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The times are changing for Laser Systems 
Europe! Come the new year, we’ll be 
switching to a (mostly) online format at: 
www.lasersystemseurope.com. This 
means that instead of receiving our usual 
quarterly issues, you’ll instead be sent 
an annual LSE Yearbook packed with 
all the key industrial laser processing 
developments and highlights from across 
that year. We’ll be distributing this to all 
the major photonics/manufacturing trade 
shows taking place around the world, so 
this is by no means the last you’ll see of 
our print format. Meanwhile, our website, 
social media, and monthly newsletter 
will continue to deliver our regular news 
stories, product updates, analysis articles, 
webinars and event reports, so your thirst 
for laser systems knowledge will remain 
ever-quenched!

Now, on to this issue – and what an 
issue it is! We’ve got two event reports 
lined up for you, sharing our findings from 
EuroBLECH and Formnext, which recently 
took place in Hannover and Frankfurt 
respectively. At EuroBLECH, we learned 
that advances in cutting head technology 
have led to the recent emergence of 
numerous flatbed sheet metal processing 
systems delivering 30kW+ of laser power. 
Such systems are expected to take 
increasing share from established plasma 
technologies, which have previously been 
used for the rapid cutting of medium-
thick sheet metal. At Formnext, it became 
apparent that additively manufactured 
parts are dramatically increasing in size, 
with dimensions up to and exceeding 1m 
well within reach. We learned that such 
sizes are being used to develop parts 
such as impellers, heat exchangers and 
rocket engine components. 

Along with that we also have four 
features covering marking, medical 
device manufacturing, peening and 
additive manufacturing, as well as a whole 
host of new technical articles for you to 
enjoy. So get stuck in and we’ll see you all 
online in the new year!
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LASERS 
IN ACTION

A new EU-funded project is 
developing a programmable, 
intelligent beam delivery 
solution capable of achieving 
defect-free ultrafast 
laser processing.

The solution will be tested 
in three separate industrial 
applications with the goal 
of achieving energy savings 
of at least 30% compared 
with conventional processes 
currently used.

The four-year, EU-funded 
Metamorpha project was 
launched in September to bring 
together the latest technology, 
process knowledge and 
control know-how in a single 
laser solution.

The solution will take 
advantage of devices known as 
liquid crystal modulators, with 
which an ultrafast laser beam 
can be freely shaped with high 
temporal resolution, as well as 
split into multiple sub-beams. 
Two such modulators from 
Fraunhofer ILT, each capable of 
handling up to 150W of laser 
power and changing beam 
shape more than 60 times a 
second, will be used in the new 
solution. These will be combined 
with a machine-learning-
powered control system that 
will monitor, optimise and 
regulate the process parameters 
in a closed loop. This will 
ensure parts can be produced 
completely free of defects using 
‘made-to-measure’ ultrafast 
laser micromachining.

Once developed, the new 
solution will be tested by 

the project’s three industrial 
partners: Thyssenkrupp Steel 
Europe, Ceratizit and Philips 
Consumer Lifestyle. Each 
partner has an application for 
which the new solution could 
introduce dramatic savings in 
both energy and resources.

At Thyssenkrupp, it will be 
used to structure embossing 
rolls. These are currently 
processed by electrical 
discharge machining, which 
consumes more than 10GWh 
per year, of which ultrafast laser 
micromachining is expected to 
save 90%. Thanks to precise 
restructuring of worn surfaces 
with the laser, the lifespan of the 
embossing rollers should also 
be increased tenfold. Ceratizit 
plans to use the solution to 

Dyndrite has announced 
the release of its first end-
user application software 
for laser powder bed 
fusion (LPBF) machines. 
The software provides 
off-the-shelf support for 
leading machines such 
as those from Farsoon, 
Renishaw, SLM Solutions 
and Trumpf.

Amplitude Laser has 
announced a new 
partnership with 4 
Photonics AB, which 
will distribute the firm’s 
nanosecond lasers 
to Denmark, Norway, 
Sweden and Finland.

Lascam Systems has 
become Precitec’s sole 
distributor of its complete 
portfolio of laser process 
heads and quality 
monitoring systems in the 
Czech Republic, Hungary 
and Slovakia.

Two modular additive 
manufacturing production 
lines have been 
established in Germany 
at Siemens Energy’s 
gas turbine plant in 
Berlin, and at Toolcraft 
AG’s headquarters 
in Georgensgmünd.

Comau has built, retooled 
and deployed 20 state-
of-the-art manufacturing 
lines to produce the Body-
in-White of Alfa Romeo’s 
new Tonale vehicle. It 
features 468 robots, 
advanced assembly 
processes, laser welding, 
plasma cutting and 
vision systems.

IN BRIEF 

manufacture carbide punches 
and embossing dies, and 
recondition worn-out tools – all 
faster and more economically. 
Philips is looking to greatly 
simplify product manufacturing 
for the consumer sector 
through using ultrafast 
laser micromachining.

The other partners of the 
Metamorpha project (Made-
to-measure micromachining 
with laser beams tailored in 
amplitude and phase) include: 
Fraunhofer ILT (coordinator), 
RWTH Aachen University 
– Chair of Optical Systems 
Technology, LASEA, Universitat 
Politècnica de València, 
Datapixel, fentISS, Arditec,  
Vivid Components Germany 
and Ceratizit.
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EU project developing ‘intelligent’ ultrafast 
lasers to cut energy use and process defects

The Metamorpha project will combine a dynamic beam shaping solution with a 
machine-learning-powered control system for ultrafast laser micromachining.
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Cyan Tec develops autonomous 
sorting solution for nuclear waste
UK laser systems integrator, Cyan Tec, has 
unveiled a fully autonomous robotic sort  
and segregation system for handling  
nuclear waste.

The advanced solution, intended for nuclear 
decommissioning – for which Cyan Tec has 
previously developed multiple laser cutting 
systems – will help increase recycling rates and 
reduce the number of waste containers sent 
for disposal.

The system assesses the radioactivity and 
physical characteristics of nuclear waste, and 
then sorts and segregates it into appropriate 
containers – using the data collected to inform 
packaging records. 

It does this using a vision system equipped 
with machine learning. The system acquires 
2D images and 3D cloud data of objects to 
automatically identify individual pieces of 
waste, which enables them to be handled 
robotically. The vision system and additional 
monitoring equipment are then used to 
autonomously control the robot and gripper 
selection to segregate and package the 
nuclear waste.

The new system uses advanced material 
analysis techniques, including laser-induced 
breakdown spectroscopy, to penetrate the 
surface coatings of the waste and analyse  
its base materials.

“Cyan Tec is excited to be pushing the 
boundaries of AI and robotic technology in the 
nuclear industry,” said managing director Tony 
Jones. “Cyan Tec’s reliable solution is both 
configurable and scalable, enabling it to handle 
waste of different sizes and radioactivity levels. 
Our modular approach means the system can be 
transferred simply to different nuclear facilities 
and environments.”

Together with partners Atkins, PSC, the MTC 
and Applied Photonics, Cyan Tec successfully 
achieved funding for the development of 
the new system through the £5.5m ‘Sort 
and Seg’ innovation competition, launched 
by Sellafield in partnership with the Nuclear 
Decommissioning Authority and Magnox. 
The aim was to reduce waste, reduce manual 
sorting and increase segregation productivity in 
nuclear decommissioning.

Key benefits of the new system for the nuclear 
decommissioning industry include increased 
sustainability, reduced risks to personnel and 
significant savings in disposal costs.
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quality defects faster and more reliably  
than classic monitoring and control 
systems. It can analyse sensor signals for 
more extensive pattern characteristics  
and even those previously unrecognised  
by experts.

The process monitoring equipment 
being used within the project includes 
a completely new, multispectral sensor 
system from 4D Photonics for laser  
welding, and a laser cutting head from 
Precitec equipped with sensor technology 
and data interfaces developed  
specifically for the AI software and the 
DIPOOL approach.

