligence 
Laboratory (CSAIL), have 
developed SensiCut, a smart 
material-sensing platform for 
laser cutters. 

Conventional ID approaches 
have been known to 
misidentify materials, while 
sticker tags (like QR codes) 
used to identify individual 
sheets can be accidentally cut 
off in processing. Also, if an 
incorrect tag is attached, the 
laser cutter will assume the 
wrong material type. 

But SensiCut uses a more 
nuanced fusion. It identifies 
materials using deep learning 
and an optical method called 

speckle sensing, which uses 
a laser to sense a surface’s 
microstructure.

‘By augmenting standard 
laser cutters with lens-less 
image sensors, we can easily 
identify visually similar materials 
found in workshops and reduce 
overall waste,’ said Mustafa 
Doga Dogan, PhD candidate 
at MIT CSAIL. ‘We do this by 
leveraging a material’s micron-
level surface structure, which 
is a unique characteristic even 
when visually similar to another 
type. Without that, you’d likely 
have to make an educated 
guess on the correct material 
name from a large database.’ 

The team trained SensiCut’s 
deep neural network on images 
of 30 material types across 
38,000 images, where it could 
differentiate between things like 
acrylic, foamboard, and styrene, 
and even provide guidance on 
power and speed settings.

In one experiment, the 
team built a face shield, which 
required distinguishing between 
transparent materials from a 
workshop. The user selected 

The University of South 
Australia is working on 
technology to underpin 
the next generation of 
high-powered lasers in 
Australia, bringing the 
country’s laser building 
capabilities up to speed 
with other developed 
nations.

Hamamatsu Photonics 
has built a pulsed laser 
system that produces 
what the firm says is the 
world’s highest pulse 
energy among laser-
diode-pumped lasers: 
250J.

Fraunhofer ILT’s 13th 
International Laser 
Technology Congress, 
AKL’22, is in Aachen on 
4 to 6 May next year. 
The institute’s second 
AI for Laser Technology 
Conference takes place 
online on 28 and 29 
September.

BluGlass has 
demonstrated tunnel 
junction laser diodes 
that leverage remote 
plasma chemical vapour 
deposition. This could 
enable higher power  
and more efficient 
lasers for additive 
manufacturing and 
welding.

Evosys Laser is offering 
an ‘advanced quasi-
simultaneous welding’ 
plastic joining process. 
It combines two 
wavelengths that are 
alternately guided over 
the welding zone in a 
controllable pattern,  
and improves process 
times compared to 
single-laser plastic 
welding.

IN BRIEF 

a design file in the interface 
and used a pinpoint function 
to get the laser moving to ID 
the material type at a point on 
the sheet. The laser interacted 
with the very tiny features of 
the surface and reflected off it, 
arriving at the pixels of an image 
sensor to produce a unique 2D 
image. The system could alert 
or flag the user that their sheet 
was polycarbonate, which would 
release potentially highly toxic 
flames if cut by a laser. 

The speckle technique was 
put in a laser cutter with low-
cost, off-the-shelf-components, 
such as a Raspberry Pi Zero 
microprocessor board. To make 
it compact, the team designed 
and 3D printed a lightweight 
mechanical housing. They will 
present the work at the ACM 
Symposium on User Interface 
Software and Technology in 
October.

Beyond laser cutters, they 
believe SensiCut’s technology 
could be integrated in other 
fabrication tools, such as 3D 
printers. For additional nuances, 
they plan to extend the system 
by adding thickness detection.

“Augmenting 
standard laser cutters 
with lens-less image 
sensors enables 
the identification 
of visually similar 
materials commonly 
found in workshops”
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The SensiCut smart sensing 
platform distinguishes between 
visually similar materials
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Researchers have developed a 
hybrid additive manufacturing 
process that combines wire-
based and powder-based laser 
material deposition (LMD), also 
known as cladding.

The process is significantly 
more cost-effective than a pure 
powder process, while offering 
greater material flexibility than a 
pure wire process. 

In LMD, a laser beam focuses 
on the component surface 
while a filler material – usually 
a powder or wire – is fed and 
melted. LMD is well suited for 
applying protective coatings to 
heavily stressed components, 
repairing damaged areas and 
changing workpiece geometry.

Fraunhofer IPT scientists, 
together with the partners 
of the MatLaMed project, 
have developed a hybrid 
LMD process in which wire 
and powder are processed 
simultaneously. The partners 
say the tool coatings produced 
using the process are more 
wear-resistant, resource-
efficient and cost-efficient than 
those from other methods. 
They plan to use it in a variety 
of applications, such as the 
machining of forming tools or 
the treatment of friction wear 
layers of hydraulic components.

By combining wire and 
powder, they are able to flexibly 
adjust the material composition 
– and thus the applied coating 
properties – with each 
application of the process.

‘With the new process, we 
can now respond quickly and 
flexibly to different thermal, 
chemical and mechanical loads, 
as we can adjust toughness 
and hardness with pinpoint 
accuracy,’ said project manager 
Marius Gipperich.

In developing the process, 
the scientists tested numerous 
materials. For the wire, these 
included a hot-work tool steel 
with good structural stability 
and a low-alloy steel that 
can be welded well. For the 
powder, chromium was used 
as a carbide-forming and 
grain-refining element, while 

titanium carbide was used as a 
hard phase. Even the addition 
of small amounts of titanium 
carbide led to coating hardness 
increases of up to 30 per cent.

Positive results have provided 

the researchers with a basis 
to develop the hybrid LMD 
process and imbue other 
material systems with special 
properties.

Currently they are testing 

possibilities for using the 
process in the production of 
graded coating systems. They 
want to increase the titanium 
carbide content of the material 
mixture as much as possible.

Hybrid cladding cuts processing costs

Learn more at 
coherent.com/systems
+1 800 367 7890
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Bosch to supply automated battery assembly lines
Bosch is to supply automated 
assembly lines for battery 
production that include laser 
welding technology.

It aims to increase vertical 
integration in mechanical 
engineering and, by 2025, 
generate annual sales of around 
€250m with equipment for 
battery production.

The firm will also deploy 
battery technology in its 
own plants, investing around 
€70m this year to expand 
manufacturing operations. 
In Eisenach, Germany, it is 
launching full-scale production 
of second-generation 48V 
batteries for the hybridisation of 
passenger cars. Such batteries 
reduce fuel consumption and 
CO2 emissions in vehicles with 
combustion engines by up to 15 
per cent, especially in cities.

The firm’s solution portfolio 
ranges from the 48V batteries 
for mild hybridisation to full 
electric drives and fuel cells. It 
has also developed batteries for 
vehicles, e-bikes, power tools 
and kitchen appliances.

responsible for industrial 
technology. ‘Bosch is doing its 
part to meet this demand.’

One of Bosch’s customers 
is Webasto, a pioneer in the 
production of battery packs. 
The firm has been involved in 
electromobility since 2016 and, 
as well as high-voltage heaters 
and recharging solutions, also 
focuses on battery systems for 
electrified vehicles. 

Bosch is supplying the firm 
with automated assembly lines 
for welding and gluing battery 

A research project aims to 
increase conventional water 
electrolysis efficiency by more 
than 75 per cent with the help of 
laser structuring.

Water electrolysis – splitting 
water into hydrogen and oxygen 
using an electric current – is the 
most common way to produce 
green hydrogen. The process is 
very energy-intensive, however, 
meaning hydrogen-powered 
technology will only ever be 
environmentally friendly if water 
electrolysis can be optimised.

The InnoEly (Water Electrolysis 
Innovation Laboratory) project, 
running to April 2024, aims to 
do just this while also reducing 
electrolysis costs, to allow 
hydrogen to be a widely usable 
energy carrier of the future.

The project has received 
initial funding of €1.2m from 
the Lower Saxony Ministry of 
Science and Culture, with its 
partners including Fraunhofer 
Heinrich Hertz Institute (HHI), 

Leibniz University Hannover, 
TU Braunschweig, TU Clausthal, 
University of Oldenburg, DLR 
Institute for Networked Energy 
Systems, and the Institute for 
Solar Energy Research in Hameln 
ISFH. 

The partners are developing a 
novel catalyst unit to reach their 
75 per cent target. 

In addition, they will be 
creating a toolbox of modelling 
and characterisation components 
that can be employed for all 
three relevant water electrolysis 
technologies: alkaline 
electrolysis (AEL), acidic proton 
exchange membrane electrolysis 
(PEMEL), and high temperature 
electrolysis (HTEL).

For AEL, Fraunhofer HHI 
researchers are working on 
electrodes already used in 
electrolysis, as well as new 
electrode components developed 
by the project partners. Using a 
femtosecond laser structuring 
process, they are functionalising 

different materials for 
electrocatalysts, such as nickel 
foams and support plates.

The structuring optimises the 
effect of the electrodes. With 
this, the so-called overvoltage – 
the amount of energy loss – can 
be reduced by up to 20 per cent.

This enables the amount of 

hydrogen obtained with minimal 
optimisation of the existing 
system to be increased. 

In a second step, the electrode 
components produced in this 
process are characterised. The 
obtained measurement data 
serves as a case study for testing 
and validating the modelling tool.

Laser structuring to increase efficiency of hydrogen production

cells. For this purpose, the 
various functions of module 
production are combined: 
cell cleaning with incoming 
inspection, the stacking 
process as well as a special 
laser-welding process, and end-
of-line inspection for quality 
assurance. 

Thanks to a sophisticated 
line concept, no particle 
contamination occurs 
during processing. Robots 
automatically assemble the cell 
stacks in a two-step procedure 
consisting of dispensing 
technology and laser welding. 
With a comprehensive safety 
concept, it is then possible to 
establish the battery module’s 
electrical connection using a 
highly dynamic and precise 
laser-welding process.

Bosch now develops 
equipment, machinery, 
hardware and software for 
manufacturing battery  
modules and packs that are 
built from cylindrical, prismatic 
or pouch cells and used in 
electric vehicles. 

Meeting the demand
According to experts, demand 
for lithium-ion batteries will 
rise from around 200GWh in 
2019 to more than 2,000GWh 
by 2030 (source: BMWi, 2021). 
Currently, more than 60 per 
cent of that demand stems from 
electromobility (source: VDMA, 
2020). 

‘Our assumption is the global 
battery market will grow up to 
25 per cent each year,’ said 
Rolf Najork, the member of the 
Bosch board of management 
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Femtosecond laser structuring can functionalise different materials for 
electrocatalysts such as nickel foams and support plates

Bosch supplies automated assembly lines for welding and gluing battery cells
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Four 3D-printed fuel assembly 
brackets have been installed 
and are in routine operation at a 
nuclear reactor facility in Athens, 
Alabama.

The brackets, channel fasteners 
for French nuclear reactor firm 
Framatome’s boiling water reactor 
fuel assembly, were installed at 
Tennessee Valley Authority’s 
Browns Ferry Nuclear Plant. They 
will remain in the reactor for six 
years, with regular inspections.

Developed at the US 
Department of Energy’s 
Manufacturing Demonstration 
Facility at Oak Ridge National 
Laboratory (ORNL), the 
brackets represent a significant 
milestone, according to the lab’s 
Transformational Challenge 
Reactor (TCR) programme 
manager, Ben Betzler.

‘It shows it is possible to 
deliver qualified components in 
a highly-regulated environment,’ 
he said. ‘This programme bridges 

basic and applied science and 
technology to deliver tangible 
solutions that show how 
advanced manufacturing (AM) can 
transform reactor technology and 
components.’

The current focus of the TCR 
programme is to further mature 
and demonstrate industry-
ready technology informed by 
AM, AI, integrated sensing and 
deployment of a digital platform 
for informed certification of 
components.

The channel fasteners’ 
straightforward, though non-
symmetric, geometry was a 
good match for what the ORNL 
says is ‘the first-ever advanced 
manufacturing application for use 
in a nuclear reactor’.

‘We are trying to help create 
and certify the next generation 
of nuclear components,’ said 
Ryan Dehoff, leader of the 
ORNL’s Deposition Science and 
Technology Group.

3D-printed components installed 
in nuclear reactor

Researchers at The Australian 
National University have 
produced a more efficient solar 
cell using laser doping, setting 
what they say is a world record.

The cells are dual-sided, so 
front and back create power.  

Principal investigator Dr Kean 
Chern Fong said the ‘bifacial’ 
solar cells exceed single-sided 
silicon solar cell performance.

‘We have developed a true 
bifacial solar cell, as it has nearly 
symmetrical power generation 
capacity on both surfaces,’ 
he said. ‘When deployed on 
a conventional solar farm, a 
bifacial cell absorbs direct 
incoming light, while also 
taking advantage of ground 
reflection, which can contribute 
an additional 30 per cent power 
generation. Bifacial solar cells 
are becoming increasingly 
important in the rollout of solar 
farms and are expected to have 
a market share of more than 50 
per cent in the next five years.’

The team used laser doping 
technology to make the cells, 
which uses lasers to locally 

‘Record-breaking’ bifacial solar 
cells produced by laser doping

The new solar cells achieve a front 
conversion efficiency of 24.3 per cent 
and a rear efficiency of 23.4 per cent
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increase electrical conductivity 
in a material. ‘It’s a low-cost, 
industry-compatible process 
for boosting efficiency,’ said Dr 
Marco Ernst, chief investigator.

This allowed the team to 
achieve a front conversion 
efficiency of 24.3 per cent and 
a rear conversion efficiency of 
23.4 per cent. This represents 
an effective power output 
of around 29 per cent, well-
exceeding the best single-sided 
silicon solar cell, according to 
the researchers. ‘This is a world 
record for selectively laser-
doped solar cells and among 
the highest efficiency bifacial 
solar cells,’ said Ernst.



Greg Blackman on where 
CO₂ lasers excel in 
materials processing

  @researchinfo  |  www.researchinformation.info

In the world of laser processing, it’s 
the fibre laser that grabs the headlines. 
The laser processing subcontractor, ES 
Precision, is about to buy its eighth laser 
system, a high-power fibre laser that will 
extend the firm’s metal cutting capabilities, 
among other uses (more on page 30).

As a specialist in laser marking, however, 
ES Precision has to work with various 
different materials, and for that it requires 
different lasers. The firm runs five different 
types overall: fibre, CO2, vanadate, YAG and 
frequency tripled vanadate (a UV laser). 
Two of its seven – soon to be eight – galvo 
laser workstations are CO2 machines.

Andrew May, a director at ES Precision, 
highlighted the flexibility of its CO2 lasers. 

One job its 200W CO2 laser machine is 
used for is to mark, cut and perforate 
Beiersdorf’s Tesa labels, the kind used for 
automotive vehicle identification number 
(VIN) labels. The marks are made by 
ablating the top layer of the tape, revealing 
the layer beneath in a different colour. The 
marks are high resolution, meaning a lot of 

data can be placed on a small label; they 
are tamper evident, in that, once placed, 
the label cures in air in 12 hours and the 
only way to remove it is to destroy it; 
and they’re weather and UV resistant, so 
suitable for outdoor use.

The same laser machine also cuts 
the label – as far as the backing layer, 
akin to kiss-cutting in conventional label 
production, but it’s a digital process so 
changing the shape of the cuts is easy to 
do. It also perforates the web, both the 
label and backing material, so that sets of 
labels can be torn off. The three discrete 
processes all happen on a reel-to-reel 
spooling workstation.

‘The world of CO2 lasers continues to be 
dynamic,’ May said. ‘Fibre lasers haven’t 
really impacted the low-power CO2 laser 

THE WORKHORSE OF 
LASER PROCESSING
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 Beiersdorf’s Tesa labels marked by CO2 laser
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“CO₂ lasers haven’t 
had to evolve…
they’ve still got a 
very healthy market 
and they’re the right 
tool for the job”

Trotec’s GSL1400 
digital laser label 

converting machine
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market. In one sense CO2 lasers haven’t 
had to evolve over the last two decades; 
they’ve still got a very healthy market and 
they’re the right tool for the job.’

Stephen Fazeny, CTO for laser sources 
at Trotec, added that the CO2 laser market 
is still growing at a rate faster than GDP 
and faster than the standard machine 
tool market. ‘The CO2 market has a future 
because CO2 laser applications are 
replacing some mechanical non-laser 
applications,’ he said.

Working with ceramics is another area 
where CO2 lasers are used and, May said, 
‘they’re frankly the only obvious choice 
for nearly all organic materials.’ Jobs like 
cutting leather trim for cars or thin plastics 
for automotive dashboards. The longer 
10.6µm wavelength of CO2 lasers is better 
absorbed by organic materials than the 
1µm fibre laser wavelength, which results 
in a cleaner cut.

Kristen Hill, senior product line manager 
at Novanta, recalled a customer that came 
to them after trying to cut foam with a 
fibre laser, which had severely burned the 
material. ‘We were able to cut the material 
with a Synrad CO2 laser with very minimal 
discoloration, and the customer was happy 
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Labels can be laser 
marked on a reel-to-reel 

spooling workstation

Standard CO2 lasers 
emit at 10.6µm, but other 
CO2 wavelength bands 
are available that might 
prove advantageous for 
processing thin films, for 
instance. Luxinar offers 
10.6, 10.25 and 9.3µm 
sealed CO2 laser sources 
ranging from 80 to 450W.

In thin films less than 
100µm, processing speed 
can be enhanced using 
the correct wavelength, 
while the heat-affected 
zone can be the decisive 
factor for moving to a 
different wavelength on 
films greater than 250µm. 

In any case, the optics used 
in the laser cavity to select 
the wavelength have to be 
carefully chosen.

Band-selected cavity 
optics need robust coatings 
with a high flux density, 
proximity to RF discharge 
and the ability to suppress 
the neighbouring branch 
without reducing gain at the 
required wavelength.

Polarisation, absorption 
in air and loss are the main 
integration challenges for 
wavelength band-selected 
CO2 lasers, Luxinar advises.

The firm states that 
standard 10.6µm dielectric 

mirrors can depolarise 
circular polarised light, 
whereas isolation mirror 
solutions are lambda 
specific.

At 9.3µm, especially at 
high powers, lens effects 
due to absorption distort 
the beam; these can be 
removed by nitrogen 
purging or by moving dry 
air.

Loss per surface on 
standard 10.6µm AR or 
AR transmissive optics is 
approximately 3 to 5 per 
cent at 9.3µm operation, and 
can cause back reflections 
or heating of optic mounts.

CHALLENGES OF BAND-SELECTED CO₂ LASERS

 Labels can be laser 
marked on a reel-to-reel 

spooling workstation.
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with the result,’ she said. Synrad is one of 
the Novanta brands.

On the other hand, solid-state lasers 
have replaced CO2 lasers in the field of 
sheet metal processing, where the 1µm 
wavelength is better absorbed by metals. 

‘CO2 is more or less gone for metal 
processing in the kilowatt power range,’ 
Fazeny confirmed.

In addition to being preferable for 
processing metals, fibre lasers have a 
factor of 10 smaller spot size than CO2 



lasers, and are therefore good for micro-
processing. But for all other materials in the 
macro range – plastics, laminate, acrylic, 
textiles, wood, paper – Fazeny suggests 
CO2.

The larger spot size from a CO2 laser 
can be an advantage for applications like 
marking, engraving or cutting, because 
it makes the process more forgiving. 
The focus position, for instance, is less 
sensitive to disruption with a larger spot.

Trotec provides laser machines for 
engraving, cutting and marking. One 
example is a dedicated workstation for 
processing paper and cardboard for the 
printing industry, along with a machine for 
marking and cutting roll-to-roll labels. ‘In 
these machines you want to use several 
hundred watts, because these processes 
are high speed,’ said Fazeny. ‘This is a 
growing market for CO2 lasers. Traditionally 
the printing industry used die-cutting for 
high-volume batches. But now, with the 
laser and the digital workflow from design 
to part, it’s cost effective even for just 
one piece. That’s a big driver for lasers, in 
general, and also for CO2 lasers.’

Other markets include marking sell-by 
codes on food labels and perforating food 
packaging, along with PCB marking where 
a CO2 laser can mark the board’s surface 
without damaging the copper circuitry 
underneath. May added that fading and 
patterning jeans ‘has been massive’.

Further technology development
CO2 lasers are considered the workhorses 
of the industry because they’ve been 
around for so long. But the technology 
is still progressing. Novanta’s Hill noted 
a number of advances that the company 
is working on, including: a smaller laser 
footprint; smaller, integrated RF drivers; 
more efficient operation and higher output 
power; longer lifetimes and increased 
reliability; and more wavelengths in the 9 to 
10µm band.

There’s also been progress made in 
academic research with chalcogenide 
fibres for CO2 laser transmission. This 
work, if it comes to light, would open up 
fibre delivery for CO2 laser systems, which 
at the moment isn’t possible.

Hill said Novanta’s R&D teams are 
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“As long as there 
are materials that 
need to be marked 
or cut, we anticipate 
continued growth”
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The CO2 laser wavelength is suited to working with materials such as acrylic, paper and textiles
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Buddhists practice the 
ancient tradition of mani 
stone carving in Tibet, 
using hammer and chisel 
to inscribe mantras or art 
into stone, traditionally 
the six-syllable mantra of 
Avalokiteshvara, Om mani 
padme hum.

Now, stone carvers in the 
Yushu area are turning to 
lasers to do the engraving.

Chinese laser 
provider CKLaser began 
investigating using CO2 
lasers to engrave stone 
when it approached 
Luxinar’s China office in 
2012. Luxinar makes CO2  
lasers, and CKLaser wanted 
to use the laser source as 
an alternative to mechanical 
processing.

The traditional method 

is to work by hand, but in 
the last decade mechanical 
tools, such as small electric 
drills and grinders, have 
been used to produce larger 
volumes of the carved 
slabs. The laser speeds 
up this process, with the 
advantage of no tool wear, 
no need to pre-line or 
outline the slabs, and the 
ability to inscribe precise 
designs and patterns.

‘Characters are carved 
by scanning the laser beam 
across the stone with a 
galvo scanner,’ Dr Louise 
May, senior applications 
engineer at Luxinar, said. 
‘Depth can be controlled 
by adjusting the intensity 
of the beam as it passes 
across the substrate to 
produce 3D effects.’

May added the effect 
does depend on the type 
and composition of the 
stone, with the process 
working better with some 
stones than others. ‘Laser-
induced localised heating 
can cause vitrification of 
certain minerals in the 
rock, resulting in poor 
engraving with a glass-
like appearance,’ she said. 
However, if these glass-
forming elements are not 
present, there is material 
removal to produce a deep 
engraving effect. Initial 
demand from CKLaser was 
for Luxinar’s SR 25i and SCX 
35 sealed CO2 lasers – 250 
and 350W respectively – 
but Luxinar now also has 
demand for its 450W OEM 
45iX laser source.

FEATURE: CO2 LASERS

LASER PRAYERS ANSWERED FOR 
TIBETAN STONE CARVING

A mani stone engraved by a Luxinar CO2 laser

optimising Synrad lasers for different 
materials and processes, and that the 
biggest driver is increasing throughput, 
as well as requests for processing larger 
fields of view or larger materials. She said 
there are several opportunities to replace 
manual or contact-based processes, 
whether that’s replacing ink with laser 
marking or blades with laser cutting.

Novanta’s CO2 laser portfolio ranges 
from the 5W Synrad 32-1 with integrated 
RF for marking, to the Synrad i401 with 
400W average power for high-speed 
cutting and drilling. In addition to Synrad 

lasers, Novanta also provides CO2 laser 
sub-assemblies that include Cambridge 
Technology scanning optics. Hill said: ‘In 
addition to defining the right peak power 
or wavelength for a given application, we’re 
focusing R&D efforts on optimising the 
entire beam delivery sub-assembly.’

Trotec’s Fazeny said that, in the low-
power CO2 field, the biggest push forward 
in the last decade has been to make the 
sealed technology very reliable. All power 
levels less than 1kW are typically sealed 
lasers. They are shipped with a gas fill, 
meaning there are no running costs, as is 

the case with fast-flow CO2 lasers, which 
have high gas consumption.

The first generation of sealed metal 
lasers have lifetime issues because their 
gas mix deteriorates slowly, which means 
power is lost over time – it is a slow drop, 
Fazeny explained, and typically the laser 
requires a gas refill after a few years. This 
has now improved with the advent of the 
ceramic core resonator, as opposed to the 
traditional metal resonator. The O-rings 
in a metal resonator are a weak point that 
can fail and leak gas over time. Also, there 
is interference from metal particles, which 

collect on the optics, making the resonator 
mirrors blind after a number of years.

‘At Trotec we are now using the ceramic 
core lasers from Iradion in the US,’ 
Fazeny said. ‘There is no metal inside the 
resonator, even the electrodes are external. 
This overcomes the lifetime issue of the 
metal core resonator; Iradion has brought 
the sealed CO2 lasers to perfection. 
There’s no need for any refill anymore.’

In addition, the ceramic resonator has 
75 per cent less thermal expansion than 
a metal body, Fazeny noted. Therefore, 
during the first 10 minutes of operation 
there is much less power, mode and 
pointing fluctuation.

Also, the Iradion CO2 lasers are driven by 
RF power and use a single-chip design. The 
RF driver uses the same power transistors 
used for mobile communication base 
stations, which are simpler and much more 
reliable. ‘The chance of failure is definitely 
less,’ Fazeny remarked.

In terms of price, CO2 lasers are 
comparable to fibre lasers, Fazeny 
continued. ‘Fibre laser price has dropped 
dramatically over the last 10 years, but it 
settled somewhere in the range of the CO2 
laser,’ he said. ‘You don’t need to decide by 
price, you can decide by application.’

Hill noted that Novanta’s order volumes 
for Synrad CO2 lasers are higher than 
ever at the moment, with many customers 
exceeding pre-pandemic levels. ‘As long as 
there are materials that need to be marked 
or cut, we anticipate that we’ll continue to 
see growth,’ she concluded. l

“This work would 
open up fibre 
delivery for CO2 
laser systems, which 
at the moment isn’t 
possible”
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Jennifer Heßmann, Marcel 
Bachmann and Kai Hilgenberg, of 
BAM, explain a new joining process 
that could help reduce the weight 
of vehicles 

  @researchinfo  |  www.researchinformation.info

The automotive industry is 
facing the necessary reduction 
of CO2 emissions. Due to 
increasing safety requirements, 
customer demands in comfort 
and motor performance, as well 
as the use of heavy batteries 
in e-mobility, the weight of 
vehicles has grown rapidly in 
recent years. To save weight 
without affecting the functional 
properties of vehicles, heavy 
materials must be replaced with 
lighter alternatives. Modern 
lightweight concepts have 
therefore been developed, 
featuring multi-material designs 
that require the joining of 
dissimilar materials.

Besides steel, aluminium 
is one of the most important 
construction materials for 
the mass production of 
automobiles. The joining of 
this material combination, 
especially by thermal 

processes, is a challenge to 
overcome. Issues are caused 
by different material properties 
such as melting temperatures 
and thermal expansion 
coefficients. Furthermore, 
steel and aluminium are not 
dissolvable within each other, 
thus leading to the formation 

An electromagnetic approach to
dissimilar metal welding
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of brittle intermetallic phases. 
These phases reduce the load 
capacity of the joint and often 
act as crack initiation points. It 
is therefore still necessary to 
develop joining technologies to 
reduce these problems. 

Electromagnetic melt 
pool manipulation offers 
many possible ways of 
optimising laser welding. 
At the Bundesanstalt für 
Materialforschung und-prüfung 
(BAM) in Berlin, many possible 
use cases were investigated. 
For example, supporting the 
mixing process when using filler 
materials in thick plate welding 
or the degassing of pores while 
welding aluminium die cast. 
Another application is melt pool 
support, when welding thick 
plates to avoid the drop out of 

the melt pool due to its own 
weight. 

One new possible approach 
for the joining of dissimilar 
metals is based on laser 
welding and melt displacement 
by contactless induced 
electromagnetic forces. This 
joining technology is still in 
the experimental stage but 
has already shown promising 
results. The process steps 
are illustrated in figure 1. The 
joining partners, in this case 
steel and aluminium sheet 
metal, are placed in an overlap 
configuration whereby the 
upper joining partner needs to 
have the higher melting point, 
as well as a hole leading to the 
lower joining partner. The laser 
beam melts the lower sheet 
through this hole. An oscillating 

Figure 1: Single process steps of the new approach for joining dissimilar 
metals based on laser welding and melt displacement by induced 
electromagnetic forces

Figure 2: a) Example of a spot-shaped lap joint, b) formation of intermetallic phases at the 
interface between steel and aluminium alloy after melt displacement
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magnetic field, placed below 
the overlap configuration, 
induces an electromagnetic 
force. This Lorentz force FL is 
directed upwards and works 
against the gravity force Fg. 
Thus, the molten material is 
pushed upwards into the hole 
and results in a material- and 
form-fitting joint. 

For this joining technology 
no auxiliary elements are 
necessary, and it can be used 
for spot-shaped or line-shaped 
joints. However, a controlled 
heat input delivered via laser 
beam is needed to reduce the 
formation of brittle intermetallic 
phases.

At BAM, it was possible to 
successfully create a spot-
shaped lap joint between steel 
and aluminium by using the 
presented new approach. The 
lower joining partner was an 
aluminium wrought alloy (EN 
AW 5754) with a thickness of 
2mm, while the upper joining 
partner was a ferromagnetic 
steel (DC01) with a thickness 
of 1mm. In the steel sheet a 
hole with a diameter of 1.6mm 
was drilled and the specimens 
were fixed mechanically to 
ensure a technical zero gap. 
An IPG ytterbium fibre laser 
was used with a wavelength of 
1,070nm and a spot diameter 
of 570µm. A laser power of 
2.5kW and a laser duration of 
up to 200ms were used with 
argon (20l/min) as shielding gas. 
The penetration depth of the 
oscillating magnetic field was 
limited to the thickness of the 
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lower joining partner according 
to the skin effect. This limitation 
should minimise the influence 
of the ferromagnetic steel on 
the induced electric currents. 
Therefore, a frequency of 
3.75kHz was chosen. The 
magnetic field power was varied 
from 0W to around 2kW. 

The experiments were 
supported by numerical analysis 
to improve the understanding 
of the new joining technology, 
especially to reveal the 
temperature distribution of the 
joining partners and to find the 
optimal moment for the laser 
to shut down, to minimise the 
heat input. For this, a 2D model 
of the overlap configuration 
was created with Comsol 
Multiphysics FE software.

Results
The experimental results of 
the presented approach show 
promise. An example of a 
created spot joint is shown in 
the cross section in figure 2a. 
Here, a laser power of 2.5kW, 
a laser duration of 200ms, a 
frequency of 3.75kHz and a 
magnetic field power of around 
2kW were used. Reproducible 
joints can be generated 
although cracks or process 
pores are formed in a few 
cases. When the aluminium 
melt moves upwards, the 
reduced heat conduction in 
the steel layer results in heat 
accumulation in the aluminium 
melt. The changed heat flow 
results in an increasing width of 
the aluminium melt pool directly 

below the steel sheet. The steel 
sheet is heated by the displaced 
melt, leading to the formation 
of a heat-affected zone. The 
formation of intermetallic 
phases is exemplary, shown in 
figure 2b for the same process 
parameters. 

Analysis by scanning 
electron microscope shows 
an intermetallic phase seam 
at the interface of steel and 
aluminium, with an average 
width of about 7µm. This width 
is lower than the critical value 
of 10µm for laser beam joining 
of steel and aluminium reported 
in literature. Next to this seam, 
further needle-shaped phases 
grow into the aluminium melt. 
Some micro cracks were 
detected in the intermetallic 
phase seam caused by the 
shrinkage of the aluminium melt 
during solidification. 

The calculated required time 
for the melt displacement and 
the occurring temperatures of 
the joining partners are shown 
in figure 3a. The numerical 

“This joining 
technology 
is still in the 
experimental 
stage but has 
already shown 
promising 
results”

Jennifer Heßmann is a research 
assistant at BAM’s additive 
manufacturing of metallic 
components division. Marcel 
Bachmann is the team leader 
of welding simulation at BAM’s 
welding technology division. Kai 
Hilgenberg is the head of BAM’s 
additive manufacturing of metallic 
components division

results show the effective 
range of magnetic field power 
is between 600W and 2kW for 
a complete melt displacement. 
With higher magnetic field 
power, the displacement 
needs less time compared to 
lower magnetic field power. 
By increasing the magnetic 
field power to around 2kW, 
the displacement process can 
be shortened to 100ms (see 
figure 3b). The experimental 
results confirm the numerical 
predictions of the required 
process time and effective 
range of the magnetic field 
power.

Conclusion
This work shows it is possible 
to create a spot-shaped 
lap joint between steel and 
aluminium by electromagnetic 
melt displacement. The 
numerical analysis improves 
the understanding of this 
new joining technology and 
shows a good agreement to 
the experimental results. The 
numerical analysis helps to save 
experimental time and find the 
required time for a complete 
melt displacement, so the laser 
beam can be shut down as early 
as possible to minimise the heat 
input in the joining partners. 
The calculation of the thermal 
distribution improves the 
understanding of the formation 
of the intermetallic phases. 
These results are a first step 
for the further development of 
this new joining technology. In 
ongoing research, the focus lies 
on the creation of line-shaped 
joints and the analysis of the 
mechanical properties of test 
joints. 
This research was 
funded by the Deutsche 
Forschungsgemeinschaft (DFG, 
German Research Foundation), 
grant number HI 1919/2-1; 
646941. Financial funding is 
gratefully acknowledged. l

Figure 3: a) Results of the numerical analysis of the effective range of the magnetic field power and the 
required time for a completed melt displacement, b) experimental results of shortened process time of 
100ms in the case of 2kW magnetic field power



Keely Portway looks 
at how new laser 
technologies are 
optimising welding 
and cutting for 
shipbuilding

  @researchinfo  |  www.researchinformation.info

After a relatively slow period between 
2019 and 2020, the market for shipbuilding 
is steadily picking up, and, according to 
research firm Statista, is likely to grow from 
this year onwards, surpassing $160bn in 
2023.

And the Ship Building Global 
Market Report 2021: Covid-19 
Impact and Recovery to 2030 from 
ResearchAndMarkets.com would appear 
to agree, predicting that the market will 
reach $186.6bn by 2025, thanks largely to 
companies rearranging their operations and 
recovering from the impact of the pandemic.

Other factors include the increasing 
seaborne trade, rising population, surging 
purchasing power of consumers and the 
improving standards of living increasing 
the demand for consumer goods. In terms 
of markets, Europe is cited as crucial 
for the production of cruise vessels, 
however it is East Asia that is dominant in 
shipbuilding, with China, Japan and South 
Korea being the largest shipbuilding nations. 
According to Statista, China alone received 
48 per cent of global shipbuilding orders in 
2020.