The partners estimate the integration 
of AI + ML into laser cutting and welding 
systems will increase their overall efficiency 
by about 25%. Such systems will be 
deployable in SMEs due to the prices of laser 
and computing power both having fallen 
significantly in recent years.

An end-user is already lined up for the 
conclusion of the project in 2024, with 
automotive repair entity Bilstein Group 
having set up its own subsidiary, Bilcut, 
in Hagen, Germany, specifically for this 
purpose. The new company will use the new 
equipment to cut shaped blanks for the 
automotive industry at high speed, starting 
in 2025.

AI and machine learning ‘will boost laser 
cutting and welding efficiency by 25%’

The autonomy and functionality of 
laser machines can be increased to ‘an 
unprecedented degree’ through the 
application of artificial intelligence (AI) 
and machine learning (ML) to laser cutting 
and welding, according to the leader of a 
joint research project.

The DIPOOL (digital process online 
optimiser for intelligent laser machines) 
project, which launched last year and will run 
until 30 June 2024, includes four industrial 
companies and two research institutes.

The project seeks to address the issue 
that, while many small- and medium-sized 
enterprises (SMEs) can now afford lasers, 
they often lack the capacity and know-how 
to optimally fine tune them, especially when 
applications change frequently.

“We are therefore combining one of the 
unique characteristics of laser tools – that 
they can be programmed and controlled 
temporally and spatially – with AI and ML,” 
said Dr Dirk Petring, Group Leader of Macro 
Joining and Cutting at Fraunhofer ILT and 
scientific coordinator of the joint project. 
“Specifically, our work is about automatic 
and robust monitoring, quality assurance 
and optimisation of laser machines for 
changing manufacturing tasks.”

AI that has been well trained by experts 
can detect system deviations, errors and 

TWI and Trumpf UK will be 
undertaking a newly funded 
project using variable beam mode 
technology to investigate and 
optimise processing conditions in 
laser powder bed fusion (LPBF).

Titled iAM-3DPO, the project 
will be carried out with machine 
builder ThinkLaser, software 
firm NquiringMinds and 
Lancaster University.

When processing components via 
LPBF, repeatability of part properties 

and right-first-time capability 
require in-process optimisation of 
build parameters at each 2D-layer 
geometry within the 3D part. This 
currently takes a large amount of 
computing time and an analogue 
way of processing data. If build 
parameters are not optimised then 
variations in material can occur, 
particularly in parts with non-
uniform geometric features. Thermal 
stresses can also build up, leading to 
part distortion and cracking.

The iAM-3DPO project will 
therefore use materialise control 
platform (MCP) technology to 
enable total beam path control, and 
Trumpf UK’s VariMODE Pro’s beam 
shape control to mitigate the risks 
associated with build failure.

The resultant system will 
enable dynamic optimisation of 
advanced process parameters and 
scan strategies, and could lead 
to solutions for cost-effectively 
upgrading ageing PBF equipment.

TWI and Trumpf UK using variable beam mode technology to reduce LPBF build failure risk

The DIPOOL research project aims to combine AI, ML and laser systems for use by SMEs

Trumpf UK’s VariMODE beam shape 
control will be used to mitigate the 
risks associated with build failure.
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Ultrasound-assisted 3D printing can deliver tougher, 
stronger, safer aerospace parts, say researchers 
Using ultrasound in additive 
manufacturing can produce 
more robust, durable and 
cheaper components for 
aerospace, toolmaking and 
other industries, according  
to researchers.

The ultrasonic vibrations will 
produce tailored fine-grained 
microstructures in wire- and 
powder-based additively 
manufactured components, 
which will improve their 
mechanical properties and 
corrosion resistance.

The work is being done 
within the four-year, €4m 
UltraGrain project launched 
earlier this year between 
Fraunhofer IWS, Fraunhofer 
IAPT and the RMIT Centre 
for Additive Manufacturing in 
Melbourne, Australia.

During the additive process, 
the researchers will send fine 
vibrations with a precisely 
defined ultrasonic frequency 
through the component or 
directly into the melt pool. 
The vibrations will prevent 
the formation of undesirable 
microscopic columnar 
structures, whose one-sided 
alignment can result in poorer 
mechanical performance. 
In addition, the ultrasonic 
vibrations will cause finer, 
round-shaped micrograins 
to be formed with equiaxial 
alignment, which increases 

desired titanium or steel 
alloys to the laser in wire form. 
Investigations with powder-
based starting materials are  
also planned. 

Fraunhofer IAPT will work on 
the optimal design of additive 
components with different grain 
structures. The scientists will 
develop both a methodology 
for the optimal placement 
of ultrasonically influenced 
material areas, as well as optimal 
path planning for the new 
process technology. 

The RMIT Centre for Additive 
Manufacturing will explore 
the physical processes that 
ultrasound triggers in the 
material during the new process 
approach by using advanced 
synchrotron measurements. 
The Australian researchers 
will also investigate potential 
side effects that could occur 
when scaling the process 

the mechanical and chemical 
load-bearing capacity of the 
additive components. 

“With UltraGrain, we can 
significantly improve properties 
like fatigue resistance, 
strength, toughness and 
ductility, or reduce the cracking 
susceptibility of additively 
manufactured components,” 
said project leader Dr Elena 
López from Fraunhofer IWS. 
(López was recently named one 
of this year’s Photonics100 by 
LSE’s sister title, Electro Optics.)

Because the ultrasound can 
be controlled in a targeted 
manner, the researchers are able 
to, for example, specify exactly 
where the workpiece will be 
subjected to great stresses later 
in use. There, the developers 
can plan for an ultrasound-
controlled grain structure, but 
also decide at which points they 
can do without it in favour of 
faster production – known as 
an adaptive process strategy. 
This is particularly applicable 
to parts such as gas tanks for 
space probes, which have to 
endure the unique challenges 
of outer space for long periods, 
or to tools in car factories that 
have to resist high point loads in 
mass production.

Fraunhofer IWS will contribute 
both its expertise in laser 
cladding, as well as its expertise 
in equipment that feeds the 

New blue laser modules to enable compact welding solutions
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from laboratory production of 
centimetre-sized components, 
to industrial series production of 
components spanning several 
decimetres or even metres.

“UltraGrain will help bring 
additive manufacturing to a 
broad industrial application,” 
predicted Professor Christoph 
Leyens, the executive director 
of Fraunhofer IWS. The 
professors at RMIT are also 
very optimistic about the 
application of ultrasound to 
microstructure manipulation. 
They are convinced the next 
generation of aerospace – as 
well as space part additive 
manufacturing – will significantly 
benefit from the uptake of the 
ultrasound technology.

Industrial interest in the new 
UltraGrain process is already 
high, with companies from 
aerospace, railroad and other 
industries on the advisory board.

Convergent Photonics is 
developing highly efficient and 
extremely compact multi-emitter 
blue laser modules for high-power 
industrial applications.

The modules, which are being 
developed using a new chip-on-
submount (CoS) package for 
445nm laser diodes from Ams 
Osram, could be used to create 
more compact welding solutions.

The CoS-packaged laser diodes 
offer a compact alternative to the 
common transistor-outline-can 
(TO-can) package currently used 
for many optical components.

Several CoS lasers can be 
combined in one module to save 

space. For this, micro-optic lenses 
are mounted adjacent to the laser 
facet, which enables the coupling 
of the single lasers into optical 
fibre, thus giving much more 
precise control of beam shape 
and size. This compact modular 
design also enables better thermal 
management than systems based 
on lasers in the TO-can format.

Ams Osram supplies blue CoS 
lasers in two versions, both of 
which have a power output of 5W: 

the 1.0 x 1.3 x 0.2mm PLPCOS 
450D, and the 4.0 x 3.0 x 0.3mm 
PLPCOS 450E, which is mounted 
on a thermally efficient direct 
bonded copper substrate.