The industry has certainly had its 
challenges over the last few years, 
pandemic-aside, with a shortage of 
skilled workers and various environmental 
regulations and policies changing the way 
that ships are built. Add to this the period 

of decline last year and the shipbuilding 
industry is becoming more reliant on quality, 
efficiency and accuracy than ever before. 
Enter stage-left, the laser! Laser cutting and 
welding are known for their high-precision 
and efficiency, so it’s little surprise that they 
are a mainstay of the shipbuilding industry. 

100kW shipbuilding laser
Eyal Shekel, CEO at Civan Lasers, believes 
there is room to increase the use of lasers 
for cutting and welding in the sector, due to 
their ability to increase process efficiency. 
‘It’s beneficial, for example, to be able to 
weld an outer panel just from the outside, 
instead of having to go both inside and 
outside. Being able to produce a high-
quality, relatively fast weld on one side is a 
very big advantage,’ he said.

In terms of some of the most common 
uses for lasers in shipbuilding, Shekel 
highlighted the structure as a key area. 
‘Particularly the T-joints and sealing welds,’ 
he said, ‘they present opportunities for laser 
welding. In general, we feel that with laser 
welding, and particularly with a high-power 

single-mode laser, you can perform quickly 
and accurately, even on thick materials.’ 
He added that the narrow beam of such a 
laser enables it to efficiently weld the very 
shallow angles of T-joints.

The company recently launched its 
100kW single-mode, continuous-wave (CW) 
coherent beam combining (CBC) fibre laser, 
which Shekel said lends itself well to this 
purpose. The CBC technology is based on 
parallel amplification of a single seed signal 
that allows for coherent recombination, 
ramping the output power to a degree 
unobtainable by in-series amplifiers. Its 
dynamic beam shaping technology offers 
the ability to control beam shape, frequency, 
sequence and focus steering.

Power is a key point for Shekel, who 
highlighted 10kW or higher as the standout 
power needed for shipbuilding applications. 
‘We now have 30kW and also 100kW 
available,’ he said. ‘The advantage is mainly 
in quality, because the more power you 
have, the faster you can go but when you’re 
trying to go faster without the higher power, 
you get the lower quality welds.’

LASER INNOVATIONS 
FOR THE MARITIME 
SECTOR
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Steel processing firm Otto Klostermann uses a LaserMat II system from 
Messer Cutting Systems for XXL formats
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A particularly important use-case for 
laser welding in shipbuilding, stressed 
Shekel, is in the joining of dissimilar metals 
together, for example in panel building. ‘You 
should not need a separate filler material or 
component,’ he said, ‘because with deep 
penetration laser welding, the coupling 
can go directly from one part to another. 
Another important part of the laser is the 
low heat-affected zone. A high quality of 
metal is required for shipbuilding, and you 
want to keep that quality with the weld. 
With a low heat-affected zone there is less 
residual stress on the weld.’

The power of diode lasers
Johannes Schäfer, technology and 
strategic key account manager at diode 
laser manufacturer Laserline, sees 
shipbuilding as a relatively conservative 
market, but one gradually taking on new 
technologies. ‘We see that there are still a 
lot of processes which have been used in 
the past, such as submerged arc welding 
– a laborious process that can involve 
workpiece distortion – but there is also laser 

technology now being used for cutting and 
for welding.’ 

Schäfer has noted a particular shift in 
the shipbuilding industry towards laser-gas 
metal arc hybrid welding, a combination 
of gas metal arc (GMA) welding and laser 
beam welding. ‘Despite the higher welding 
speed that laser GMA welding offers, there 
is less distortion in comparison to the old 
fashioned processes, which can help reduce 
production costs,’ he said. ‘It’s not going 
to be used for short seams or traditional 
GMA mouldings, but it can be useful for long 
seams, section weldings around different 
thicknesses, so around 5mm up to 15mm 
and special joints.’

He explained that diode lasers are 
different to other laser systems for 
shipbuilding, in that the combination of high 
power output and comfortable spot sizes 
can allow for optimal gap bridgeability. In 
addition, the energetic homogeneity of 
the spot and the high absorption capacity 
of a typical wavelength mix generate 
unusually calm melt pools, leaving almost 
no impurities on the areas adjoining the 
seams. As combined diode laser systems 
can reach powers of up to 60kW today, 
even ships’ sides of 50mm thickness can 
be welded with two welding runs (layer and 
opposite side). ‘That has an influence and 
impact on the properties like hardness,’ said 
Schäfer. ‘Typically, the hardness peaks in 
the heat-affected zone, that’s a normal point 
of welding. And we can decrease those 

hardness peaks for the types of steels used 
in shipbuilding industries.’

In terms of wavelengths, Schäfer 
explained that Laserline generally produces 
infrared lasers for welding in shipbuilding. 
‘We produce diode lasers up to a very high 
power, up to 45kW or even more, but of 
course, for the shipbuilding industry we 
have the special 60kW laser. It depends on 
the volume and thickness of the sheets that 
the customer demands.’

Developing lasers for the maritime sector
The 60kW power for lasers in shipbuilding 
is the focus of a research project in which 
Laserline has been involved for several 
years. Based in Germany, Thick Metal 
Sheet Welding by High-Power Diode 
Lasers for Maritime Applications (DIOMAR), 
involves a consortium of experts working 
to develop new diode laser beam sources 
with a maximum output of up to 60kW in 
continuous-wave mode.

This is with the aim of ensuring high-
quality laser welding processes for steel 
sheet thicknesses of up to 30mm are 
available for use in shipbuilding and other 
maritime applications.

Laserline has been responsible for the 
development of the new high-power laser 
diode sources. Other organisations in the 
group include German research institute 
Laser Zentrum Hannover, shipbuilding firm 
Meyer Werft, and electronics manufacturer 
Held Systems. DIOMAR is funded by the 
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“Being able to 
produce a high-
quality, relatively 
fast weld on one 
side is a very big 
advantage”



g German Federal Ministry for Economic 
Affairs and Energy.

The overarching aim of the project is 
to establish new laser welding processes 
based on high-power lasers in the maritime 
sector. It is hoped that, by achieving high-
quality joints with high welding speeds, 
costs can be reduced for edge preparation, 
as well as the amount of additional material 
compared to existing joining methods. 
The application development has been 
taking place in both a laser laboratory and 
in a shipyard-like test environment for the 
past three years. This makes it possible to 
quickly test, evaluate and optimise the new 
processes, which the group says could 
complement, or replace, existing processes.

The consortium is particularly keen to 
ensure laser safety for very high laser 
outputs, including the handling of expected 
large quantities of emitted hazardous 
substances. The release of hazardous 
substances from the laser processing zone 
is also being thoroughly investigated under 
the project.

The metal sheet thickness is an important 
issue, as the project demonstrates. 
Schäfer went on to detail the sheer variety 
of thicknesses used in shipbuilding. ‘It 
depends on the construction of the ships, 
the rudders and the lower bottom of the 
ships have some very high thicknesses up 
to 15mm, or sometimes even more. Every 
ship is different, and some use thinner 
material, but when you’re going upwards on 
the ships, the thicknesses also decrease, so 
it’s mostly a range of 5 to 15mm.’ In terms 
of the material itself, Schäfer explained that 
there is a high quantity of sheets used. ‘That 
sheet material is mostly plex steel,’ he said.

Laserline has been supplying and 
developing lasers for maritime for some 
years now, and Schäfer offered some insight 
into how manufacturers can get involved in 
shipbuilding projects. ‘The industry has its 
own qualification process,’ he said. ‘They 
have to qualify the process and they have 
to make sure that the process and the weld 
is secure. That’s the point at which they 

have to do a qualification which is done by 
a third party – here in Germany, that’s an 
organisation which controls the welders for 
the shipbuilding industry. When they are 
looking at the paperwork, we introduce the 
laser processing and we give some samples 
for analysis.’

Cutting on the XXL scale
The use of lasers for cutting in the maritime 
industry is equally well recognised for 
the high-quality, high-precision results 
achieved, not to mention its green 
credentials. With steel plates used as the 
main raw material in shipbuilding, laser 
cutting plates can replace some die-cutting 
methods that require large moulds, thereby 
reducing production times and costs.

Steel processing firm Otto Klostermann 
has realised the benefits as a specialist 
processor of ‘XXL’ formats for its 
shipbuilding clients, as well as the vehicle 
construction, waggon production, bridge 
construction and crane manufacture 
sectors. The company recently invested in 
a LaserMat II machine from Messer Cutting 
Systems, which is available with either a 
4kW or 6kW CO2 laser. ‘Our old laser cutting 
system was getting on in years,’ said Philipp 
Klostermann, managing director of Otto 
Klostermann. ‘It was no longer state of the 
art, and there were no spare parts available 
for it any longer. As the laser machine is 
totally loaded all year round, it was clear that 
we needed a new one.’

The new cutting machine was selected 
because it is specifically designed for 
large plate processing, being capable of 
processing large steel sheets weighing 
many tonnes. The company is now able 
to cut components out of mild steel up 
to 25mm thick, or from stainless steel up 
to 20mm thick. The on-board laser beam 

source (resonator) additionally means that 
plates up to 4.5m wide and up to 30m long 
can be processed. Klostermann explained: 
‘These are exactly the XXL sizes which 
we had in mind. To achieve this, we were 
happy to extend the length of the vibration 
damped foundations of the old laser system 
by 4m.’

An optical beam path length 
compensation keeps the length of the 
laser beam constant during transverse axis 
movements and ensures the highest laser 
beam and cut quality over the entire cutting 
area. The high positioning and repetitive 
accuracy of the system is achieved by a 
series of harmonised functional factors 
such as a track construction suitable 
for laser and robust linear guidance. In 
addition, accelerations of up to 0.5g and a 
simultaneous positioning speed of 100m/
min also ensure high levels of performance 
and speed. There is no need for a full 
enclosure with the CO2 laser, as an on-
board laser beam protection hood complies 
with class 1 laser safety, with the additional 
benefit of easy access for loading and 
unloading, even during operation.

‘What is more,’ said Klostermann, ‘the 
infinitely rotating bevel head enables us 
to perform continuous bevels from -45° to 
+45°. Furthermore, we cannot only prepare 
countersinks with the highest surface 
quality directly during the cutting process, 
but we can also cut and mark with the same 
tool – a saving in costs and time.’ l
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“The laser machine 
is totally loaded all 
year round”
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The latest laser welding processes can make the welding of thick 
materials in ship building more efficient

Civan’s 100kW single mode, continuous wave 
coherent beam combining fibre laser offers 
advantages for shipbuilding
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Daniel Holder, of the IFSW at the 
University of Stuttgart, shares how 
new USP laser technologies could 
facilitate the rapid micromachining 
of silicon wafers

  @researchinfo  |  www.researchinformation.info

For the high-power 
micromachining of silicon 
wafers, a novel ultrashort pulse 
(USP) laser beam source with an 
average power exceeding 1kW, 
and a process for machining 
high-quality surfaces at high 
throughput, were developed in 
the EU project Hiperdias, which 
concluded in 2019. 

The project not only achieved 
a record-breaking material 
removal rate of 3.8mm³/s at 
low roughness Sa < 0.6µm, 
but also saw high-power 
micromachining with over 
1kW average laser power at 
sub-picosecond pulse duration 
demonstrated for the first time.

Micromachining with USP 
lasers enables the creation 
of technical, high-quality 
surfaces with low roughness 
and minimised melt formation, 
due to the low and local 
heat input. A fast and local 
removal of the material is 
necessary for the application 
of laser micromachining 
in processes with larger 

machining volumes. Examples 
include post-processing of 
additively manufactured metal 
components to improve their 
shape accuracy and surface 
quality1, or the removal of 
damaged areas in the repair of 
carbon fibre-reinforced plastic 
(CFRP) components2. 

An emerging topic with 
applications in medical imaging, 
security and communication 
is the manufacture of 
optics for terahertz (THz) 
radiation. The optics can be 
manufactured from silicon 
wafers by micromachining 
with USP lasers. In the past, 
laser micromachining has 
been limited in many potential 
applications due to the low 
available average laser power 
and resulting low throughputs. 
With the recent development 
of beam sources in the kW 
range, new challenges are now 
emerging in converting the high 
laser power into high quality at 
high throughputs. 

Equipment setup
To address these challenges, 
an application laboratory for 
high-power USP lasers in the 
kW range was established at 
the IFSW at the University of 
Stuttgart3. The beam source 
developed in Hiperdias was built 
at the IFSW4 and emitted laser 
pulses with duration <600fs at 
a wavelength of 1,030nm and 
a beam quality of M² < 1.5. The 
linearly polarised laser beam 

was guided into a Lasea LS 5-1 
processing station (see figure 1) 
by means of deflection mirrors. 

After the focusing optics with 
a focal length of 580mm and a 
galvanometer scanner for fast 
beam deflection, a maximum 
available average power of 
1,010W could be measured on 
the workpiece. The laser was 
operated at a repetition rate 
of 500kHz, which corresponds 
to a maximum available single 
pulse energy of 2.02mJ. The 
single pulse energy could be 
evenly distributed over five 
sub-pulses in a burst train, each 
with a time interval of 23ns. The 
minimum beam diameter on 
the workpiece surface with the 
focus position on the workpiece 
surface was about 90µm. 
The process development 

High-throughput, high-quality
micromachining of semiconductors
with a 1kW sub-picosecond laser
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was carried out in an ambient 
atmosphere on the polished 
side of 100mm diameter, 
1mm-thick silicon wafers. 
Squares of 5 x 5mm² were 
scanned along parallel offset 
lines to create cavities. Figure 2 
shows an example of the 
resulting surfaces after laser 
micromachining with different 
processing parameters. To 
increase the depth of the 
cavities, several scans were 
performed. 

Machining strategy
Machining with the focal 
position on the sample surface 
resulted in a laser fluence 
(energy density) per sub-pulse 
of 12J/cm² on the workpiece 
at 950W average laser power, 
which is a factor of 120 above 

Co-authored by: Christoph 
Röcker, Rudolf Weber, Marwan 
Abdou Ahmed and Thomas 
Graf, of the IFSW at the 
University of Stuttgart; David 
Bruneel of Lasea; Gerhard Kunz 
of Bosch; and Martin Delaigue 
of Amplitude.

Figure 1: Processing station from Lasea for micromachining 
with a 1kW sub-picosecond laser from the IFSW
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the ablation threshold of 0.1J/
cm². Machining with high 
laser fluences caused a high 
roughness Sa = 16.6µm, as 
well as nanocracks and melt 
formation on the surface (see 
figure 3a). By shifting the focal 
position about four Rayleigh 
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lengths (17mm) below the 
sample surface, the beam 
diameter was increased to 
about 370µm and the laser 
fluence was reduced to about 
0.7J/cm². Machining with 
low laser fluence caused a 
significantly reduced roughness 

Sa = 3.6µm, but nanocracks 
and solidified melt were still 
visible on the surface (see 
figure 3b). Due to the increased 
beam diameter at a constant 
scanning speed of 10m/s over 
the workpiece, increased pulse-
to-pulse heat accumulation 
and overheating of the surface 
occurred. By increasing the 
scanning speed to 24m/s, the 
roughness was further reduced 
to Sa = 0.4µm and surface 
defects such as nanocracks and 
melt formation were completely 
avoided. The resulting surface 
with a fine ripple structure 
is shown in figure 3c. More 
detailed investigations and 
correlations on the influence 
of machining parameters on 
surface quality and removal rate 
in the micromachining of silicon 
have also been published5,6.

Demonstration
At an average laser power of 
1.01kW, the machining strategy 
of low laser fluence and high 
scanning speed demonstrated 
high-quality 3D micromachining 
using a wedge-shaped 
geometry with an area of 
5 x 5mm² and continuous depth 
increase to over 300µm cavity 
depth (see left of figure 4). 
The low average roughness 
of Sa = 0.6µm and low peak-
to-valley roughness of 5.7µm 
over the entire wedge surface 
demonstrate a high machining 
quality, thus a possible use in 
applications with high demands 
on surface quality, such as 
THz optics. At the same time, a 
record-breaking throughput for 
micromachining was achieved 
with a very high material 
removal rate of 3.8mm³/s or 
230mm³/min, corresponding 
to an increase of about a 
factor of 440 for comparable 
surface finishes. Due to 
the large machining field of 
300 x 300mm², it was possible 
to produce large-area and high-
quality surface structuring on 
silicon wafers (right of figure 4).

The compatibility of high 
quality and simultaneously high 
throughput in micromachining 
with USP lasers in the kW range 
is not limited to silicon with the 
developed machining strategy. 
The application on metals such 
as stainless steel, copper and 
aluminium (see figure 5) showed 
comparable results to silicon, 
with a fine ripple structure on 
the surface and roughness Sa 
in the range of 1µm at removal 
rates of 2 to 3mm³/s.