Coupled to 100µm optical fibre 
with optical power output of up to 
100W, the Convergent Photonics 
multi-emitter laser modules can 
be combined to further scale up 
power, providing a very compact 
solution for welding equipment.

“Conventional package styles 

for blue laser diodes limited our 
scope to incorporate blue light 
into our portfolio of compact, 
efficient laser modules,” said 
Roberto Paoletti, Director of Diode 
Fab at Convergent Photonics. 
“With Ams Osram’s development 
of a CoS blue laser, we now have 
a building block that can be 
scaled up to support high-power 
applications in a very compact 
assembly. Now we can incorporate 
blue laser emission in modules 
which match the excellent size, 
weight and power characteristics 
of our existing products in the 
visible and infrared portions of 
the spectrum.”

Experimental set-up for ultrasound-assisted, laser-directed energy deposition. 
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Matthew Dale reports on 
the increase in 30kW+ 
flatbed cutting systems 
seen at EuroBLECH, 
Hannover, this year
Immediately noticeable on arrival at 
EuroBLECH 2022 was the number of 
companies now offering flatbed sheet 
metal cutters with up to (and in some cases 
exceeding) 30kW of laser power. 

Such systems began emerging around 
2019, when Bodor Laser unveiled its 
first 30kW system. However, the list of 
companies offering such power has now 
expanded to include: Bystronic, Eagle 
Lasers, Cutlite Penta, Bodor Laser, Golden 
Laser, HG Laser, Morn Laser and Penta 
Laser, among others.

Despite being one of the biggest names in 
sheet metal processing, Bystronic has only 
this year entered this extreme power regime 
– having released its first 30kW system in 
time for EuroBLECH 2022. Laser Systems 
Europe stopped by its booth to learn more 
about the new system, as well as the target 
markets for this impressive level of power.

The system in question was the ByCut 
Star, unveiled as a successor to Bystronic’s 
popular ByStar Fiber series. 

“We’ve taken the ByStar platform 
and improved its cutting efficiencies, 
accelerations and motion dynamics,” said 
Brody Fanning, Bystronic’s Regional Vice-
president Sales Americas. “We’ve also 
adjusted the shape inside the machine so it 
can accommodate the higher wattage.” 

While the system can reliably cut up to 
30mm-thick sheets of mild/stainless-steel, 
aluminium, brass and copper, Bystronic 
expects the ByCut Star to be used more 

for achieving higher feed rates at the mid-
plate range, from 10-20mm, where it offers 
dramatically higher cutting speed and edge 
quality. “For example, the 30kW enables 
users to cut 6-15mm mild steel twice as fast 
compared to a 15kW system,” said Fanning. 
“When you get to 20mm and beyond, this 
speed more than doubles compared to a 
15kW system.” 

The machine is therefore primarily 
targeted at firms working in this mid-plate 
range – for example, those producing 
equipment for agriculture and construction, 
as well as general metal service centres and 
job shops.

With the abundance of 30kW+ systems 
on display at EuroBLECH this year, we asked 
Fanning what has led to such high powers 
now becoming widely available.

“The power sources used in these lasers 
have been scalable up to higher wattages 
for a long time,” he said. “What’s enabled 
the recent evolution to these higher 
powers are developments in cutting head 
technology, which are now equipped with 
better optics, have better heat dissipation, 
and are overall now more durable – the 
optics can now be kept incredibly clean 
during high-power cutting – and offer lower 
operating costs.”

Cutting heads for 30kW and beyond
In our journey to find out as much as 
possible about this impressive 30kW+ 
regime, Fanning’s comments naturally 
led LSE to those providing cutting 
heads capable of wielding these higher 
power beams.

Coherent is one such firm, showcasing its 
three new BIMO-FSC3 series cutting heads, 
one of which is specced up to 30kW. 

The heads enable high-speed fibre 
laser cutting of sheet metal – such as mild 
steel, stainless steel and aluminium – at 
thicknesses up to 50mm, while delivering 
high uptime and reliability in even the 
harshest industrial environments. Their 
optical design delivers a large focus and 
zoom range for maximum operational 
flexibility and exceptional cutting 
performance under any conditions. The Bystronic’s new ByCut Star is the company’s first system to offer 30kW laser power.

“What’s enabled 
the evolution to 
these higher powers 
are developments 
in cutting head 
technology”

The ultra-high 
power era of  
laser sheet  
metal cutting
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BIMO-FSC3-Z-HP in particular is the model 
capable of handling up to 30kW. It offers 
height-sensing capabilities and a large 
depth of focus, which, when combined, 
achieve exceptional cutting speeds while 
maintaining high quality and consistency 
across very large sheets of metal.

What’s unique about the cutting head 
series as a whole, according to Alexander 
Müller, Product Line Manager for Laser 
Cutting at Coherent, is how they are 
all engineered to mitigate the damage 
caused by spatter when processing thicker 
materials using ultra-high power lasers. 

“The BIMO-FSC3 series features the 
largest standoff available between the 
penultimate and final optics before the 
beam exits the head,” he began. “This 
means that whenever spatter (say one 
in every 10,000 pieces of spatter) does 
actually manage to enter the cutting head, 
it loses energy over this large distance and 
therefore can’t damage the optics. This 
largely reduces the amount of maintenance 
required on the cutting head in the long run.”

Another attractive feature of the new 
series of cutting heads is their high 
numerical aperture (NA) – 0.15 for the 
BIMO-FSC3-Z-HP 30kW head and 0.18 
for the BIMO-FSC3-L 20kW cutting head. 
This makes such cutting heads particularly 
attractive to the Chinese market, which, 

according to Müller is currently the biggest 
adopter of ultra-high power laser cutting. 
“One company I’ve spoken to said that well 
over a hundred 30kW systems have now 
been sold in China. For 20kW systems, this 
number is closer to 500,” he said. “Having 
a high NA cutting head is very attractive 
to system builders in this market, as the 
parameters of the fibre lasers being sold 
there can sometimes vary from the exact 
specifications on the datasheet. And so 
we wanted to build cutting heads with a 
high level of tolerance. Even when faced 
with beams lacking slightly in quality, these 
heads can comfortably handle between 20-
30kW of power, without having a lot of that 
power dumped inside the head to cause 
potential damage.”

Coherent cites automotive production, 
shipbuilding, white goods manufacturing 
and energy infrastructure construction and 
repair as target markets for the new heads. 

“From the discussions we’ve had, 
companies providing cutting machines 
for these markets (be that plasma or laser 
cutting) are preparing to conduct a carbon 
footprint analysis on how much CO2 is 
required to cut a certain amount of material,” 
said Müller. “It is here where laser cutting can 
offer tremendous benefit, as it consumes a 
lot less energy than plasma cutting.”

Precitec is another firm offering cutting 
heads with ultra-high cutting powers. The 
firm was showcasing its ProCutter 2.0, 
capable of handling up to 40kW of laser 
power thanks to its sophisticated cooling 
concept and extended travel paths. The 
cutting head works with 1,030 - 1,090nm 
wavelengths and offers an NA of 0.18.

Echoing Müller’s comments, Martin 
Halschka, Director Business Unit Welding at 
Precitec, remarked that the high NA of the 

Numerous 30kW systems were showcased at EuroBLECH 2022 and generated plenty of interest, as 
seen here at Cutlite Penta’s booth.

g

ProCutter 2.0 means it can handle extremely 
powerful beams with sub-par beam 
qualities. Halschka too highlighted that 
the new head will be advantageous in the 
Chinese market, where Precitec has seen 
a lot of demand for extremely high-power 
lasers from industries such as shipbuilding 
and construction, where the technology 
proves advantageous and more economical 
over plasma cutting technologies.

Despite 40kW being a staggering amount 
of power to be channelled through a cutting 
head, Halschka noted that Precitec is also 
currently working on a 50kW model. The 
firm has even created a design model for 
what it believes a 100kW cutting head  
would look like in the future (pictured above). 
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Coherent’s new BIMO-FSC3 cutting heads can 
comfortably wield up to 30kW laser power.

In addition to showing a 40kW cutting head on its 
booth, Precitec presented this design study for 
what a 100kW cutting head could look like.
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When asked if powers could really get that 
high, Halschka observed that no one was 
talking about 50kW just two years ago, and 
six years ago 20kW seemed unattainable. 

“We’re looking to hear feedback from 
customers regarding this 100kW design and 
this level of power,” said Halschka.

Trumpf reaches 24kW
Trumpf is also well on its way to wielding 
30kW laser power, having unveiled an 
upgraded version of its TruLaser 5000 
series, fitted with a 24kW TruDisk 24001 
laser, at the show. The new system can 
process sheet metal up to three times more 
quickly, which, depending on the material 
and the application, means it can handle up 
to 80% more sheets per hour.

“Increased laser power means companies 
can slash processing times while also 
improving the quality of processed parts,” 
product manager Patrick Schüle told Laser 
Systems Europe at the show. “With its 
patented cutting unit, automated functions 
and dynamic performance, this technology 
significantly boosts productivity,” he said.

The previous version of the TruLaser 
5000 was equipped with a 12kW laser. At 
such power, users are able to cut sheets of 
mild steel to a maximum thickness of 15mm 
when nitrogen is used as a cutting gas. To cut 
thicker parts, it is necessary to add oxygen. 
This leads to the formation of an oxide 
layer on the cut edges of the part, which 
has to be removed either by machine or by 
hand – a process both laborious and time-
consuming. By contrast, the 24kW machine 
can handle mild steel up to 20mm thick using 
nitrogen. As a result, there is barely any need 
for reworking and productivity therefore 
increases. At the same time, the increased 
laser power improves the quality of cut 
parts, especially for medium and high sheet 
thicknesses across a range of materials.

With the numerous systems offering 
extreme levels of power at EuroBLECH 
this year, Stephan Mayer, CEO for Machine 
Tools at Trumpf, remarked during a press 
conference at the show that while the 
company may not be the first to present 
such high power, it is the one that has 
proven the technology most effectively. 

“We took our time to make sure that what 
we present and what we offer really does 
the job as it should, and that the machine is 
still running in 10 or 15 years – and hasn’t 
cut itself into pieces,” he said. “While in 
some topics we can be the innovator and 
be the very first, in other topics we take the 
time to make sure we keep our promises.”

Amada promotes autonomy  
and ease of use over power
Not all manufacturers involved in flatbed 
laser cutting have decided to pursue 
extreme levels of power.

Amada is one such example. It exhibited 
its new 12kW Regius 3015 AJe system – an 
evolution of the existing 12kW Regius 3015 
AJ. The newly enhanced ‘e’ version offers 
many of the features of its predecessor, 
such as a high-speed, three-axis linear drive 
system, Amada’s Variable Beam Control 
technology, and automatic protection glass 
monitoring, collision recovery, and nozzle 
checking/changing/centering.

The ‘e’ added to the end of the new 
Regius system’s name represents a number 
of different aspects. “The main things it 
stands for are ‘easy’ and ‘economical’,” 
said Matt Wood, European manager for 
Amada’s blanking technology. “Because it’s 
getting harder to recruit skilled operators, 
we’re trying to make the machines as 
simple to use as possible. For us, rather 
than getting involved in this crazy power 
race – numerous 20-40kW systems can 
be seen at EuroBLECH this year – it’s 
more about making the whole process 
more autonomous, more economical and 
simplifying any downstream processes that 
might need to take place.”

For example, the system’s new facial 

recognition functionality enables it to 
automatically detect who is using the 
system, then it can switch the language, 
preferences and permissions to their 
personal settings. “This is very useful due to 
the huge crossover in nationalities and skill 
levels you get in production environments,” 
said Wood. “So, if you’ve got a highly skilled 
operator who you’re okay with manipulating 
the cutting data, then they can be given full 
access when they use the system. On the 
other hand, if you’ve got a trainee using the 
system, it can be set to lock the cutting data 
so it can’t be changed.”

Another new feature reduces the 
bevel and dross on the cut part, which 
simplifies downstream welding processes 
dramatically. “This feature is called dual-
gas functionality,” said Wood. “It features a 
new nozzle that better focuses the oxygen 
flow, ensuring it is diverted into the cut 
itself rather than being sprayed to the side. 
For certain thicknesses, this can reduce 
the oxygen assist gas consumption by up 
to 60%.”

Amada has also introduced an automated 
version of its existing ‘Silky Cut’ technology 
to the new system, which according to 
Wood enables its fibre laser to match 
and even exceed the cut quality of CO2 
lasers for stainless steel up to 20mm 
and aluminium up to 15mm. “For 6-8mm 
aluminium, the results are so exceptional, 
they even look machine-finished,” he said. 
While this technology has featured on 
Amada’s previous fibre lasers, the user 
traditionally had to manually change the 
lens when switching between the standard 
and Silky Cut modes. However, for the newly 
enhanced ‘e’ version of the Regius 3015 
AJ, this process can be automated in less 
than a second. 

Overall, while the system is very 
capable of processing metals such as 
mild steels, stainless steels and aluminium 
up to thicknesses of 32mm and beyond, 
Amada’s target customers for the 12kW 
Regius 3015 AJe will be generally working 
with thicknesses anywhere up to 25mm, 
according to Wood. l
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Trumpf has upped the power of its TruLaser 5000 
system to 24kW to deliver faster, higher-quality 
sheet metal cutting.

Amada has opted for additional autonomy and 
ease of use in its latest 12kW Regius 3015 AJe 
system, rather than extreme levels of laser power. 
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“Increased laser 
power means 
companies can slash 
processing times 
while also improving 
the quality of 
processed parts”

10    LASER SYSTEMS EUROPE WINTER 2022 @LASERSYSTEMSMAG  |  WWW.LASERSYSTEMSEUROPE.COM



www.scanlab.de

SCANcube IV: Compact Scan Head for 
Standard Applications

• Application-specific tunings with 
  high scan dynamics 

• Improved system linearity by 30 % 

• Optional read-back functions for

   process monitoring

• Best price-performance ratio

Compact, Flexible 

and Smartand Smart

San Francisco, CA | Jan 31 - Feb 2, 2023
Visit us at booth #1949

San Francisco, CA | Jan 28 - 29, 2023
Visit us at booth #8141

photoptics 2023

 MORE INFORMATION AT:  
HTTPS://PHOTOPTICS.SCITEVENTS.ORG

 MORE INFORMATION AT:  

11th International Conference on 
Photonics, Optics and Laser Technology

LISBON, PORTUGAL   |  16 - 18 FEBRUARY, 2023  

CONFERENCE AREAS
Lasers
Optics
Photonics 

www.scansonic.de
www.scanlab.de
HTTPS://PHOTOPTICS.SCITEVENTS.ORG


Matthew Dale details 
some of the key 
innovations seen  
at Formnext this year

With 802 exhibitors and 29,581 visitors in 
attendance at Formnext in Frankfurt this 
year – up from 606 exhibitors and 17,859 
visitors in 2021 – the additive manufacturing 
(AM) industry has clearly returned to 
its pre-Covid levels of enthusiasm for 
live networking.

For me, attending the show really helped 
cement the message shared by AM experts 
in the weeks prior to the show (see page 
15) – that AM systems are now very capable 
of delivering the precision, repeatability, 
throughput, part size and consistency 
demands of serial production. Gone are 
the days where this technology was simply 
viewed as a novel prototyping tool.

Increasing build volume
An overwhelming theme that came across 
this year was just how big additively 
manufactured parts are getting, with 
dimensions up to a metre and beyond now 
within reach.