Future work
These results show the great 
potential of high average 
power USP lasers in high-
quality micromachining of 
semiconductors and metals 
with high throughputs. Future 
research topics are the 
elaboration of strategies and 
development of technologies 
for the implementation of the 
high powers on the workpiece, 
for applications with smaller 
target geometries, for example 
by means of beam shaping and 
beam splitting.
This project received funding 
from the European Union’s 
Horizon 2020 research and 
innovation programme under 
Grant Agreement No 687880. l

“Laser micromachining has previously 
been limited in many applications due 
to the low available average power”

Figure 2: Silicon wafer structured with ultrashort laser pulses

Figure 3: Machining strategies and resulting surface structure in the 
micromachining of silicon with ultrashort laser pulses and 950W average 
laser power

References
1.  D. Holder, A. Leis, M. Buser, R. Weber, and T. 

Graf, ‘High-quality net shape geometries from 
additively manufactured parts using closed-
loop controlled ablation with ultrashort laser 
pulses,’ Advanced Optical Technologies 9, 
101–110 (2020).

2.  D. Holder, M. Buser, S. Boley, R. Weber, and T. 
Graf, ‘Image processing based detection of 
the fibre orientation during depth-controlled 
laser ablation of CFRP monitored by optical 
coherence tomography,’ Materials & Design 
203, 109567 (2021).

3.  A. Peter, D. Brinkmeier, M. Buser, V. Onuseit, 
and T. Graf, ‘Automated free-space beam 
delivery system for ultrafast laser beams in 
the kW regime,’ Procedia CIRP 94, 951–956 
(2020).

4.  C. Röcker, A. Loescher, M. Delaigue, C. 
Hönninger, E. Mottay, T. Graf, and M. A. Ahmed, 
‘Flexible Sub-1 ps Ultrafast Laser Exceeding 
1 kW of Output Power for High-Throughput 
Surface Structuring,’ in Laser Congress 2019 
(ASSL, LAC, LS&C) (OSA), AM4A.2.

5.  D. Holder, R. Weber, C. Röcker, G. Kunz, D. 
Bruneel, M. Delaigue, T. Graf, and M. A. Ahmed, 
‘High-quality high-throughput silicon laser 
milling using a 1kW sub-picosecond laser,’ 
Optics letters 46, 384–387 (2021).

6.  D. Holder, R. Weber, C. Röcker, G. Kunz, D. 
Bruneel, M. Delaigue, T. Graf, and M. A. Ahmed, 
‘Scaling the throughput of high-quality 
silicon laser micromachining,’ Lasers in 
Manufacturing Conference (2021).

Daniel Holder is a research 
associate for laser material 
processing at the IFSW

Figure 4: High-quality 3D micromachining and large-area surface structuring 
of silicon with ultrashort laser pulses and 1.01kW average laser power

Figure 5: High-quality micromachining of a) stainless steel, b) copper and c) 
aluminium with simultaneous high throughputs using ultrashort laser pulses 
and 1.01kW average laser power
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Laser Zentrum Hannover’s 
Rabi Lahdo and Stefan 
Kaierle describe a process 
that promises big benefits for 
heavy industry 

  @researchinfo  |  www.researchinformation.info
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Duplex steels are used in 
many applications that place 
high demands on strength, 
toughness and corrosion 
resistance. After they were 
introduced for industrial use 
in the early 1980s, duplex 
steels were primarily used 
in applications in the oil 
and gas industry1, where 
corrosive materials are stored, 
transported or processed.

Duplex steels were 
continuously developed and 
became established in multiple 
industries, for example in the 
building of cargo tanks for 
ships2, or the construction of 
bridges3,4. 

In combination, duplex steels 
achieve excellent properties. 
For example, a structure 
consisting of 40 per cent delta 
ferrite and 60 per cent austenite 
exhibits high strength and 
toughness, as well as good 
resistance to corrosion and 
stress corrosion cracking5,6,7.

When welding duplex steels, 
the temperature regime has 
to be especially considered 
to maintain the delta ferrite-
austenite structure. On the 
one hand, excessive cooling 
time leads to precipitation 

of, for example, sigma- and 
chi-phases, as well as to the 
formation of a brittle coarse 
grain zone in the delta ferrite 
region. Both phases reduce 
corrosion resistance and 
toughness. Insufficient cooling 
time, on the other hand, results 
in a low austenite formation in 
the weld, whereby the corrosion 
resistance is strongly limited8. 

Arc or beam welding?
Duplex steels can either be 
arc welded using tungsten 
inert gas welding (TIG), gas 
metal arc welding (GMAW) and 
submerged-arc welding (SAW), 
or beam welded using electron/
laser beam welding (EBW/LBW). 

The arc-welded joints have 
good mechanical-technological 
properties and good corrosion 
resistance. But these joints are 
characterised by a multi-layer 
weld, combined with complex 
edge preparation and a high 
consumption of filler material. 
The consequence is a high 
production time, as well as high 
production costs. In addition, 
the high-performance arc 
welding processes are limited 
by high heat input during 
welding. 

In the case of beam-welded 
joints, the production time and 
production costs are lower, but 
the structure is characterised 
by an unfavourable delta 
ferrite-austenite ratio, with a 
high delta ferrite proportion. 
The consequence is reduced 

corrosion resistance and notch 
impact resistance, so much so 
that beam welding processes 
have not yet been established 
in practice. Standards such 
as ISO 1516-3 for oil and gas, 
ISO 17781 for petrochemicals, 
M-601 for piping or EN 13445-4 
for pressure vessels require at 
least 30 per cent austenite in 
the weld metal and in the heat-
affected zone.

Why not both?
At Laser Zentrum Hannover 
we have developed a laser 

Laser beam-submerged arc 
hybrid welding of thick 
duplex steels for industry
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beam-submerged arc (LB-SA) 
hybrid welding process – where 
the laser beam and submerged 
arc act in a common process/
melting zone – to combine 
the advantages of SAW and 
LBW. The process offers high 
productivity due to achieving 
a high welding speed and a 
high penetration depth for a 
small number of layers. At the 
same time, high seam quality 
regarding the delta ferrite-
austenite ratio is achieved due 
to controlled heat input and 
alloying with the filler material 

Co-authored by Sarah 
Nothdurft and Jörg Hermsdorf 
of Laser Zentrum Hannover

Figure 1: Appearance of top (a) and root (b) of laser beam-submerged arc 
hybrid welded seams; cross-section (c); the austenite content along the 
vertical centre line of the weld metal within the penetration depth of the filler 
material in the submerged arc-dominated zone (d) and laser beam-dominated 
zone (e), as well as below the penetration depth of the filler material (f)
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– which itself is consumed at a 
lower rate9. 

Our investigation of the 
LB-SA hybrid welding process 
was carried out using a 
TruDisk 16002 disc laser beam 
source from Trumpf Laser- 
und Systemtechnik, with a 
maximum power of 16kW. An 
LAF 1001 welding current 
source from ESAB Welding & 
Cutting, with a maximum current 
of 1,000A, was also used. For 
the process development 
we used 1.4462 duplex steel 
from Outokumpu Nirosta 
with a thickness of 16mm. 
S 22 9 N L / ER2209 filler wire 
with a diameter of 2.4mm 
was also used in combination 
with basic non-alloying 
agglomerated SAW-flux (10.93). 

LB-SA hybrid welding was 
carried out on y-seams in a butt 
configuration with an opening 
angle of 30° and a bevel height 
of 5mm in the flat position. 
Using 5kW laser beam power, 
a welding speed of 0.6m/min, a 
current of 500A and a voltage 
of 30V, the resultant seams 
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had a good appearance: a 
homogeneous top and roots 
without undercuts, spatter, 
high root reinforcement or root 
dropping.

The top view of the top of the 
LB-SA hybrid welded seam is 
illustrated in figure 1a and the 
root illustrated in figure 1b. The 
quality and typical geometry 
of hybrid welded seams can 
also be observed in cross-
sections such as that in figure 
1c, which shows a large SA-
dominated zone and a narrow 
LB-dominated zone. Due to 
the use of filler material, the 
entire SA-dominated zone and 
part of the LB-dominated zone 
shows a higher nickel content, 
which may lead to the formation 
of austenite. To confirm the 
minimum 30 per cent austenite 
requirement highlighted earlier, 
we used metallographic analysis 
to investigate our results. 

Figures 1d ,1e and 1f show 
the austenite content along the 
vertical centre line of the weld 
metal within the penetration 
depth of the filler material in 

the SA-dominated zone and 
LB-dominated zone, as well as 
below the penetration depth of 
the filler material. The austenite 
content within the penetration 
depth of the filler material is 
comparatively higher than 
below its penetration depth. 
This can be explained by the 
fact that the filler material has a 
higher proportion of austenite-
forming nickel compared to 
the base material. On the other 
hand, the penetration depth 
range of the filler material 
is primarily characterised 
by the SA-dominated area, 
which demonstrated a lower 
cooling rate and longer cooling 
time compared to the laser-
dominated area. At a welding 
speed of 0.6m/min, an average 
austenite content of at least 
30 per cent can be achieved 
even below the penetration 
depth of the filler metal. 
Comparatively, autogenous 
laser beam welding at a 
comparable speed results in 
an austenite content of about 
13 per cent. 

Outlook
In view of our findings, it can be 
concluded that LB-SA hybrid 
welding leads to an extension of 
the cooling time and thus also 
to a higher austenite content. 
Using higher welding speeds, 
the required minimum 30 per 
cent austenite content below 
the penetration depth of the 
filler material cannot be met. 

It is therefore obvious that 
LB-SA hybrid welding is an 
efficient single-layer welding 
process for joining thick duplex 
steels to increase the welding 
productivity of duplex steels for 
industry. For joining duplex steel 
with a thickness of 16mm using 
conventional SAW, a double-
side welding process with at 
least three layers is necessary. 

“This is an 
efficient single-
layer welding 
process for 
joining thick 
duplex steels”

Duplex steels are used in building cargo containers for ships, as well as in 
the construction of bridges
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In addition, a lower consumption 
of filler material compared to 
SAW is achieved using LB-SA 
hybrid welding, due to a hybrid-
specific y-seam preparation 
with a low opening angle and 
high bevel height. The hybrid-
welded seams show high quality 
regarding imperfections and the 
required ferrite-austenite ratio 
of at least 30 per cent austenite, 
at a welding speed of 0.6m/min. 

Further investigations will be 
carried out with a laser beam 
that is wobbled transversal 
to the welding direction, to 
increase the penetration depth 
of the filler material, using laser 
beam powers up to 16kW to 
increase the austenite content 
as a result of longer cooling 
time at high welding speeds. l
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Application (FOSTA), Düsseldorf, is 
supported by the Federal Ministry 
of Economic Affairs and Energy 
through the German Federation of 
Industrial Research Associations as 
part of a programme for promoting 
industrial cooperative research, on 
the basis of a decision by the German 
Bundestag. The project is carried 
out at Laser Zentrum Hannover e.V. 
and Fraunhofer Institute for Machine 
Tools and Forming Technology IWU.



Joerg Volpp and Adrien da Silva, at 
the Luleå University of Technology, 
investigate beam shaping possibilities  
for high-power processing

  @researchinfo  |  www.researchinformation.info

Beam shaping technologies 
open up new possibilities 
and processing options for 
controlling heat input during 
laser materials processing. 
For high-power applications, 
beam shaping is usually done 
through either beam oscillation 
or by manipulating the spatial 
intensity distribution of the 

beam in one layer to create, for 
example, several laser spots, 
tophat profiles or donut profiles.

Refractive optics for high-
power laser applications
Refractive beam shaping, 
which uses either mirrors or 
lenses, enables nearly lossless 
laser energy transfer through 
refractive optics, with a high 
flexibility of energy distribution 
in one plane or along the beam 
axis, for example between 
single laser spots, which has 
been shown to improve process 
quality. 

Recently we’ve installed and 

New refractive beam shaping methods
for laser materials processing
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Co-authored by Alexander 
Laskin, from Adloptica

Figure 1: Optics and beam measurements of up to four beams next to each 
other (top, QuattroXX) and along the beam axis (bottom, FoXXus)

tested Adloptica’s QuattroXX 
and FoXXus refractive optics 
in the laser laboratory at Luleå 
University to explore the effects 
of beam shaping on laser 
material processing at high 
power. Both optics are capable 
of splitting a laser beam into 
up to four separate beams. The 
QuattroXX produces spots 
beside each other, while the 
FoXXus enables manipulation 
of the beam waist distribution 
along the beam axis (see 
figure 1). For both optics, the 
distance between the spots is 
defined by the optical setup, 
while the intensity in each spot 
can be manually changed by 
rotating the optical elements 
relative to each other.

Bridging the gap
A widely known challenge 
in laser welding is gap 
bridgeability. Due to its 
typically small dimensions, 
a high intensity laser beam 
can transmit through the gap 

between the joining partners. 
This leads to a loss of energy 
and a reduced energy input 
for the welding process, which 
can be interrupted or lead to a 
reduced penetration depth, lack 
of fusion and thereby reduced 
mechanical properties. 

Using the beam shapes 
enabled by the QuattroXX, it 
was possible to increase the 
bridgeable gap width from 0.1 
to > 0.4mm in the used setup. 
Two dual-phase steel sheets 
(DP800 and DP1000 at 1.1mm 
thickness) were joined in butt 
joint configuration at a laser 
power of 3kW (15kW IPG fibre 
laser) and a processing speed 
of 3m/min, welded in the focal 
position of the beam. 

As the energy input can be 
shifted to the joining partners 
without gap transmission 
losses, the optic’s additional 
feature of varying energy 
densities between individual 
laser spots also opens up new 
possibilities in joining dissimilar 

Figure 2: High-speed images (top) and vapour channel appearance (bottom) at 
different beam shapes produced with FoXXus with several beam waists along 
the optical axis: a) two distant beam waists, b) four beam waists and c) two 
close beam waists.



materials by tailoring the beam 
to their boundary conditions. 
Such as by applying a higher 
energy input into the material 
with a higher melting point. 

These first tests using the 
same processing parameters, 
as described above, indicate 
that tailoring the heat input 
even improves the joining 
of sheets with different 
thicknesses by guiding the melt 
and enabling robust bonding. 
This effect was shown for a 
DP800 (2mm thickness) and 
a DP1000 (1.1mm thickness) 
configuration, while the focal 
position of the laser beam was 
positioned on the material 
surface of the DP800 sheet. 
In addition, the distribution of 
laser energy into several spots 
next to each other was found to 
enable a reduction of spatter in 
the deep penetration welding 
of steel sheets. Spattering can 
occur when the metal vapour 
exiting from the vapour channel 
detaches melt drops from the 
surrounding melt pool. The 
wider opening of the vapour 

ANALYSIS: BEAM SHAPING

channel using multiple beams 
can lead to a decreased melt 
detachment probability, and 
therefore a higher quality 
weld seam and less solidified 
spatters attached on the 
welded parts. 

The creation of up to four 
beam waists along the optical 
axis using the FoXXus optic 
denotes a quasi-elongated 
depth of field. The experimental 
setup consisted of a beam 
created by a 15kw IPG fibre 
laser, guided by a 100µm 
diameter fibre to create the 
several foci with a focusing 
lens of 200mm focal length. 
A laser power of 5kW at a 
processing speed of 7.5m/min, 
including argon gas shielding, 
was applied. Experimenting 
with both titanium and steel 
alloy sheets of 1mm thickness 
indicated the positioning of the 
laser beam waists influences 
spattering, while the created 
wider keyhole opening 
supports spatter suppression. 
It is assumed the more 
homogeneous energy input into 

the depth of the vapour channel 
leads to a more stable process 
(figure 2). 

An additional feature of 
the FoXXus laser beam is the 
creation of multiple different 
spatial intensity distributions 
along the beam axis. In the 
beam waists, the fibre end 
is visible as a tophat profile. 
However, the central tophat 
profile is superpositioned by 
the other beams, which leads 
to additional intensity around 
the central spot. Such beam 
intensity distributions are 
assumed to support welding, 
cladding and additive processes 
in the future.

“Beam shaping 
offers a new 
promising 
parameter for 
laser process 
optimisation”

Joerg Volpp is an associate 
professor and Adrien da Silva is a 
PhD student at the Luleå University 
of Technology

Outlook
Refractive beam shaping offers 
the possibility to produce 
several tailored beam shapes 
at low cost. We have identified 
fields of applications for 
refractive beam shaping at 
high laser power, which offers 
a promising parameter for 
laser process optimisation. 
High potential applications are 
seen in additive manufacturing, 
to reduce process dynamics 
in powder bed processes or 
increase the process efficiency 
in directed energy deposition 
by tailoring the melt pool 
dimensions. Spatter reduction 
and increased gap bridgeability 
were achieved when welding 
steel and titanium sheets at 
high laser power. However, 
the findings indicate that the 
effects can be reproduced and 
transferred to further materials 
and process dimensions. l
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Christian Geiger and Tony Weiss, of the 
TUM Institute for Machine Tools and 
Industrial Management, evaluate laser 
technology readiness for the mass-
production of electric vehicles
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To meet CO2 emission reduction 
requirements, a transformation 
of the mobility sector from 
fossil-fuel-powered vehicles to 
electrified vehicles is underway. 
To increase the acceptance 
of e-mobility in society, the 
drawbacks compared to 
fossil-fuel-powered vehicles, 
such as higher prices and 
smaller driving ranges, must be 
overcome. 

Research is focused 
on mass reduction by 
lightweight designs and on 
the development of energy 
storage devices with high 
energy densities, such as 
lithium-ion batteries (LIBs) or all 
solid-state batteries (ASSBs) to 
advance zero-emission mobility 
solutions. With the advent of 
technologies in e-mobility, new 
materials, miniaturisation and 
individualisation of components 
can all be realised in new 
manufacturing processes for 
series production. 