For example, SLM Solutions recently 
extended the build envelope of its NXG XII 
600 powder bed fusion system by 900mm 
in the z-axis – now totalling 600 x 600 x 
1,500mm. This newly released ‘NXG XII 600E’ 
model is designed for customers demanding 
larger metal parts at exceptional build rates.

Equipped with the same suite of 12 1kW 
lasers as its predecessor, the new model 
delivers build rates up to 1,000cm3/hr – five 
times faster than a quad-laser system and 
20 times faster than a single-laser system. 
With such speeds, serial production of 
complex geometries can be completed 
in a matter of hours or days, rather than 
weeks and months. At Formnext, SLM 
showed examples of large-scale parts built 
using the original NXG XII 600, including an 
impeller and an engine midframe made from 

IN718, and heat exchangers made from 
AlSi10Mg. The system can also work with 
other commonly qualified materials, such as 
TiAl6V4 and various copper alloys.

SLM has already accepted its first order 
for the extended system from Concurrent 
Technologies Corporation (CTC), the prime 
contractor for a US Air Force Research 
Laboratory (AFRL) project, which intends 
to additively manufacture components that 
can withstand the extreme temperature and 
performance requirements of the space and 
defence sectors. 

“The reason why we came out with the 
original NXG XII 600 was because it was 
being strongly requested by our customer 
base,” Emily DeSimone, Director of Global 
Marketing at SLM Solutions, told Laser 
Systems Europe at the show. “That system 
offered a 600 x 600 x 600mm build envelope. 
However, we were getting feedback that 
an even larger format was required. So this 
is what the extended z-axis can now offer. 
CTC, which helped fund the development 
of the NXG XII 600E via an AFRL contract, 
will use the newly purchased system in 
its development of advanced hypersonic 

weapon systems once we deliver it in 
2023.” SLM also had a range of other firms 
expressing interest in the newly extended 
system at Formnext, DeSimone added.

Despite only just releasing the newly 
extended system, it looks like SLM Solutions 
already has its sights set on even larger 
build envelopes. In the wake of the show, 
the firm announced its plans to increase 
build volume even further, with an upcoming 
solution set to produce metal parts up 
to 3,000 x 1,200 x 1,200mm (LxWxH) at 
build rates up to 330cm³/hr. SLM has not 
yet revealed when the new system can 
be expected, but claims it to be a “real 
revolution of manufacturing” capable of 
producing “giant and massive” metal parts.

Another example of large build volume 
was seen over on Prima Additive’s 
booth, where the firm’s new IANUS laser 
processing robotic cell was shown to be 
capable of producing parts up to 1,600 x 
1,200 x 700mm in size via directed energy 
deposition (DED). 

While configured for powder-based 
DED at Formnext, the system can also be 
equipped with changeable heads to facilitate 

Pushing the boundaries of 
additive manufacturing
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SLM’s new NXG XII 600E offers an extended build envelope in the z-axis to accommodate even larger 
parts than its predecessor.
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wire-based DED, remote laser welding 
and laser hardening, said Daniele Grosso, 
Prima Additive’s marketing manager. “It is 
capable of building a part using AM and 
then processing it using laser welding or 
hardening without having to remove the part 
from the build chamber,” he said.

The machine was developed in 
collaboration with Siemens, and so 
incorporates the firm’s expertise in robotics, 
automation and digitalisation. “The IANUS 
therefore presents a series of functional 
solutions for inclusion in the factory of the 
future,” Grosso continued. “This machine 
and its robotics therefore work with any 
CAD-CAM-CNC software also developed 
by Siemens. So in this way, if a manufacturer 
has traditionally used a milling machine 
equipped with Siemens software, they will 
be able to easily program the IANUS and 
its robotics without having to learn a new 
programming language. They will also be 
able to handle data surrounding the system 
and its processes in the same way they are 
used with other Siemens-powered systems.

Copper printing with  
green laser technology
Also on Prima Additive’s booth was 
evidence of another developing AM trend: 
the ability to print components from pure 
copper. The firm was demonstrating the 
exceptional quality and repeatability of 
its Print Green 150 system which, thanks 
to a 200W green laser, can produce pure 
copper parts up to 150 x 160mm in size with 
densities exceeding 99.9%. The system 
can also be equipped with an infrared laser 
for processing standard alloys. This can 
be done in a dual-laser configuration to 
increase productivity – either featuring 
two green lasers, two infrared lasers, or 
one of each if manufacturers are required 
to build both copper and standard alloy 
parts. Each laser is equipped with a beam 
expander to adjust its beam size according 
to requirements. The system can achieve a 
single line width of 0.1mm and a minimum 
layer thickness of 0.02mm during builds to 
deliver high precision.

“It also has a dual pre-heating system 
that allows the surface of the powder 
bed to be heated both from above and 
below via a heated plate, thus allowing 
the powder bed to reach a temperature of 
up to 300°C, if required,” said Grosso. “In 
addition, a high-speed coaxial pyrometer 
monitors the temperature in real time while 
two cameras monitor the process and the 
powder bed. Lastly, the system also offers 
optimised gas flow to minimise nitrogen or 
argon consumption.”

Copper printing was also front and centre 
over at Trumpf’s booth, where the firm was 
showcasing a new version of its largest 
3D printer, the TruPrint 5000. The system 
has been equipped with a TruDisk 1020 
green laser to facilitate the processing of 
large copper components up to 300mm 
in diameter and 400mm in height. The 
system can deliver 800W of laser power to 
the workpiece to achieve build rates of up 
to 100cm3/h, with layer thicknesses down 
to 30μm. 

At the show, the firm displayed a radio 
frequency quadrupole manufactured from 
electrolytic tough pitch (ETP) copper, as well 
as other copper parts, including gas coolers, 
fluid mixers, semiconductor coolers, 
shaft inductors and heat exchangers. 
Trumpf’s research into the gas flow and 
laser exposure strategies has enabled it to 
maximise the repeatability of the TruPrint 
5000, allowing such components to be 
produced in series production across a 
network of machines. The firm claims it can 
even print copper “as easily as common 3D 
printing materials such as stainless steel”. 
The system can also be used for hybrid 
production, for example, to print special 
functions such as cooling channels onto 

Trumpf displayed a large radio frequency 
quadrupole part printed from electrolytic tough 
pitch (ETP) copper on its booth this year.
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milled or cast components, or for repairing 
parts such as turbine blades.

A new approach to AM process monitoring 
In addition to optimised gas flows and 
laser exposure strategies, the increasing 
repeatability of AM systems can also be 
attributed to continual advances in process 
monitoring technologies. Arrays of visual-, 
thermographic- or OCT-based cameras 
and sensors are now being used in modern 
AM systems to reliably identify defects 
during builds. They even enable parameters 
to be adjusted on the fly to minimise 
the creation of such defects, ensuring 

maximum precision and consistency 
throughout builds.

While GF Machining Solutions has 
integrated such sensor technologies into 
its existing systems, this year at Formnext 
the firm was presenting a prototype 
electromagnetic system currently under 
development in collaboration with Swiss 
companies AMiquam SA and Inspire AG. 

The plug-and-play system is based on 
eddy current technology and was being 
shown on GF’s DMP Flex 350 laser powder 
bed fusion (LPBF) machine. It is designed to 
collect information on AM process stability 
via quality assessment on porosity or other 
defects, in compliance with the international 
standards and regulatory bodies of 
regulated markets, such as aerospace 
and healthcare.

“There are a number of process 
monitoring technologies currently being 
applied to LPBF,” said Dogan Basic, 
Product Marketing Manager for Advanced 

“The NXG XII 
600E is designed 
for customers 
demanding larger 
metal parts  
at exceptional  
build rates”
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An impeller produced on the NXG XII 600 in 5.5 
days from IN718, with a layer thickness of 60µm.

Depiction of a part being built using multiple 
laser beams in the extended build envelope of 
SLM Solutions’ new NXG XII 600E system.

WINTER 2022  LASER SYSTEMS EUROPE  13WWW.LASERSYSTEMSEUROPE.COM  |  @LASERSYSTEMSMAG



manufacturing at GF Machining Solutions. 
“For example, one of the main methods 
currently involves one or multiple visual-, 
thermographic- or OCT-based sensors 
being used in situ to examine the melt 
pool and identify defects. While these 
technologies do work, many aren’t 
currently being used across aerospace 
or medical device manufacturing to 
assess parts, as these technologies 
aren’t yet standardised or validated in 
these industries.”

He continued by explaining that for 
non-additively-manufactured parts, 
such industries often use eddy current 
technology for quality check and parts 
validation. This involves passing an 
electrical current through the parts to map 
them and reveal porosity and other defects.

“And so what we are doing here is 
working with our partners to adapt this 
technology to LPBF,” said Basic. “The appeal 
here is that this is already a standardised 
and validated technology used across 
heavily regulated industries. And so if this 
technology – which delivers results similar 
to melt pool monitoring techniques – is 
used to check a part, these industries will 
know not only whether a part is good or not, 
but also whether it is validated for use in 
their industry.” 

Currently, such industries have to use 
non-destructive testing solutions, such as 
CT-scanning, to validate AM parts, which 
can be expensive. Therefore, according to 
Basic, by using a monitoring technology 
already validated by the official regulatory 
boards, firms in these industries will no 
longer have to resort to this kind of testing.

He explained that the current version of 
the DMP Flex 350 uses both a melt pool 
monitoring system as well as a camera to 
photograph parts after each build layer. 
However, the idea in the future is to offer as 
an option the new eddy current technology, 
the data of which will be fed into software 
that, according to Basic, is being beta tested 
over the coming months.

“We anticipate this new offering to attract 
a lot of interest from aerospace companies 
due to it preventing the need to perform 

non-destructive testing,” he said. “We 
are currently collaborating with multiple 
large aerospace suppliers and OEMs to 
develop the new technology, and have so far 
received very positive feedback.”

Should the new technology continue 
proving successful, GF Machining Solutions 
plans to integrate it across its DMP Flex 350 
Dual system, as well as the rest of its AM 
system range in the future.

GE Additive’s Concept Laser M Line 
pushed to its limits
At GE Additive’s booth, the firm unveiled 
the results of a joint design and engineering 
project with Shell International – an 
additively manufactured oxygen hydrogen 
micromixer measuring 296mm in height and 
484mm in diameter.

The complex, non-functional 
demonstration part was printed in nickel 
alloy 718 on a GE Additive Concept Laser 
M Line system, installed at Shell’s 3D 
Printing CoE and Workshop at its Energy 
Transition Campus Amsterdam (ETCA) in 
the Netherlands. Having its own printing 
capability grants Shell’s R&D department 
the freedom and speed to create novel 
parts not available in the market and solve 
new technical challenges in support of 
the ongoing transition to sustainable 
energy sources.

“We really wanted to put the M Line 
through its paces and test it to its limits,” 
said Joost Kroon, an additive technology 
subject matter expert at Shell. “Working 
with the GE Additive team we agreed to 
apply additive technology to reimagine a 
large, complex part, incorporating channels 
that would be difficult to manufacture 
conventionally. Working on an oxygen 
hydrogen micromixer aligns well with our 
companies’ strategies to play a positive role 
in the energy transition.”

Sonali Sonawane Thakker, a lead design 
engineer at GE Additive’s AddWorks 
team based in Munich, was tasked with 
researching, designing and iterating the 
final design on display at Formnext. Her 
mission was to design a part that was large 

and complex and incorporated channels 
for hydrogen and compressed oxygen. 
Sonawane Thakker was able to deploy the 
design freedoms that additive technology 
affords to rethink the structure and shape 
of the part.

“Once we had settled on a part, our 
preliminary research showed that existing 
micromixers – also known as hydrogen-
oxygen burners – are typically cylindrical, 
when conventionally manufactured, to 
accommodate the complex layout of tanks, 
pipes and nozzles,” she said. “For additional 
complexity we chose a large conical design 
and also moved from a flat to a curved 
structure with an ISO grid to increase the 
overall strength, rather than a customary 
flat one.”

Thakker sought inspiration from 
geometries and symmetry in the natural 
world, in particular the Fibonacci sequence 
replicated in flowers and petals. “With over 
330 individual nozzles to incorporate in a 
circular pattern, I took inspiration from the 
ways pollen grains form in a flower head. 
The curved wall and the conical shape also 
reflect the shape of a petal,” she added.

Post-processing was also completed at 
the Shell facility, and this was made easier 
through inclusion of powder removal holes, 
incorporated by Thakker during the design 
phase. The part was completed in early 
November and sent to GE Additive’s booth 
at formnext. 

“Given this is one of, if not the largest 
and most complex part built on an M Line 
so far, we’ve remained in close contact 
with the GE Additive team in Munich and 
were supported on the ground here in 
Amsterdam by their local field service 
engineers,” said Lisa Kieft-Lenders, team 
lead at at the Shell 3D Printing Center of 
Excellence and Workshop. “After some 
adaptions at the start, the build ran 
smoothly over nine days.”  l
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An additively manufactured oxygen hydrogen 
micromixer was one of GE Additive’s 
centrepieces at Formnext

GF Machining Solutions presented a prototype 
electromagnetic process monitoring system 
intended for heavily regulated industries.

“The TruPrint 5000 
Green Edition can 
print copper as 
easily as common 
3D printing 
materials such as 
stainless steel”
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In a recent webinar, 
experts shared how 
additive technologies 
are already being 
deployed in specialist 
subsectors for volume 
manufacturing

Laser additive manufacturing (AM) is 
becoming increasingly established as a 
serial production tool in automotive and 
aerospace. This is due to a number of 
ongoing developments – such as advancing 
metrology systems, better data handling 
and optimised multi-laser scanning 
strategies – dramatically ramping up its 
repeatability and productivity.

So heard attendees of a recent Laser 
Systems Europe webinar by Zach 
Murphree, VP of Global Sales and Business 
Development at Velo3D, and Jasmin 
Saewe, Head of Laser Powder Bed Fusion 
at Fraunhofer ILT (Saewe was recently 
named one of this year’s Photonics100, by 
LSE’s sister title Electro Optics). The two 
experts were interviewed by LSE’s editor, 
Matthew Dale, who sought to establish the 
degree to which laser AM has been making 
its way into these major industries for 
serial production.

Aerospace: rapid AM uptake  
in space and defence
Murphree began by explaining that Velo3D 
has focused on the goal of developing 
AM systems for serial production since 
its founding, and that demands for such 
systems are now increasing in industry. 
“This is particularly the case for aerospace, 
where we’ve noticed quite a rapid uptake 
of AM for serial production here in the US,” 
he said.

However, as one might expect, this fast 
adoption hasn’t been in heavily regulated 
commercial aviation, but rather in the 
specialist subsectors of space and defence.

“This is partly because there is a lower bar 

here when it comes to verification – a lot of 
the qualification is done by testing individual 
parts, rather than needing to obtain an FAA 
certificate for both a part and an entire 
manufacturing process,” said Murphree.  
“So these sectors have been really fast 
to adopt AM, which has also partly been 
driven by them having the highest demands 
in terms of component performance – for 
example, with regards to lightweighting  
and durability.”

He noted that flagship AM components in 
space and defence include rocket engines 
and other propulsion components, which 
is where Velo3D has seen the most value 
and fastest adoption of AM technology. 
“This is a great example of taking a lot 
of the universal advantages of AM and 
incorporating them in real components,” 
he said. “So in both these sectors, 
lightweighting is an obvious advantage 
enabled by AM, but it has also enabled 

parts such as cooling jackets, injectors 
and other complex cooling components 
to be consolidated into single parts, in 
addition to unlocking other dramatic 
performance improvements.”