Laser material processing 
can contribute to reducing 
production costs and enabling 
designs due to its high level of 
flexibility, productivity and wear-
free operation.

At the Institute for 

Machine Tools and Industrial 
Management at the Technical 
University of Munich (TUM), 
relevant laser technologies 
currently being researched 
were evaluated and their 
technology readiness levels 
(TRL) methodically determined. 
The TRL is intended to enable 
companies to determine at what 
point laser materials processing 
is ready for use in an industrial 
environment.

TRL evaluation
The identification of threats 
and opportunities, as well 
as technology needs, 

is a necessary step for 
companies to maintain 
their competitiveness1. The 
systematic analysis and the 
structured management of 
production technologies 
support manufacturing 
companies during this 
process and ensure market 
competitiveness, especially in 
emerging fields of application 
such as battery production2. In 
2011, Reinhart et al. introduced 
a method based on the concept 
of the TRL3 to evaluate the 
maturity of technologies. Within 
the study that is presented 
in the following, experts with 

How ready is laser material processing
for serial e-mobility production?
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years of experience in the 
field of laser manufacturing 
technologies evaluated the 
maturity of processes, means 
of production and sensors used 
for laser materials processing 
to create a maturity profile 
that determines the required 
expenditure for R&D along a 
maturity scale. 

This scale includes basic 
research activities (TRL 1), 
feasibility studies (TRL 2), 
technology development (TRL 
3) and demonstration (TRL 
4), integration in production 
resources (TRL 5) and in 
environments (TRL 6), as well 

Co-authored by Christian Stadter 
and Professor Michael Zaeh, 
from TUM Institute for Machine 
Tools and Industrial Management

Figure 1: (top) metallographic cross-section of a joint made with green continuous-wave laser beam 
radiation and (bottom) process model for the concept of digital laser beam welding
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as the application in serial 
production (TRL 7)4. In this 
work the method was used to 
determine the TRL of currently 
researched technologies in 
laser materials processing. 
The evaluation of the TRL is 
summarised for this article. A 
more detailed discussion can 
be found in the proceedings 
of the Lasers in Manufacturing 
Conference 20215.

Laser beam welding for 
the production of power 
electronics 
For the design and 
manufacturing of power 
electronics, laser beam welding 
(LBW) opens up possibilities 
due to its high precision and 
flexibility. To enable the joining 
of copper with a high process 
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efficiency, new laser beam 
sources emitting radiation in 
the visible spectrum (blue and 
green) have been developed 
in recent years to make use 
of the higher absorptivity of 
copper for these wavelengths 
compared to infrared radiation6. 
Green laser radiation for 
example, at a wavelength of 
515nm, can be used to join 
copper to a ceramic substrate, 
as shown by a metallographic 
cross section in figure 1a. 

The evaluation of the current 
technological maturity level for 
LBW in the production of power 
electronics showed that further 
experimental investigations are 
necessary, with consideration 
to the characteristics of 
the workpiece, such as the 
properties of the substrate and 
the metalised semiconductor. 
Additionally, further adaptations 
are necessary to join complex 
geometries. Combined with 
the development of suitable 
methods for automatic inline 
quality assurance, the high 
productivity of LBW can be 
fully exploited to reduce 
manufacturing costs and enable 
innovative products in the 
future. 

Digital laser beam welding 
Digital laser beam welding 
(DLBW) involves the use of 
relevant quality characteristics 

derived from real-time process 
variables – also known as 
closed loop processing – to 
fulfill process requirements 
regarding control and resultant 
product quality. Process 
monitoring is becoming 
increasingly important for this. 

To a large extent, optical 
methods are largely suited to 
process monitoring for DLBW7. 
Low coherence interferometry, 
for example, allows dimensional 
quantities of process variables 
to be recorded inline. This 
enables the recording of 
process variables independent 
from process emissions, which 
enables precise and temporally 
highly-resolved geometric 
measurements. 

As a result, the surface 
topography8 and the capillary 
depth9 can be assessed despite 
process emissions prevailing 
in the process zone at high 
intensities. The complex signal 
structure of the measured 
inline data requires a holistic 
investigation of the necessary 
data processing pipeline – as 
outlined in figure 1b (based on 
VDMA (2020)10) – to use the 
measured weld depth profile 
for the prediction of the surface 
quality11. 

The evaluation of DLBW’s 
TRL showed an advanced level 
of development for already-
demonstrated approaches 

“Systematic 
analysis and 
structured 
management 
of production 
technologies 
support 
manufacturing 
companies”

and systems, indicating 
that the concept of DLBW 
can be transferred to series 
applications for e-mobility in the 
near future.

Further research has to 
address the optimisation and 
qualification of the technology 
for series production facilities. 
Based on a technology 
demonstrator, prototypes 
have to be integrated into a 
real production environment 
to evaluate the full spectrum 
of possible process and 
environmental boundary 
conditions. 

Laser-based surface pre-
treatment for joining metals 
and reinforced plastics 
As shown in figure 2a, laser 
materials processing can 
be used for functionalising 
metallic surfaces to improve 
the bonding properties to 
polymers, such as strength12 
or tightness13. The quantitative 
evaluation of the technological 
readiness is oriented towards 
a subtractive modification 
using pulsed and continuous-
wave (CW) laser radiation as 
the dominant area of research. 
Thorough and structured 
research into theoretical 
fundamentals of the interaction 
between the laser radiation and 
material has been carried out, 
as indicated in the evaluation of 
the TRL.

Nevertheless, the technology 
has not yet been widely 
established in industrial use. In 
addition to financial aspects, 
it is not sufficiently qualified 
towards the particular industry-
specific, technical requirements 

Figure 2: (top) metal-plastic hybrids with applied laser pre-treatment and (bottom) high-
speed camera image of LMD using coaxial wire feeding

“TRL enables 
firms to 
determine the 
point laser 
materials 
processing 
is ready for 
an industrial 
environment”
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– the productivity of the 
processing, the complexity 
of the defined geometry or 
the quality of the joint. For 
this reason, a combination of 
process acceleration and high-
performance systems will be 
necessary to process at higher 
area rates. 

To ensure the surface quality 
under industrial manufacturing 
conditions, an efficient 
quality assurance for the 
pre-treatment and the joining 
process is necessary. Integrable 
measuring systems, whose 
inline measurements enable 
process control, are an elegant 
approach in this case. 

Additive manufacturing using 
laser metal deposition (LMD) 
with coaxial wire feeding 
In science and industry, 
additive manufacturing of 
metals to apply protective 
coatings, to build up complex, 
lightweight structures and 
to repair worn or damaged 
components, is currently 
the subject of intensive R&D. 
For e-mobility, the ability to 
produce lightweight structural 
components is of particular 
interest. 

Commonly, powder or wire 
is continuously and locally fed 
to a substrate into a laser-
induced molten pool. Areas of 
application are still emerging 
through specialised additive 
manufacturing processes, 
such as wire-based coaxial 
LMD, as shown in figure 2b. 
One advantage of using wire 
as feedstock is a 100 per 
cent usage of the material. 
Additionally, the effort required 
to protect the operator and the 
environment is significantly 
reduced compared to a powder-
based LMD process. Recent 
developments in laser optics 
that enable coaxial wire feeding 
in the centre of an annular laser 
beam profile14-16 represent 
a relevant step towards an 
industrial relevance of wire-
based LMD.

One of the main challenges 
of the process is that the 
implementation of a new 
system, as well as changes 
in influencing parameters, for 
example, through the use of 

a different material, require 
extensive parameter studies to 
achieve a stable process. For 
this reason, suitable closed-
loop control approaches are 
currently an important part of 
R&D in LMD processes17. In 
this context, the qualification 
of sensor technologies for the 
real-time monitoring of process 
variables is crucial. 

Considering the TRL 
evaluation, theoretical 
fundamentals of the beam-
matter interaction were 
investigated, along with 
feasibility studies of the 
process. Further investigations 
are needed to increase the 
process reliability, as well as 
the automation of LMD and 
to integrate prototypes into a 
series of applications to reach a 
standardised industrial use. 

Battery cell and module 
production 
Within the context of battery 
production, laser materials 
processing can be used as 
a versatile tool to improve 
production steps or modify 
components. In lithium-ion 
cell-based battery storages, 
up to several thousand 
electrical contacts have to be 
manufactured18. 

LBW – with its advantageous 
properties such as a high 
degree of automation, a low 

cycle time and a precise local 
energy input – is a promising 
technology19. However, 
LBW of highly electrically 
and thermally conductive 
materials, such as aluminium 
and copper, is challenging20. In 
several publications, the high 
reflectivity of copper using 
near-infrared laser radiation 
and the advantages of laser 
beams with wavelengths in 
the visible spectrum were 
discussed21, 22. A battery pack 
demonstrator welded using 
green laser radiation is shown 
in figure 3a. From the evaluated 
TRL it can be concluded that 
LBW for the joining of LIBs 
and cell connectors is about 
to achieve the technological 
maturity to enter serial or mass 
production. However, process 
windows for novel beam 

sources, challenging material 
combinations and an inline 
quality assurance need to be 
investigated more deeply. 

Additionally, laser processes 
are promising with respect to 
the cell-internal contacting of 
LIBs19. In this production step, 
an arrester tab is welded to the 
uncoated parts of the metallic 
current collector foils of the 
electrodes, as shown in figure 
3b. The weld seam ensures 
the mechanical and electrical 
connection. Commonly, 
ultrasonic welding is used 
for joining the electrodes. In 
comparison, laser welding 
enables novel product designs 
by a higher degree of geometric 
flexibility and thus improved 
seam properties23. LBW, with its 
high welding speed, contributes 
to an industrially-scalable 
process. 

In previous studies, laser 
beam sources emitting in the 
infrared and visible wavelength 
spectrum, as well as different 
welding strategies, for example, 
CW and pulsed welding, 
were investigated24, 25. The 
evaluation of the TRL showed 
that further investigations on 
suitable process parameters 
for a varied number of foils 
and the analysis of the thermal 
cell load during joining have to 
be carried out. Verifying the 
technology on large-format 

Figure 3: (top) a battery pack demonstrator welded using green laser 
radiation and (bottom) laser-contacted cell-cab of a lithium-ion battery

“Laser 
materials 
processing is 
indispensable 
for e-mobility. 
Long-term 
it will be 
essential to 
production”
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LIBs and the transfer to an 
industrial production facility are 
also necessary to increase the 
overall TRLs. 

Furthermore, laser materials 
processing can be used to 
improve the electrochemical 
properties of LIBs. Increasing 
the proportionate share of 
active materials to passive 
materials, such as the casing, 
enhances the energy density 
of a LIB. Therefore, thick- and 
highly-compressed electrode 
coatings in the battery can be 
used. However, a decreased 
fast charging ability caused 
by diffusion limitations in the 
electrodes is a major drawback.

Introducing microscopic 
holes in the electrode 
coatings, as presented in 
figure 4a, can address this 
disadvantage. It was shown 
that short-pulsed laser beams 
are a suitable tool for the 
creation of such structures 
with micrometre precision26. 
Besides the enhancements of 
the charging and discharging 
performance of batteries with 
structured electrodes27, an 
increase in their lifetime also 
could be shown in empirical 
studies28. Furthermore, with 
laser structured electrodes 
a facilitated wetting with 
electrolyte was achieved29, 30. 

The TRL evaluation showed 
that the impact of electrode 
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structuring on varying 
substrate materials and the 
thermophysical ablation 
phenomena are not fully 
understood. Additionally, for 
enabling industrial production, 
a strong increase in the process 
speed of laser structuring is 
required and industrial quality 
standards have to be met. 

Moreover, laser materials 
processing advances new 
battery types such as the 
ASSBs. ASSBs with favourable 
performance characteristics, 
for example the high energy 
density, are considered to be a 
promising battery technology31. 
Market availability of ASSBs 
is expected in the next few 
years32. 

However, no production 
routines have been established 
so far. The electrodes and the 

solid electrolyte layers must 
be cut to shape, as shown 
exemplarily in figure 4b, to 
assemble an ASSB. The solid 
electrolytes can be polymeric, 
ceramic or glass-ceramic 
materials33 and the highly 
reactive lithium metal is used 
as an anode material34, which 
requires the integration of the 
production equipment into an 
inert gas atmosphere. 

The evaluation of the TRL 
showed that parameter studies 
must be performed and quality 
measures have to be quantified. 
With production demonstrators, 
in-depth investigations 
under near series production 
conditions can be conducted. 
After that, the integration 
into pilot and industrial-scale 
equipment considering 
the periphery and quality 
monitoring systems should be 
initiated.

Outlook
Laser materials processing 
in the field of e-mobility can 
contribute to a significant 
improvement in many 
applications. As shown in 
this article, this includes the 
enabling of fast charging 
through the cell-internal 
contacting of current collector 
foils, the introduction of 
microscopic structures and 
the additive manufacturing 

of structural components. 
Additionally, laser-based 
manufacturing processes also 
reduce costs, due to their high 
processing speed and wear-
free operation. 

For the future, four major 
trends can be identified: new 
fields of application, sustainable 
production, cheaper beam 
sources and digitisation. As it 
was presented, laser materials 
processing is indispensable 
for e-mobility and it can be 
assumed that in the long term 
it will become an essential part 
of the production of hydrogen 
fuel cells since processes for 
cutting, surface modification 
and joining are also needed in 
this field – even more so for new 
materials. 

In addition to stable and 
reliable manufacturing 
techniques to avoid scrap, 
other processes, such as 
rework or disassembly, 
will also be required for a 
sustainable production. Laser 
processes allow for rework 
due to their high flexibility. 
With the high precision of 
the laser beam, components 
can be disassembled without 
harming the surroundings, 
and therefore it can enable 
a process for products that 
cannot be disassembled 
otherwise. As a result, laser-
based applications promote 
the circular economy. For 
safety-critical products, such as 
battery storages or hydrogen 
fuel cells, a 100 per cent quality 
assurance is essential. To be 
economically competitive, 
this can only be done by 
inline process monitoring and 
suitable evaluation algorithms. 
Digitisation can also extend 
the availability of laser sources 
through predictive maintenance 
and increasing throughput via 
data-based optimisation. l

Figure 4: (top) scanning electron microscopy image of a laser-structured graphite anode and (bottom) 
laser-cut edge of a ceramic solid electrolyte processed with a picosecond pulsed laser system

“Four major 
trends can be 
identified: new 
applications, 
sustainable 
production, 
cheaper beam 
sources and 
digitisation”
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Andrew May, director of ES 
Precision, describes the firm’s 
recent investment in new 
laser technology to unlock 
exciting application sectors
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ES Precision is an Oxford-
based company providing 
laser processing services to 
technology companies in the 
UK and Ireland. The business 
is privately-owned by myself, 
a physicist, and Tim Millard, an 
engineer, each with decades of 
laser industry experience.

Our niche is galvo laser 
processing with five different 
types of laser. Galvo laser 
processing uses a pair of 
extremely rapid mirrors to 
deflect in the x and y directions 
and uses a flatfield lens to 
create a processing area in 
the range of 80 to 300mm2, 
depending on focal length 
chosen. 

The range of lasers we use 
enables us to mark or engrave 
most parts, and cut or drill most 
thin materials. We use CO2 
lasers to mark and cut plastics 
(for example ‘Traffolyte’ laminate 
for rigid signage), wood, leather, 
fabrics and laminated reel-
to-reel tamper-evident label 
materials (Tesa laser labels). 
Our frequency-tripled vanadate 
laser provides extremely 
high beam quality in the UV 
wavelength (355nm), which 
can produce high quality dark 
marks on some plastics that 
1μm wavelength lasers cannot. 
At 1μm output we use YAG, 
vanadate and fibre lasers to 
mark metals and most plastics. 

Our 20W fibre laser can also 
be used to cut and drill metallic 
foils and very thin (around 
0.2mm) sheet metal.

Spotting an opportunity
In recent years we have seen 
increasing opportunities to 
provide a service to cut fine 
structures in thicker metals 
(0.2 to 2mm) for motorsport, 
electronics, aerospace, medical 
device and instrumentation 
manufacturing. Examples 
include: profiling fine serpentine 
structures for flexible heater 
elements (such as those in car 
seats) and motor laminations in 
electrical steel for new motor 
and generator designs; cutting 
molybdenum x-ray targets; 
drilling and cutting components 
of fuel cells, batteries and 
bioanalysis equipment, where 
platinum and exotic metals are 
used as catalysts for chemical 
reactions. 

Compared to the 20W fibre 
laser we currently use, a 100W 
fibre laser would be able to cut 
faster and process more than 
five times the metal thickness, 
owing to the nonlinear nature of 
laser ablation. Using a process 
known as erosion cutting, 
such a laser can make multiple 
passes (sometimes hundreds) 
at very high speeds. The same 
pattern is traced out with each 
pass, ablating several microns 
of material with each pass, 
until a complete cut is made. 
Unlike traditional fusion laser 

cutting, material is cleanly 
ablated away, rather than being 
melted and then blown out of 
the kerf by high pressure gas. 
For very thin materials and tiny 
fragile profile shapes to be cut, 
supporting the metal foil on a 
bed of nails and high flow gas 
injection is often not a good 
solution. An investment case to 
offer a unique service in the UK 
using medium power fibre laser 
erosion cutting therefore looked 
interesting to us.

Overcoming investment 
challenges
Our company is a micro SME 
(fewer than 10 employees; 
less than €2m turnover) and 
during the four years since its 
foundation, all funding has been 
provided by the directors or 
from the reinvestment of profits. 
After year one we invested 
in the UV laser and after 
year two a machining centre 
was purchased. Year three 
concluded in the middle of the 
pandemic, which squeezed 
profits owing to many sectors 
contracting. This was frustrating 
as we wanted to develop the 
erosion cutting plan. 

Retention of control of 
the business and a cautious 
approach to growth are 
important to us, but rather than 
delay the plan for growth we 
decided to see if government 
‘bounce back’ funding could 
be secured. Oxfordshire 
Local Enterprise Partnership 
(OxLEP) offers funding via 
the UK Government’s £900m 
‘Getting Building Fund’,  which 
aims to deliver jobs, skills 

Bounce-back grant
funds new laser erosion
cutting service
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and infrastructure across the 
country in areas facing the 
biggest economic challenges 
as a result of the pandemic. 
Despite never having applied 
for any grant in 25 years as 
company directors, we felt that 
the capital investment project 
was such a close match to 
OxLEP’s Business Investment 
Fund aims, that we should apply. 

The online application 
process was straightforward, 
since the fit between several 
of ES Precision’s target 
markets (such as fuel cells 
and photovoltaics) matched 
some of the fund’s zero carbon 
objectives. Other expected 
applications in the biotech, 
instrumentation and lab-on-a-
chip applications naturally fell in 
with the Covid zeitgeist.

Concern that the application 
process might become too 
time-consuming was not 
justified, not least because it 
was structured as a two-step 
process, so that only after the 
expression of interest passed 
to the shortlist was it necessary 
to commit to a lengthier 
submission. Overall, it took 
just 12 weeks from deciding to 
apply to learning of the grant 
being secured.

The investment
We chose to invest in 
Coherent’s Powerline F series 
100W fibre laser marker as 
its software is compatible 
with our other four Rofin laser 
markers and its CAN-bus 
control architecture allows us 
to configure it to control other 
motion systems such as xy 

Keyence’s Image 
Dimension Measuring 
System for QA on cut 
profiles
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tables (to extend the cutting 
field by step-and-repeat 
motion) and rotary indexers 
(for cutting of cylindrical parts). 
It was important to us that we 
chose a supplier with a strong 
UK-based service department.

The investment also 
included purchase of an 
optical measuring system. Our 
customers are frequently at 
start-up or early growth phases 
– when outsourcing to specialist 
manufacturers is necessary 
and the benefits of a flexible 
service that can be economical 
at even low volume are clear. 
A typical customer will submit 
CAD drawings of the outline 
of the intricate part to be cut 
or the layout of perforations 
to be drilled, and this can 
be downloaded to the laser 
controller software directly. To 
close the loop for QA purposes, 
it is critical that ES Precision 
can provide a certificate of 
dimensional conformity for the 
components shipped. To this 
end, we selected Keyence’s 
IM 8000 Image Dimension 
Measuring System. It is capable 
of providing a dimensioned 
image of the cut profile and, for 
serial production, a pass/fail QA 
test for each item according to 
whichever critical dimensions 
and tolerances we choose to 
set. 

Launching a service to 
support the hydrogen 
economy 
One particularly exciting sector 
currently, and looking forward, 
is a key part of the clean energy 
drive to reduce emissions and 
fight climate change. In August 
the UK Government announced 
its £240m Net Zero Hydrogen 
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Fund, targeting 5MW of low 
carbon hydrogen production 
capacity by 2030. This is the 
equivalent of the natural gas 
used by three million homes. 
Hydrogen is therefore moving 
up the political agenda, and 
should continue to do so when 
the UK hosts the international 
climate change conference 
COP26 in Glasgow in November.

Fuel cells facilitate the 
‘hydrogen economy’ and may 
be a vital component of a 
sustainable future, providing 
electrical power for electronics, 
transport and energy storage. 
Jules Verne, in a remarkably 
prescient vision, wrote that 
‘Water will be the coal of the 
future’ in 1874 ( see below). 
The modern version of the 
crude burning of the hydrogen 
he envisioned is the ‘cold 
combustion’ of hydrogen and 
oxygen within a fuel cell to 
create electricity and the waste 
product – water.

The hydrogen required can 
be created by electrolysis of 
water using surplus green 
electricity from windy or 
sunny days, and represents an 
effective store of electricity 
that current battery technology 
cannot compete with, in terms 
of efficiency and sustainability 

(all battery technologies are 
environmentally expensive).

There are several viable 
designs of fuel cells 
commercially available and in 
development. For low-medium 
output and low temperature 
operation, which suits personal 
electronics and transport, it is 
the PEM fuel cell which seems 
most promising. PEM stands 
for either ‘proton exchange 
membrane’ or ‘polymer 
electrolyte membrane’ and 
a single cell comprises the 
membrane (around 20μm-
thick polymer, which transmits 
protons but not electrons), 
platinum catalysts on each side 
(to facilitate the H2 molecule 
splitting into protons and 
electrons on one side and 
recombination with oxygen 
into water on the other) and 
gas diffusion layers on each 
side (to transport appropriate 
gases in and out). Each of these 
thin ‘membrane electrode 
assemblies’ generates of the 
order of 1V; multiple units 
are assembled into stacks to 
generate more useful voltages. 
Each assembly is separated by 
a bipolar plate and a gasket. 

This is where our new 
investments come into use. It is 
these metal plates and rubber 
gaskets that can be erosion 
cut by fibre and CO2 lasers 
respectively, the new 100W 

laser being able to cut metal 
plates thicker than 0.2mm and 
at a rate which makes medium 
volumes still economical. Short 
production runs, prototyping 
and ramp-up also become 
viable since the laser system 
is digitally controlled so there 
is no need to manufacture 
conventional cutting tools. 

The service ES Precision 
will provide is attractive for its 
quality and flexibility, both at 
development and production 
stages. QA reports from the 
optical measuring system 
provide buyers with the 
certainty that dimensional 
tolerances demanded have 
been met. Lasers can also 
be used to weld the whole 
assembly so that leaks cannot 
occur and also to mark unique 
tracking data on the assembly.

We’re excited to launch this 
service with the help of OxLEP 
and the Getting Building Fund. 
The Keyence system has 
arrived and is proving invaluable 
already. Arrival of the laser in 
November will trigger a phase 
of R&D to optimise the process 
of erosion cutting for a range of 
materials, and we look forward 
to working with companies at 
the forefront of medical device, 
electronics, instrumentation 
and, especially, green electricity 
– from batteries and motors to 
photovoltaics and fuel cells. l

“We have 
seen increasing 
opportunities 
to provide a 
service to cut 
fine structures in 
thicker metals ”
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In his 1874 book L’Ile Mystérieuse (The Mysterious Island) Jules 
Verne stated: ‘water will one day be employed as a fuel, that 
hydrogen and oxygen that constitute it, used singly or together, 
will furnish an inexhaustible source of heat and light, of an intensity 
of which coal is not capable. Someday the coal rooms of steamers 
and the tenders of locomotives will, instead of coal, be stored with 
these two condensed gases, which will burn in the furnaces with 
enormous caloric power… I believe, that when the deposits of coal 
are exhausted, we shall heat and warm ourselves with water… water 
will be the coal of the future.’

VERNE’S VISION OF THE FUTURE

100W Fibre 
Laser Source

Galvo Scanners 
with Mirrors
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Laser erosion process for thin metals



Manuel Henn, Matthias Buser and 
Volkher Onuseit, of the University of 
Stuttgart’s IFSW, combine additive and 
subtractive laser processes to unlock 
new manufacturing possibilities

  @researchinfo  |  www.researchinformation.info

Laser-based powder bed fusion 
of metals (PBF-LB/M) is an 
additive manufacturing process 
used to create highly complex 
parts by melting multiple 
fused beads in consecutive 
layers of metal powder. The 
unrivalled freedom of design 
is its main selling point. Today 
PBF-LB/M is no longer found 
only in scientific labs, with 
several industrial applications 
ranging from prototype work 
and spare-part production to 
small quantity batch-produced 
components. 

The surface quality of PBF-
LB/M parts is often compared 
to that of castings, and post 
processing including support 
structure removal, cleaning, 
deburring or sanding, which is 
mandatory to make parts ready 
to use. Subsequent machining 
operations are needed if 
additional features with an 
accuracy of a few micrometres 
are specified, such as threads, 
precision holes or bearing 
seats. This is necessary due 
to the inherent limitations in 
geometrical accuracy of PBF-
LB/M in the lateral direction. 

The achievable precision is 
determined by process and 

system parameters, primarily 
by the minimum diameter of the 
laser beam on the surface of the 
printed part, which is typically 
50 to 500µm. Additionally, feed 
rate and laser power determine 
the width of the melt pool and 
thus the minimum structure 
size. By leaving a gap between 
two adjacent scan lines, small 
structures such as internal slits 
with a width of about 100µm 
can be created1. However, the 
generated slits lack contour 
sharpness caused by the 
freeform solidification of the 
melt and the interactions of the 
incident laser beam, melt pool 
and powder2,3. This effect can 
be compensated to an extent 
using an even smaller focal 
diameter and finer powders4,5. 

But there are numerous 
industrial applications that 
require parts with internal 
micro-structures on the 
micrometre scale. Such 
applications cannot be realised 
with PBF-LB/M components if 
the structure is geometrically 
too sophisticated for common 
subtractive post-processes, or 
the structure is inaccessible for 
post-processing.

The aim
Overcoming these limitations 
is the goal of a new research 

project at the Institut für 
Strahlwerkzeuge (IFSW) at 
the University of Stuttgart. 
Together with its partners 
from the Laser Application 
Centre (LAZ) at Aalen 
University, and the Institute for 
Production Engineering (WBK) 
of the Karlsruhe Institute of 
Technology, the IFSW launched 
the research project ADDSUB 
as part of Innovation Campus 
Future Mobility, which is funded 
by the Ministry of Science, 
Research and Arts of Baden-
Württemberg state. 

ADDSUB aims to combine 
additive and subtractive laser 
processes in the same machine. 
An animation of such a process 
is on IFSW’s YouTube channel6. 
By laser ablating precise micro 
features in each layer, the team 
aims to increase achievable 
accuracy by at least an order 
of magnitude compared to 
the conventional PBF-LB/M 
process.

The application for this 
technology within ADDSUB is 
printing top-performing soft 
magnetic components for 
electric motors. Such parts 
have been made from stacked 
sheet metal to combine the 

Taking powder bed fusion precision to
the next level with in-situ laser ablation
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superior flux-conducting 
properties of the base 
material with an eddy-current-
prohibiting design, i.e. the high-
resistance interface between 
the sheets. With PBF-LB/M, the 
design constraints by stacking 
sheets can be overcome, and 
the geometry of, for example, an 
optimised stator of a transverse 
flux machine, or an electric 
motor for wheel hub drives, 
can be produced as a single 
printed part. However, the thin 
slits required for eddy-current 
prevention pose a challenge to 
conventional PBF-LB/M. 

To exceed current limitations 
on narrow slits in printed parts, 
ultrafast laser ablation of single 
lines within every newly built-up 
layer is going to be used to 
produce vertical slits across 
multiple layers, mimicking the 
effect of sheet stacking.

The experiments
To the best of the authors’ 
knowledge, there is currently no 
laser beam source of combined 
continuous-wave and ultrafast 
capability with the needed 
high average power available 
on the market. Therefore, 
the experimental system 
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Figure 1: Schematic illustration of the experimental setup for the combined 
additive and subtractive laser processes
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incorporates two separate 
beam sources.

A schematic illustration 
of such a system is shown 
in figure 1, consisting of a 
custom-built powder bed, a 
galvanometer scanner with 
an f-theta lens, and two laser 
sources. A continuous-wave 
laser is used for the additive 
process of melting the metal 
powder for each new layer. 
The ultrafast laser is used to 
locally ablate material after 
each melting process. Both 
laser sources operate at the 
same wavelength of 1,030nm 
and are guided along the same 
optical path to the scanning 
and focusing optics, and 
finally to the workpiece. Fast 
and reproducible switching 
between the two laser sources 
is enabled by a pneumatically 
switchable flipping mirror, 
allowing a machine-intrinsic 
manufacturing process 
consisting of sequential 
additive and subtractive laser 
processes. The realised focal 
diameters of the continuous-
wave and ultrafast lasers 
are 190±5µm and 50±5µm, 
respectively.

For the first experimental 
phase, pure iron powder with 
an average particle size of 
35µm was used for the additive 
process in the following 
example. To melt the metal 
powder, the continuous-wave 
laser was operated at an 
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average power of 400W in 
combination with a scanning 
speed of 1m/s. The height of 
each powder layer was set 
constant to 50µm. A cross jet 
was used to prevent spatter 
from reaching the f-theta lens. 
Nitrogen was used as shielding 
gas during the process. The 
smallest possible weld bead 
width was approximately 
200µm. 

The subtractive process was 
performed as follows. With an 
average power of 30W and a 
scanning speed of 3m/s, lines 
with a length of 4mm were 
ablated after each consecutive 
layer of powder had been 
welded onto the part. The pulse 
energy was 100µJ with a pulse 
duration of approximately 8ps. 
With a repetition rate of 300kHz, 
the resulting pulse overlap was 
approximately 80 per cent. The 
number of repetitions for each 
line was set to 500 after each 
added layer. The consecutive 
process steps, PBF-LB/M and 
ablation, described above 
were repeated for 100 layers, 
resulting in cube-shaped 
samples with an edge length of 
5mm. The samples are shown in 
figure 2. The orientation of the 
slits created in the right sample 
is marked with red rectangles.

In figure 3 a cross-section 
is shown perpendicular to 
the scanning direction of the 
ablated lines. The porosity 
visible in this picture could be 

explained by a less than optimal 
inert gas atmosphere and the 
high reactivity of the pure iron 
with oxygen.

Apart from some minor 
transversal bulges, the average 
slit width is 40±10µm. With 
a built height of 5mm, this 
results in an aspect ratio 
of height-to-width of about 
125:1. No principal limits for 
the achievable aspect ratio 
were found at this stage of the 
investigations. 

Outlook
This is a major achievement 
because it pushes the 
boundaries of what is possible 
with post-processing, even 
if the geometry is of great 
simplicity and accessibility. 
A second important finding 
of the initial experiments is 
that although the slit width 
is minimally larger than the 
average particle size of the 
powder, no residual particles 
were observed within the slits. 

This is a remarkable 
discovery which is to be 
focused on during upcoming 
investigations. It indicates that 
to some extent, thin empty 
voids can be produced with this 
combined process and open 
ports for later powder removal 
are dispensable.

Beyond the slits, future 
investigations will aim to 
incorporate the controlled 
ablation process of horizontal 
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or skewed surfaces into the 
system.

As shown by the IFSW7, this 
has already proven beneficial 
in a post-processing step to 
increase the accuracy and 
surface quality of PBF-LB/M 
printed parts. The in-situ 
application of this technology, 
based on what has been shown 
previously, will increase the 
possibilities even further.

It can already be said 
that combining additive and 
subtractive laser applications 
in a consecutive process 
is a promising approach 
to achieving a new level of 
precision in printed parts. 
Bringing this technology to 
market requires little more than 
a flexible laser source within 
currently available PBF-LB/M 
machines to cover both process 
regimes.

The initial results8 of the 
ADDSUB project indicate a 
most probable future demand. 
It demonstrates the enormous 
potential of future laser 
materials processing through 
process combinations on the 
way to a universal laser machine 
that expands the horizon 
for previously unimagined 
applications. l

Figure 2: Samples of pure iron produced by 100 
cycles of consecutive additive and subtractive laser 
processes to reach a height of 5mm. The orientation 
of the slits created in the right sample is marked with 
red rectangles

Figure 3: Cross-section through a sample of pure iron. 
100 cycles of consecutive additive and subtractive laser 
processes were performed. The average width of the slits 
produced by the subtractive laser process is 40±10µm
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Dave MacLellan, executive 
director of AILU, on how 
laser materials processing 
will help achieve 2050 
carbon emission goals

As attention focuses on the UN Climate 
Change Conference COP26, due in Glasgow 
in November, the goal of achieving net-
zero carbon dioxide emissions by 2050 
is translating into specific government 
legislation and policy around the world. 

The laser is used in many ways to 
facilitate the manufacturing of solar 
substrates, batteries and alternative 
propulsion for vehicles of all kinds. In 
June, AILU delivered a webinar on this 
topic featuring a panel of nine presenters 
from the UK, Europe and USA. Some of 
the themes arising from this webinar are 
highlighted below.

Developments in solar
Solar manufacturing output has grown 200-
fold in the past 15 years, and an overview 
of the market trends was presented at the 
webinar by Michael Walls, of Loughborough 
University. 

China leads the way in solar 
manufacturing, with almost one-third of 
the installed global capacity being there. 
In addition, most of the top-10 solar 
manufacturing organisations are based in 
China. 

Silicon photovoltaics remains the 
dominant technology, but new platforms are 
also gaining traction. One such technology 
is perovskite cells, which were developed 
in the UK. Grigorios Rigas, of M-Solv, 
presented a novel technique for a one-
step interconnection that transforms the 
efficiency of perovskite cell manufacturing 
by process step reduction. This involves 
the combination of the inkjet printing of 
conductors (an additive process) with laser 
micromachining (a subtractive process). 
According to Rigas, this will improve 
throughput significantly and reduce the 
processing time from start to finish.