Asked whether having this now-
established foothold in space and defence 
could potentially accelerate AM’s uptake 
in commercial aviation, Murphree said: “I 
definitely think so. I’d draw comparisons 
with the space race in the 1960s, where 
systems and components that had been 
rapidly qualified for manned space flights 
started to make their way into other fields 
and industries, including aviation. We’re 
seeing a similar effect happen now, with 
Nasa once again starting to work towards 
qualifying AM systems and components 
for manned space flight, which will be the 
first step towards increased qualification 
of components for commercial aviation in 
the future.”    
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Velo3D has customers using multiple AM systems under one roof to facilitate serial production.

“We’re gradually 
establishing the 
required pedigree 
of data for a 
range of qualified 
AM processes”

ROCKETS AND 
RACING DRIVE SERIAL  
AM PRODUCTION

g

WINTER 2022  LASER SYSTEMS EUROPE  15WWW.LASERSYSTEMSEUROPE.COM  |  @LASERSYSTEMSMAG

FEATURE: ADDITIVE MANUFACTURING



Enhancing metrology and calibration
Ongoing developments in metrology 
and calibration being made by system 
developers such as Velo3D will be key to the 
success of AM’s uptake in serial production.

“When we started out, it was all about 
enabling our customers to print parts with 
geometries they otherwise wouldn’t have 
been able to produce,” said Murphree. “This 
was a key step in drawing more people 
into the world and capabilities of additive 
manufacturing. But as you scale into 
production there are other things you also 
need to deliver, such as cost-effectiveness, 
throughput, quality and, overall, consistency. 
These are all aspects we’ve been able to 
improve through advancing our metrology 
and calibration systems.”

An example of these advancements is 
Velo3D’s ‘One Click’ calibration capability, 
which enables a user to quickly calibrate 
the optical system of their printer without 
requiring external measurement tools or a 
field service engineer. This means that the 
calibration can be performed prior to each 
build, which means the system is in a known 
good state when a print starts. Typically, 
this sort of calibration is time-consuming 
and requires the attendance of service 
personnel from the system manufacturer, 
and so is usually performed every 90 days 
or so. This leaves periods of time where the 
system may or may not still be in spec for 
certain builds.

Advancing Velo3D’s metrology and 
calibration has been crucial for facilitating 
what Murphree believes are the two 
frameworks currently taking shape for AM 
serial production. 

“One is what many people might 
envisage already – a factory floor filled with 
numerous AM systems, all printing parts 
simultaneously – and we do have customers 
like this. The other is where our customers 
use just one AM system for product 
development, and then rely on a network 
of contract manufacturers to produce their 
parts at scale. This second framework in 
particular relies immensely on each AM 
system in the network being able to deliver 
consistent parts that match exactly the 
specifications sent to them by the original 
customer. This is where the optimised 
metrology and calibration of our machines 
become of critical value.”

Establishing trust through data ‘pedigree’
Another important factor that will influence 
AM’s uptake in serial production is, quite 
simply, trust.

“For a traditional process such as casting, 
there is literally decades of data available 
on both the process itself and the parts it 
produces, and so there’s this established 
pedigree of data,” said Murphree. “We 

need to get to the point where AM parts 
have that same level of data and backing 
that enables people to have confidence 
in the mechanical properties, quality and 
consistency of the process.”

While headway is slowly being made 
here in commercial aviation, according to 
Murphree, it’s only the biggest names in the 
sector that currently have the resources 
to get AM processes and parts certified, 
due to the extensive amount of testing and 
validation required. This limits the amount 
of data being generated surrounding the 
deployed processes and parts.

“We’re currently working on overcoming 
this barrier at Velo3D by providing data 
around the quality of printed parts in a 
format that our customers can rely on 
as part of their qualification process,” 
Murphree said. “This reduces the amount of 
redundant work that has to be done for AM 
to really grow at scale.”

Velo3D has developed and defined 
numerous processes using a range of 
materials for its systems, and distributes 
that information – as well as the mechanical 
properties of printed parts – to its customer 
base. “By doing this we’re gradually 
establishing that required pedigree of data 
for a range of qualified, fixed processes 
that can then be used across different 
manufacturers to produce consistent 
results,” said Murphree. “With that, you really 
start to get the scale of data and statistics 
required to hit the critical mass that will 
accelerate AM adoption and drive it into 
other industries as well.”

A 1m tall, one-piece rocket nozzle made out of 
IN718 with 20 injectors and optimised internal 
thin wall regenerative cooling. Displayed by 
Velo3D at Formnext this year.

Automotive: Cost-per part  
needs to come down 
Despite the numerous regulations 
surrounding aerospace – especially 
commercial aviation – acting as a barrier 
to widespread AM adoption in series 
production, it does have certain leniencies 
that aren’t shared with other industries.

“In aerospace there exists a higher 
freedom in terms of the amount a part is 
allowed to cost, and so it’s more the quality 
and performance of a manufacturing 
process and the parts it produces that 
leads it to being chosen – as opposed to 
the expense,” said Fraunhofer ILT’s Jasmin 
Saewe. “Automotive, on the other hand, is 
a very cost-driven industry. To introduce a 
new manufacturing technology, a  
business case must first be clearly  
defined. Even if a part performs better due 
to it being produced by AM, if overall the 
process is more cost-intensive per part, it 
will not as likely be invested in by  
automotive manufacturers.”

However, similar to space and defence 
in the aerospace industry being more 
lenient with regards to cost in favour of 
performance, there have also been certain 
subsectors of the automotive industry 
acting as early adopters of AM for the same 
reason. “The racing sector in particular 
has been keen to adopt AM technology 
to produce high-performance parts,” said 
Saewe. “We’re also starting to see more  
and more additively manufactured  
structural parts, such as brackets or brake 
calipers, being used in the premium car 
market as well.”

To penetrate the consumer-vehicle 
automotive sector, however, AM will have to 
lower the overall cost per part to create a 
business case for the technology. This will 
involve increasing the productivity of both 
the AM process itself, as well as the entire 
automotive process chain.

“But importantly, the key to getting AM 
into the main automotive sector will be to 
implement it without changing the overall 
process chain too much, as each new 
process and part has to be qualified and 
standardised – although not quite to the 
same extent as aerospace,” said Saewe. “So 
while you certainly could apply AM across 
the whole process chain, that actually 
wouldn’t help the implementation at all due 
to the sheer volume of qualification and 
standardisation work that would have to 
take place.”

Saewe noted that part of the solution 
in reducing cost-per-part in automotive 
could be to get the most out of existing 
AM technologies using what’s called an 
‘adaptive process strategy’. This refers to 
using one set of parameters for an entire 
part, instead of using parameters that 

g

16    LASER SYSTEMS EUROPE WINTER 2022 @LASERSYSTEMSMAG  |  WWW.LASERSYSTEMSEUROPE.COM

FEATURE: ADDITIVE MANUFACTURING



deliver the exact level of quality required 
for each segment of the part. “For example, 
there are certain areas of automotive 
parts that have larger forces acting on 
them than others, and it is here where the 
parameters delivering the highest quality 
– and consequently the longest print times 
– will be required. For the other areas of 
the part, less time could be taken which, 
while delivering ‘less’ quality, would actually 
increase productivity while delivering 
the exact level of quality required. This 
adaptive strategy is not yet being used 
enough among developers and users of 
AM technology.”

Implementing such a strategy was one 
of Fraunhofer ILT’s main goals within the 
recent three-year collaborative project, 
IDAM (Industrialisation and Digitalisation 
of Additive Manufacturing), which saw the 
development and installation of two fully 
autonomous serial AM production lines 
for automotive parts at partners BMW and 
GKN Additive. 