Better batteries
Key to storing and delivering green energy is 
the battery, and continuous improvement of 
battery life and reduction of charging time 
is needed to make e-mobility a sustainable 
and viable solution for future vehicles. 
Melanie Loveridge, from University of 
Warwick, presented the ways in which laser 
structuring of internal electrode surfaces 
can improve the performance of lithium-
ion cells and deliver crucial enhancements 
that overcome some of the weaknesses of 
current lithium-ion technology. 

The interconnection of cells to make 
packs involves laser welding of dissimilar 
and highly reflective materials, including 
aluminium and copper. These can be welded 
by lasers in the infrared, green and blue 
wavelengths with or without beam shaping 

elements and oscillations to achieve more 
stable weld geometries.

Electrode cutting is another important 
opportunity for laser processing in this 
market. Avoiding the contamination of 
conventional cutting tools with lithium, the 
laser can achieve a combination of speed, 
flexibility and edge finish that makes it a 
serious contender for low- to high-volume 
processing.

Greener aviation and transport
Air travel is responsible for 2 per cent of 
global CO2 emissions and the requirement 
to reduce this is being tackled by Rolls-
Royce and others in the field. Clive Grafton-
Reed presented the direction that Rolls-
Royce is taking in this market. 

In the short term, he explained that the 
introduction of 100 per cent sustainable 
fuels, improved gas turbine engines with 
greater fuel efficiency, and hybrid engines 
where more hydraulic and mechanical 
systems are being replaced by electrics, is 
steadily reducing emissions. Following this, 
there are plans for fully-electric engines for 
small aircraft. Within this transformation, 
there is much scope for laser applications. 
The light-weighting of airframes is facilitated 
by robotic laser welding, which replaces 
conventional joining and allows dissimilar 
metals to be joined. In addition, additive 
manufacturing using lighter alloys is 
also being used in structural and engine 
component production to reduce weight 
and assembly operations.

Other forms of transportation including 
maritime, rail and automotive are also going 
through a process of electrification, so the 
impetus is across the board, not only in the 
air. 

Lasers getting greener
As well as the processing of parts for 
the green economy, lasers continue to 
become greener as wall-plug efficiencies 
increase with the latest generation of fibre 
lasers. This reduces the carbon footprint 
of the manufacturing system and makes 
the choice of laser processing even more 
attractive compared to other joining, cutting 
and marking technologies. 

In addition to the laser source, automation 
and process monitoring make the welding 
of batteries and other applications more 
controlled and efficient, as was presented 
by PJ Scott from IPG Photonics, which 
has installed many complete cells for 
battery assembly and welding. Finally, 
Phil Carr, from Carrs Welding, gave some 
practical experience of welding batteries in 
motorsport and for other manufacturers, 
where the turnaround required is fast and 
reliability and consistency is paramount.

The next AILU workshop will be a live 
physical event at Cranfield University on 
6 October: Digital Technology in Laser 
Manufacturing, which will cover AI, Industry 
4.0 and the associated advances in 
manufacturing with lasers. l

Lasers driving progress 
towards carbon neutrality

“Lasers continue to become 
greener as wall-plug 
efficiencies increase with 
the latest generation of fibre 
lasers”

www.ailu.org.uk/events 
info@ailu.org.uk   +44 1235 539595
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“It is an exciting time 
to be involved in space 
exploration, and laser 
AM is the perfect tool to 
achieve these lofty goals”

NEWS FROM LIA

Additive manufacturing 
for space exploration
Eliana Fu, of Trumpf and formerly SpaceX, shares how additive 
manufacturing can aid humanity’s cosmological journey

We are in the midst of a new and exciting 
global space race. In the 1950s and 60s we 
saw the first space race between the USA 
and the USSR, with goals to be the first 
human in space and then, the first human 
on the moon. As a species we have not set 
foot on the moon since the year of my birth, 
but rather we have shifted our emphasis 
to learn how the human body can exist in 
microgravity for extended periods. 

The new space race, featuring private and 
small companies, is to achieve space flight 
using smaller, more nimble launch vehicles. 
Laser additive manufacturing (AM), or 3D 
printing, is an ideal technology for these 
companies as a manufacturing process to 
quickly design, build and iterate structures 
and vehicles for space flight. Moreover, 
many of these new and smaller companies 
have limited resources and space for capex 
and tooling costs, so AM is ideal, with a 
smaller manufacturing footprint.

In traditional manufacturing, rocket 
ships for space exploration have used 
well-known and established manufacturing 
processes. For the barrel sections of 
rockets, these would be produced using 
friction stir welding of aluminium sheet 
metal after bump-forming and shearing; 
for iso-grids, pockets would be machined 
out of thick plate; and for domes, welding 
and hot-spin-forming would be used. All 
of these processes have associated lead 
times for raw material, processing, cleaning 
and inspection. Any reduction in lead time 
for any or all of these processes not only 
results in decreased overall lead time, but 
allows extra time for any proof testing, hot 
fire testing and vehicle integration.

Components for space exploration 
that can be produced using AM include 
propulsion devices and structural 
components. For propulsion, specifically 
rocket engines, the advantage of using AM 
is obvious: reduction in the overall number 
of parts (reducing the risk of manufacturing 

flaws as only tens of parts need to be dealt 
with compared to hundreds of parts), design 
simplification, the ability to print cooling 
channels with unique overhanging angles, 
and improved thrust. With better materials 
that are designed specifically for AM, better 
heat capacity and strength can be obtained, 
resulting in improved engine efficiency.

This can translate into achieving higher 
orbit or being able to transport larger 
payloads. For structural components 
including the tanks and barrel sections 
of rocket vehicles, the ability to use AM 
eliminates the cost of requiring tooling 
for sheet metal forming and fixturing for 

Agile Space is one of many new space vehicle 
propulsion system providers using laser AM

Hot fire testing of a rocket engine built using laser AM, at Relativity Space
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About LIA
LIA is The Institute for Photonic Materials 
Processing Innovation. Our vision is to help  
make the world a better place through safe, 
optimal and novel use of lasers, optics and 
photonics, including quantum science and 
technology, and their application to advanced 
materials.

www.lia.org

13501 Ingenuity Drive, Ste 128, Orlando, FL 
32826, +1 407.380.1553
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friction stir welding, which can run into the 
$2m-cost range.

3D printed parts are now on Mars – the 
Perseverance rover has 11 components 
produced by laser AM. Astronauts have 
already successfully printed polymer 
and ceramic parts on the International 
Space Station, where the feedstock is less 
volatile than metal powder – fines can be 
pyrophoric. However, the goal of 3D printing 
on another planet is now in reach. On 
Earth we have been able to print low-cost 
housing with ceramics, so this will very likely 
translate to the next logical step: printing 
with regolith on other planetary bodies such 
as the moon or Mars. It will be obviously 
easier to print extra-terrestrially using native 
feedstock, rather than dealing with the 
storage and handling of material feedstock 
during launch, flight and landing.

The overall reduction in lead time from 
traditional manufacturing processes results 
in a greater number of flight windows for 
the final vehicle. The increased availability 
of flight windows, higher orbits and larger 
payloads opens up more opportunities for 
customers to go into space, whether it be 
space tourism or satellite customers. 

It is an exciting time to be involved in 
space exploration, and laser AM is the 
perfect tool to achieve these lofty goals. 
Keep watching the skies! l

“The next logical step is 
printing with regolith on 
other planetary bodies”
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Eliana Fu was educated at Imperial College, 
University of London with a Masters and PhD in 
Materials Science. She performed post-doctoral 
research at Loughborough University (UK) and 
Clemson University (USA). After working extensively 
in the traditional manufacturing world, with TWI, then 
TIMET and SpaceX, she turned her attention to AM 
at SpaceX, then with Relativity Space as a senior 
engineer of additive technologies. She then joined 
Trumpf as industry manager aerospace & medical. 
She is the Women in 3D Printing ambassador for Las 
Vegas and is involved with other volunteer STEM 
activities for middle-school children. Eliana has 
written a book based on her experiences at SpaceX.

Future missions to planets must include 3D printing
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APPLICATION FOCUS: PROCESS MONITORING

Accurate process monitoring 
is particularly critical in high-
precision materials processing 
applications. This is because 
the cost impact of scrapping 
or reworking a part due to 
processing errors is more 
costly the more expensive a 
part is, the more complex the 
processing step involved, or the 
later the error is detected in the 
production chain. In addition, 
the probability that a part will 
fail to meet specifications 
increases as the task or 
specifications themselves 
become more challenging.

Precision laser materials 
processing applications, 
such as microwelding and 
microcutting, represents 
the ‘perfect storm’ of these 
conditions. This is because the 
tasks are invariably demanding, 
have a narrow process window, 
and the parts to which they 
are applied frequently have 
inherently high value or are 

safety or health related – for 
example in medical device 
manufacturing. Another 
example is battery production 
for e-mobility, in which laser 
processes are applied in late 
stages of production – after 
significant value has been built 
into the product. 

This article explores how 
recent advances in process 
monitoring technology promise 
better results in the most 
demanding applications. 

Process monitoring phases 
Process monitoring can be 
applied at three distinct phases 
of a laser application. The 
first of these is pre-process 
inspection. At this stage, 
vision systems, sometimes 
coupled with automated pattern 
recognition software, are 
used to assess part fit, weld 
gap dimensions, overall part 

Coherent’s Florian Furger, Markus 
Danner and Roland Mayerhofer discuss 
how combining real-time readings from 
multiple sensors enables better control  
of high-precision welding

ADVANCES IN PROCESS 
MONITORING BENEFIT 
LASER MICROWELDING 

position, and even to verify that 
the correct parts have been 
supplied.   

The next step is actual, real-
time monitoring of the process 
itself. This can be accomplished 
in several different ways, 
including machine vision in the 
visible and infrared, and the use 
of pyrometers and acoustic 
sensors. Other analysis tools 
such as optical coherence 
tomography (OCT) can be used 
to assess weld depth as well. 

The third phase is post-
operation inspection. This 
can include measurement and 
assessment of the physical 
dimensions and characteristics 
of the laser processed area, 
which is usually performed 
using various camera 
and machine vision tools. 
Parameters assessed usually 
include seam width, and the 
identification of weld gaps or 

spattered material. OCT and 
other tools are also used to 
determine weld dimensions 
and mechanical characteristics 
(porosity, the presence of voids, 
grain size, etc.).     

Real-time process monitoring
In-process monitoring is the 
most critical and complex of 
these three phases, so it’s 
worth examining this step 
in depth. Because there is 
so much going on during 
actual laser processing, 
numerous parameters need 
to be measured. Plus, data 
sampling rates must typically 
be very high, so as to be able to 
accurately identify any transient 
problems. And, the more quickly 
a problem can be detected, the 
better the opportunity to stop 
or correct the process before a 
bad part is produced.   

The most important areas 
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“Increasingly 
fast and powerful 
microprocessors, 
together with 
machine learning 
software, enables a 
more sophisticated 
approach for 
creating process 
fingerprints”

Figure 1: The occurrence of a deviation in the weld seam position is identified in real-time data from the plasma, laser 
back reflection and temperature signals during this pulsed laser welding process
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these factors. Various camera 
and machine vision systems are 
employed for monitoring weld 
joint and bead geometry, as well 
as performing seam tracking 
and checking gap size.  

Measurements of plasma 
emissions in the visible 
spectrum are well-established 
as a good way to sense weld 
quality, and can provide an 
immediate indication if there are 
problems with the laser focus or 
shield gas. Problems with weld 
penetration and the presence 
of defects also show up in the 
plasma signature.   

The back reflection of the 
infrared light spectrum is 

another sensitive indicator 
of weld pool conditions, 
particularly its turbulence 
and temperature. Process 
temperature is also measured 
directly using a pyrometer 
or infrared camera. These 
sense the thermal (infrared) 
emission of the melt pool, and 
are typically monitored at a 
wavelength much longer than 
the laser emission wavelength. 
Temperature measurements 
provide a particularly sensitive 
indicator of process conditions, 
and provide information on 
penetration depth, surface 
quality and gaps.  

Finally, acoustic sensing is a 

that must be assessed 
include laser operation, weld 
geometry, weld metallurgical 
characteristics, assist gas 
flow and material surface 
characteristics (contamination, 
scratches, etc.). All of these are 
somewhat interrelated. 

Laser operation is measured 
with tools such as laser power 
and energy meters, and 
beam diagnostic cameras. 
These can measure and flag 
changes in the laser output 
itself, drops in delivered laser 
power (perhaps due to spatter 
on a protective window), and 

changes in delivered laser 
power density caused by 
focal position changes. But, 
these measurements are only 
accurately performed off-line, 
that is, in between process 
operations. 

Weld geometry 
measurements include seam 
width and position, and 
especially a determination of 
whether the weld has wandered 
off-seam. Seam gaps or a 
lack of fusion must also be 
identified. Additionally, humping, 
undercut or other undesirable 
seam properties should be 
recognised. Measurement of 
weld depth is also critical. 

In terms of weld 
characteristics, cracks and 
porosity are key parameters. 
Other weld quality issues, 
such as spatter or cosmetic 
changes (discoloration, etc.), are 
frequently important as well. 

There are several diagnostic 
tools in use for assessing all 

“Online process 
monitoring saves 
time and money by 
increasing yields, 
improving quality, 
and reducing scrap 
and rework”

ExactWeld from Coherent 
ExactWeld is based on Coherent’s Global Tools Platform and is a 
turnkey solution for automated, precision laser welding of metal 
parts. It includes the latest CW or pulsed fibre laser technology 
with diverse fixed or scanner optics. The high-end version of 
ExactWeld comes with a granite set up motion module with up to 
five axes, user friendly software, part clamping, an optional vision 
system, factory automation capabilities (Industry 4.0/IIoT ready) 
and reliable process control units.

These features combine to maximise weld quality, and 
increase production yields, process consistency and operator 
productivity. ExactWeld is an attractive choice for medical 
device manufacturing such as endoscope production, as well 
as the fabrication of precision sensors, jewelry, watch parts and 
automotive electronics.

ExactWeld also incorporates the innovative Coherent 
SmartWeld and SmartWeld+ technology for producing complex 
‘beam wobble’ patterns, including circular and zigzag paths. 
This enables bridging of larger gaps, which relaxes tolerances, 
increases process flexibility, and delivers welds with higher 
quality and reproducibility. Process monitoring and part control 
features are key future additions to the ExactWeld platform in 
order to offer system solutions with maximum customer benefit 
regarding process quality and yield.

More information:  
www.coherent.com/machines-systems/laser-welding/exactweld

COHERENT  FEATURED PRODUCT

Figure 2: Plasma, laser back reflection and acoustic sensors all show that a 
rapidly scanned laser welding process was interrupted by the presence of 
surface contamination
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APPLICATION FOCUS: PROCESS MONITORING

highly valuable adjunct to the 
various optical methods just 
described, because it provides 
a view of what is happening 
beneath the surface (where 
light cannot penetrate). This is 
especially of interest in keyhole 
welding, in which much of the 
process occurs beneath the 
part surface.  

Acoustic sensing has 
proven a sensitive and reliable 
real-time indicator of several 
weld parameters, particularly 
penetration depth, and void 
and spatter creation. Acoustic 
sensing is usually accomplished 
using either microphones 
on the processing head, or 
piezoelectric crystals contacted 
on the part surface itself. The 
piezos directly transduce 
mechanical vibrations into an 
electrical signal.   

It’s a learning process 
For the most part, these 
process measurements are 
relative. The main exceptions 
to this are monitoring of 
spectral lines which have fixed 
wavelength, or pyrometer 
measurements that can provide 
an absolute temperature 
reading. But, usually the 
acquired data, especially back 
reflected light and acoustic 
data, must be compared to 
a ‘fingerprint’ that has been 
previously established for that 
particular process.

Building up this fingerprint 
requires running a number 
of experiments to determine 
the process window and 
parameters that deliver a 
result that is within established 
tolerances. Usually 10 test 
runs constitutes a minimum 
for establishing the necessary 
baseline data.   

In the past, the process 
window and fingerprint were 
determined by examining 
the highest and lowest signal 
curves for various sensor 
measurements from several 
‘good’ process runs.

This data was then used 
to establish tolerance bands 
for the various measured 
parameters. These upper and 
lower limits could then be 
used to signal when violations 
occurred during actual 
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processes in a go/no go fashion.   
The availability of 

increasingly fast and powerful 
microprocessors, together 
with efficient machine learning 
software algorithms, has 
enabled a more sophisticated 
approach for creating process 
fingerprints. Instead of simply 
monitoring each process 
sensor and flagging any of 
these which go outside their 
established limits, this method 
can simultaneously compare 
the output from various 
sensors.  

For example, a machine 
learning algorithm can 
simultaneously compare 
the output from optical and 
acoustic sensors and use this 
to develop a process fingerprint 
based on probabilities, rather 
than just absolute limits. 
The goal of this is to identify 
problems that occur even when 
no one specific parameter 
is outside of its limits, and, 
conversely, to avoid scrapping 
or reworking parts in which a 
limit was transgressed during 
production, but which are in 

fact ‘good.’ Plus, these systems 
can learn continually, using the 
results of every process run to 
add to their knowledge. This 
further ensures that process 
quality improves and costs 
drop. 

To be precise 
All the various sensing tools 
which have been described 
have been around in one 
form or another for many 
years. Plus, the application of 
machine learning to create 
process monitoring systems 
which deliver better results, 
and are more adaptable and 

cost effective, has also been 
occurring over the past few 
years. But, the most advanced 
commercial process monitoring 
systems have all targeted 
high-power laser welding using 
continuous wave (CW) lasers.  

Now, technology and 
products are being introduced 
which specifically service 
high-precision tasks, such as 
microwelding, microcutting and 
marking. Specialised process 
sensing systems are required 
for these applications, because 
the sensors used for high power 
applications can’t readily be 
adapted to the requirements 
of these precision tasks. And, 
importantly, the sensors, 
processing electronics and 
analysis software must allow 
sampling at a high enough 
speed to work properly, with 
pulsed lasers operating at high 
repetition rates. 

Figures 1 and 2 demonstrate 
how a pulsed laser system, 
designed and constructed at 
Coherent within an internal 
research project for just this 
purpose, can accurately 
pinpoint weld defects on-
the-fly. Specifically, the slight 
deviation in the weld bead, 
circled in figure 1, is identified 
in both the plasma and 
temperature signals.  

In figure 2, a laser beam was 
scanned perpendicular to the 

direction of the weld seam. The 
part itself was purposefully 
tilted so that the laser would 
eventually go out of focus. 
In this case, signals from the 
plasma, laser back reflection 
and acoustic (microphone) 
sensors all indicated when this 
occurred.   

Conclusion
Online process monitoring 
saves time and money by 
increasing yields, improving 
quality, and reducing scrap and 
rework. It reduces machine 
downtime by identifying 
the need for preventative 
maintenance early on, while 
also providing a better level of 
traceability, which is particularly 
important in industries such as 
medical device manufacturing. 
It’s also a key element in 
making processes Industry 4.0 
compatible. Now, laser process 
head manufacturers are using 
machine learning algorithms 
to combine and analyse the 
data from multiple high-speed 
sensors to bring these benefits 
to the most demanding, high 
precision laser materials 
processing tasks. l

“Laser 
process head 
manufacturers 
are using 
machine learning 
algorithms to 
combine and 
analyse data from 
multiple high-
speed sensors”
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Readings from multiple sensors can be combined to enable better control of 
high-precision welding 

Florian Furger is research & 
development project manager; 
Markus Danner is a product line 
manager; and Roland Mayerhofer 
is a product marketing manager at 
Coherent  
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Phillips Additive Hybrid 
Phillips Corporation has integrated Haas 
Automation’s subtractive CNC machine 
tool technology with an additive laser head 
manufactured by Meltio.

Engineering a seamless connection 
between controls, the affordable Phillips 
Additive Hybrid system is capable of 
traditional machining coupled with an additive 
manufacturing process using DED technology, 
enabling it to both produce and repair parts.

Key advantages of this solution include:

•  ability to use and learn both subtractive and 
additive technologies on the Haas standard 
platform equipped with Meltio technology,

•  3D print and complete a part using only one 
machine,

•  repair or modify parts by adding material 
and machining it to final shape,

•  use different materials on the same part for 
best design, weight and strength, and

•  produce high-density parts with good 
resolution using wire laser DED

https://phillipscorp.com/hybrid

Laserdyne 811 
Prima Power 
Laserdyne has 
introduced the 
Laserdyne 811, 
which employs 
the most current 
hardware 
and software 
components for 
flexible precision 
laser processing 
in an affordable 
compact 
platform. 

Applications include welding, drilling, 
cutting and DED additive manufacturing 
applications for small to medium-size 
workpieces. With Laserdyne’s range of 
nozzles, transitions between welding, 
cutting and drilling can be made in 
seconds.

The working envelope is 1,100 x 
800 x 600mm for the X, Y, and Z axes 
respectively. Each axis has greater than 
50m/sec velocity and acceleration of 1.2g.

The machine’s BeamDirector technology 
offers two additional axes of motion (C 
and D), providing access to hard-to-
reach places in the workpiece, precise 
beam placement, and exceptional 
five-axis flexibility. The BeamDirector 
has 90rpm rotational speed and control 
repeatability of 15 arcsecs. In addition, the 
BeamDirector supports laser processing 
from 90° (normal to the surface) to 10° off 
the surface of a part, all the way along the 
axis of travel.

The system’s S94P controller provides 
real-time pulse-by-pulse control, including, 
when required, a unique shape for each 
individual laser pulse. The controller 
supports seven axes of simultaneous 
motion and additional axes as required by 
automation. This means easy integration 
with a variety of automation solutions for 
workpiece handling, loading and unloading 
of components, and other created 
subassemblies. 

The Laserdyne 811 supports Industry 
4.0 through MTConnect real-time 
parameter and data streaming, along with 
SPC process data reporting and storage 
capability.
www.primapowerlaserdyne.com

PRODUCT
UPDATE

Battery Cleaning Machine 
In line with the rise of electric vehicles, 
Laserax has released a turnkey solution 
made specifically to clean battery modules 
on conveyor lines. The Battery Cleaning 
Machine can be powered by up to 500W of 
laser power to minimise cycle time when 
preparing surfaces for welding. 

To meet the evolving needs of battery 
manufacturers, the machine includes a 
flexible door system that allows loading 
modules different ways into the machine. 
Modules can be loaded manually, with a 
robot or via conveyor.

Other options include a gantry system 
that moves the laser head to clean large 
modules and reach all battery cells and 

busbars, cameras that measure all individual 
cell locations and adjust laser cleaning 
accordingly, and an HMI control panel that 
provides direct access to laser parameters 
near the machine.
www.laserax.com
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WL-P300A
For the US market Amada Weld Tech has 
launched the WL-300A laser processing 
workstation, configured for nanosecond 
pulsed fibre laser applications. Typical 
applications include marking of metals and 
select plastics, particularly for medical, 
electronic components, battery and 
aerospace applications.

This laser workstation is a larger version of 
the LMWS laser marker workstation, designed 
to accommodate larger parts. Integrated with 
Amada Miyachi’s LMF Fiber Lasers (10-70W), 
the WL-300A units have the same interface 
for easy transfer from prototype to production 
phase. The WL-300A is available in bench top 
or floor standing options. 

Featuring a fast and precise motorised 
Z-axis for easy focus adjustment, easy access 
to parts and tooling, and an XY table for step 
and repeat motion, the WL-300A offers a large 
viewing window for easy visual observation. 
Lens options include F-Theta 100, 160, 
254 and 420mm for marking a wide variety 
of parts and sizes. An optional compact 
motorised rotary axis makes marking and 
welding cylindrical parts easy and fast. The 
workstation also provides easy part fixturing 
using the M6 threaded hole pattern mounting 
base plate. A fume extraction port is included 
with flexible tubing to extract harmful fumes 
created during the laser process.

The WL-300A can handle a wide variety 
of mark types, including line-art graphics, 
shaded graphics, TrueType fonts, single point 

or drill object arrays, and Data Matrix or QR 
code barcodes; as well as MS AutoDate, MS 
TextMerge, serialisation and barcode marks. 
Though primarily designed for laser marking 
and engraving applications, the laser source 
can also be used to weld and cut thin metals 
up to 250μm.

Software features include a powerful, 
user-friendly Windows-based job editor, easy 
graphics importing tools, multi-language 
support, and an advanced DXF filter with 
process optimisation. 
https://amadaweldtech.com

ByCut Smart 6225 
Bystronic has expanded its ByCut Smart 
product line with the 6225 model, which 
optimises sheet metal use thanks to its 
larger format, up to 10kW of laser power, 
and BeamShaper option.

The machine can be equipped with Fiber 
3000, 4000, 6000, 8000, or 10000 laser 
sources, depending on requirements.

Metal sheets on the ByCut Smart 6225 
can be processed with a length of up to 
6.2m and a width of 2.5m. This increases 
the machine’s productivity as large metal 
sheets allow the cut parts to be nested 
more efficiently. Undesirable raw material 
offcuts are also significantly reduced 
thanks to the high degree of material 
usage. The BySoft CAM process software 
features intelligent nesting procedures. 

In addition, this format increases the 
variety of cutting applications available 
on the ByCut Smart. Large parts can be 
cut as well as diverse small parts, without 
requiring the machine to interrupt cutting. 
It is possible to process smaller sheets by 
lining them up on the ByCut Smart’s long 
cutting table.
www.bystronic.com
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Quote automating software 
with QuickBooks Desktop 
DigiFabster, known for its 
automated quoting software for 
additive manufacturing, CNC, 
laser-cutting and waterjet users, 
has updated its software to 
include third-party integrations, 
as well as fast implementation 
and scannable packing lists.

The firm’s quote-automating 
software includes a QuickBooks 
Desktop integration. This opens 
a two-way communication to 
sync customer information 
instantly, resulting in less time 
reconciling customer information 
to QuickBooks Desktop, and 
streamlining bookkeeping.

Features of this integration 
enable manufacturers to set their 
own triggers and conditions for 
the type of customer information 
that’s automatically synced 
to their QuickBooks Desktop 
software, so they can customise 
their automatic record-keeping.

DigiFabster’s implementation 

uptime is 99.9 per cent, meaning 
its customers will experience 
nominal downtime accepting 
orders, making it an ideal solution 
for global manufacturers who 
operate online across time zones.

To further help manufacturers 
digitise and automate operations, 
DigiFabster recently introduced 
packing lists with scannable 
QR codes, replacing the need 
for multiple paper printouts of 
model details. The QR codes can 
be used with a smartphone or 
tablet, and open up the model’s 
order page on DigiFabster, so 
employees can see renderings 
as well as the order status, at its 
point of manufacture.
www.digifabster.com

SOFTWARE

Free Float
SLM Solutions has launched 
Free Float software to 
largely reduce the need 
for support structures in 
additive manufacturing, and 
in some cases removes them 
completely, without increasing 
build time.

According to the firm the 
solution enables the creation 
of metal components with 
previously impossible designs 
and unmatched productivity, 
reducing overall material usage 
and minimising the end-part 
cost to achieve industrial-scale 
production. 

Since the 1990s, support 
structures have been an 
inherent part of the 3D printing 
process. However, often, the 
design of the main component 
is limited due to the support 
structures needed to build 
them, and support structures 

could be a substantial section 
of the overall part volume. 
Supports also need to be 
removed later during the post-
processing phase and increase 
material usage, which by default 
increases cost.

Free Float’s innovative vector 
technology establishes thermal 
management that significantly 
decreases net build time, while 
simultaneously enhancing part 
quality, especially for overhang 
areas. At the forefront of Free 
Float’s development was 
seamless useability: its low, 
medium and high profiles easily 
provide the desired outcome. 
www.slm-solutions.com
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BEAM DELIVERY

CEM-E2 extruder
AIM3D, a manufacturer of multi-material 
3D printers, has developed a generation 
of print heads for composite extrusion 
modelling (CEM), a process based on both 
fused deposition modelling and selective 
laser melting. The appeal of CEM lies in the 
use of multiple materials, cost savings and 
a reduction in build times through the use of 
pellets.

The new CEM-E2 extruder is a multi-
material head that can print metal, plastic 
and ceramics. Its print heads are matched 
to different material groups: the ‘M’ (metals) 
version is for metal-filled materials (MIM 
pellets), the ‘P’ (plastics) version is for filled 
and unfilled plastics, while print head ‘C’ 
(ceramics) is for higher abrasion ceramic-filled 
materials (CIM pellets).

The new print heads are characterised by 
exceptional accuracy of delivery. This enables 

Low GDD and high LIDT optics 
Edmund Optics (EO) now internally 
manufactures short pulse optics with low 
group delay dispersion (GDD) and optics with 
high laser-induced damage threshold (LIDT) 
specifications out of EO Florida, formerly 
known as Quality Thin Films.

Low GDD optics minimise chromatic 
aberration and pulse spreading in ultrafast 
laser systems, resulting in higher peak 
powers, while high LIDT optics help reduce 
the likelihood of damage and system failure 
in high-power applications such as laser 
cutting, drilling and welding.

EO Florida does not just design and coat 
low GDD optics, it can now also provide the 
highly-sophisticated metrology required 
to verify their specifications. It uses white 
light interferometers and an in-house 

ultrafast laser to measure GDD, enabling 
the measurement of these challenging 
optics to verify their performance in real 
environments. Low GDD optics from EO 
Florida are measured before they are 
shipped, guaranteeing GDD specifications 
from 250 to 3,200nm within +-10fs2.
www.edmundoptics.com

high surface quality and better mechanical 
properties of the produced component. 
Manufacturing rates of up to 220cm³/h with a 
0.4mm nozzle are now possible.
www.aim3d.de/en

QUALITY CONTROL

671 NIR2 Laser 
Wavelength 
Meter
Bristol Instruments 
has made an 
addition to its 671 
Laser Wavelength 
Meter series. The 671 NIR2 system supports 
the characterisation of infrared lasers with the 
benefit of fibre-optic input.

The 671 NIR2 Laser Wavelength Meter is 
ideal for scientists and engineers who need to 
know the exact wavelength of their CW lasers 
that operate from 1.0 to 2.6μm. It employs a 
Michelson interferometer-based design to 
measure laser wavelength to an accuracy as 
high as ± 0.0002nm. This new system includes 
the convenience of a pre-aligned fibre-optic 
input to ensure optimum alignment of the 
laser under test, resulting in uncompromised 
accuracy. In addition, with fibre optic input, the 
system can be placed in an out-of-the-way 
location, thereby conserving space.
www.bristol-inst.com

SFM-AT200 
with frequency 
excitation
Solukon has 
equipped its SFM-
AT200 automated 
de-powdering 
system with 
ultrasonic frequency excitation. Medical 
device manufacturers, in particular, will 
benefit from this feature, according to the 
firm.

The SFM-AT200 is Solukon’s entry-level 
depowdering system. Its small footprint 
and easy operation make it the ideal 
unit for small and medium-sized metal 
parts. It is ideal for depowdering medical 
components with lattice structures. 

So far, the SFM-AT200 has used 
Solukon’s Smart Powder Recuperation 
Technology – removing residual powder 
from complex metal parts by part rotation 
and controlled vibration in a safety-
controlled atmosphere. Occasionally, 
however, powder residues can get stuck 
in particularly narrow internal channels or 
porous structures, as is often the case with 
medical components, despite rotation and 
vibration.

To completely depowder these 
challenging geometries as well, Solukon 
has developed a highly-efficient ultrasonic 
excitation function. Electric frequency 
excitation in the ultrasonic range makes the 
powder ‘flowable’, allowing it to flow out of 
even the smallest channels in seconds. As 
a result, components can now be cleaned 
comfortably and reproducibly within a few 
minutes.
www.solukon.de/en

FiberWELD DH
Laser Mech’s FiberWELD DH is 
a high-power, laser wire, direct 
deposition head for processing 
macro-scale industrial and 
aerospace components. The head 
delivers multi-axis laser energy to 
a centre-fed process wire for total 
directional independence

Engineered for high-duty cycle 
production applications, FiberWeld 
DH features direct-cooled reflective 
optics, back-reflection protection 
and wire feed. In addition, FiberWeld 
DH’s easily accessible, protective 
cover glasses extend the life of 
internal optics.

Primary applications for 
FiberWELD DH include additive 
manufacturing, cladding and hybrid 
laser-arc welding.
www.lasermech.com
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SUPPLIERS DIRECTORY

SUPPLIERS
DIRECTORY

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!

Industrial Laser Division

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



Webcast: Dynamic Beam Laser technology  
opening new possibilities in laser welding

Free webcast available now
Sign up to watch on demand

Presenters

Florian Hugger 
Head of R&D at BBW Lasertechnik

Talk Topic: Enhancing keyhole stability  
by beam shaping
Florian Hugger studied mechanical engineering at the Technical 
University of Munich and afterwards worked as research assistant 
at the Bayerisches Laserzentrum GmbH from 2011 to 2017. His 
research focused on keyhole phenomena like evaporation of 
volatile elements and high-speed keyhole dynamics. Since 2017 
he is Head of R&D at BBW Lasertechnik GmbH and addresses 
problems of laser welding.

Dr. Eyal Shekel
CEO Civan Advanced Technology

Talk Topic: Dynamic beam shaping for laser welding
Dr. Shekel is the founder and CEO of Civan Lasers – the first 
company to develop industrial lasers based on Coherent Beam 
Combining. Prior to Civan, Dr. Shekel founded Cielo, a leading 
company in the manufacture of Fiber Optical Gyros and navigation 
systems and Founder and general manager of Chiaro Networks 
which developed the largest optical switch in the world. Dr. Shekel 
received his PhD in physics at NYU. 

VIEW  
FOR  

FREE*

www.lasersystemseurope.com/webcasts

Laser beam welding offers many advances compared to 
conventional welding processes due to evaporation of the 
material and the formation of a keyhole. Using state of the art 
laser systems the keyhole is inherently unstable and the origin of 
welding failures like pores and blow outs. Dynamic Beam Lasers 
based on Coherent Beam Combining enable full control of the 
keyhole shape and dynamics by finetuning evaporation and thus 
opens new possibilities for increasing welding quality, speed, and 
new welding applications.

This webcast will present some of the current challenges in laser 
welding and the theory for using beam shaping and steering 
to overcome these challenges. The second part will focus on 
presenting the new Dynamic Beam Laser and its capabilities 
of beam shaping, shape frequency, shape sequence and focus 
steering.
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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