“Together, these two lines demonstrate 
exactly how AM in automotive can be 
approached,” said Saewe. “Fraunhofer ILT 
was heavily involved in optimising the digital 
process chain, including how to adapt and 
control the AM machines, how to prepare all 
the data and how to determine the optimal 
process parameters for each part. This 
involved fusing the output of multiple, high-
resolution sensors – both visual and thermal 
– using machine learning algorithms, 
which allows us to begin to predict part 
quality for quality assurance purposes. 
This prevents the need to use destructive 
quality assurance processes, which are 
both time-consuming and expensive for the 
automotive industry.”

The new lines will use laser powder bed 

fusion (LPBF) technology to produce about 
50,000 components a year in common part 
production, as well as more than 10,000 
individual and new parts. Using LPBF means 
certain tools are no longer required and 
new design possibilities can be realised to 
produce the parts – which greatly increases 
flexibility and cost-effectiveness for BMW 
and GKN Additive.

However, despite the great success of 
this project, Saewe believes the automotive 
industry is still some way from using AM to 
produce parts for consumer vehicles. “In 
addition to working with BMW, we’re also 
working together with other automotive 
companies to develop new AM parts and 
materials,” she said. “It’s through this work 
(in addition to project IDAM) that we’re really 
seeing the challenges automotive firms 
have to face in developing a business case 
for the technology – the sheer volume of 
parts that have to be made to even begin 
justifying AM usage is extremely high.”

Laser advances helping drive productivity
In addition to improvements along the 
digital process chain, Saewe noted that the 
recent introduction of multi-laser scanning 
strategies, as well as beam shaping 
technologies, are helping dramatically 
increase the productivity of AM.

“These advancements will all strongly 
benefit the automotive industry,” she said. 
“We’re seeing more and more system 
providers launch multi-laser systems 
that ramp up AM productivity.” The most 
extreme of these is currently SLM Solutions’ 
NXG XII 600 series, which utilises  
12 1kW lasers to offer build rates of up 
to 1,000cm3/hr. 

In addition, lasers with in-built beam 
shaping functionality have the potential 
to dramatically improve productivity, 
said Saewe. Such sources enable rapid 
switching from Gaussian beam shapes to 
ring-mode shapes and have been emerging 
for applications such as cutting and 
welding in recent years, and more lately for 
additive manufacturing.

“These different intensity distributions 
are able to induce more laser power into the 
parts without introducing defects, meaning 
the process speed can be increased. So 
that’s something I think will be used more 
and more in additive manufacturing – some 
machine providers have already announced 
the integration of those lasers into their 
commercial systems.”

Fraunhofer ILT has recently been bringing 
all the latest AM advancements together 
in the development and optimisation of 
its own systems being developed and 
built in-house.

“For example, we’ve been exploring the 
idea of large-scale additive manufacturing 

for applications in industries where larger, 
higher-performance parts are in demand 
– for example, in space and aviation,” said 
Saewe. “And so we’ve developed a machine 
from scratch that can print larger parts up to 
1,000 x 800 x 350mm in size. Every aspect 
of it, from the data preparation and the 
optimised shielding gas flow to the scanning 
strategy of the five laser systems, was 
completely designed and developed by ILT 
experts to deliver faster build times for large 
parts.” At the AM trade fair Formnext this 
year (See pages 12-15 for a show report), 
the ILT displayed a part produced on the 
new system on its booth – an  
800mm-diameter turbine rear frame made 
of nickel-alloy 718. 

New materials still required
In addition to the development of the 
technology itself, research into new 
materials is equally as important for further 
driving AM adoption in series production.

“While some say there are already plenty 
of materials to work with in LBPF, I would say 
that in conventional manufacturing, there 
are several factors more materials you are 
able to select from,” said Saewe. “This is 
crucial for the widespread uptake of LBPF, 
as there will be many industry companies 
out there that would like to adopt AM 
technology while also being able to use a 
material similar to that which they already 
use with conventional manufacturing.”

At this year’s International Laser 
Technology Congress, AKL 22, hosted 
at Fraunhofer ILT, multiple papers 
were presented on the use of AI in the 
development of new materials. “That was an 
interesting approach to see,” said Saewe. 
“We also saw a definite increase in the 
number of papers reporting on increases 
to both the productivity and quality of 
LPBF. Standardisation was also a big 
topic – which of course generated a lot of 
interest in industry, as this will be key to their 
widespread adoption of the technology. l

AM has been rapidly adopted in the space and 
defence sectors for the production of rocket 
engines and other propulsion components.

Fraunhofer ILT displayed a part produced by a 
multi-laser gantry system at Formnext this year 
– an 800mm diameter turbine rear frame made of 
nickel-alloy 718.
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Sharon Ann Holgate 
identifies the key 
advantages and 
developing applications 
of femtosecond lasers in 
the medical industry

The use of lasers in the medical industry 
for diagnostics and procedures such as 
eye surgery, tattoo removal and treating 
varicose veins is well known. In these 
applications, it is often the laser itself that is 
the workhorse, however, this is far from being 
the whole story when it comes to the medical 
implementation of laser technology.
In recent years, lasers have increasingly been 
used in medical device manufacturing, for 
example to machine components – often 
on the micro-scale – or to mark them with 
tracking data to ensure they comply with the 
latest regulations. 

In particular, it is ultrafast lasers – those 
emitting pulses in the order of picoseconds 
(10-12s) and femtoseconds (10-15s) in duration 
– that are becoming the lasers of choice for 
such micromachining and marking tasks. In 
this article we will focus on the applications 
of femtosecond lasers, due to them seeing 
particularly healthy, increasing adoption in 
this sector.

Stent manufacturing
Neuro and cardiovascular stents are an 
excellent example of medical devices 
now routinely manufactured using 
femtosecond lasers.

Such was shared by Dr Husain Imam, 
Director of Strategic Marketing for Ultrafast 
at international fibre laser manufacturer, NKT 
Photonics. He explained that femtosecond 

lasers enable the precise machining of burr-
free, micron-level structures on the stents, 
which is extremely important for preventing 
adverse effects when inserting them into 
the body. He added that some stents are 
made from nitinol, a nickel-titanium alloy 
that does not readily lend itself to being 
processed with mechanical techniques, 
hence why femtosecond lasers have proven 
so effective here.

Stents and other medical devices can 
also be made from biodegradable polymers, 
which also require precision machining. 
According to Imam, although such materials 
have typically been processed using 

nanosecond UV lasers and excimer lasers, 
manufacturers “are now moving to shorter-
pulsed femtosecond processes”.  

One of the main advantages of using 
femtosecond pulses, as opposed to 
nanosecond (10-9s) or even picosecond 
pulses, is the beam is in contact with the 
workpiece for the shortest possible time. 
This minimises the heat-affected zone 
on the workpiece and thereby reduces 
any detrimental effects caused by excess 
heating. For certain medical devices – 
including stents – this is absolutely critical for 
maintaining the biocompatibility of materials 
destined for implanting.

Dr Dariusz Świerad, Sales and 
Marketing Director of Polish ultrafast 
laser manufacturer, Fluence Technology, 

explained that stent manufacturing is one 
of the primary target markets for the firm’s 
Jasper X0 range of 1,030nm high-power 
femtosecond lasers. These lasers deliver 
pulse energies of up to 100µJ and average 
power up to 60W, depending on the model, 
and via harmonic generation modules can 
operate at three additional wavelengths: 
515nm (green), 343nm (UV) and 258nm (UV).

“In the case of vascular stents, if you 
use a continuous-wave laser or a pulsed 
nanosecond/picosecond laser, rather than 
a femtosecond laser, then the biopolymer 
material can become biotoxic as it heats 
up and changes chemical composition,” 
says Świerad. “So if you want to limit these 
thermal effects, one of the ways is to use a 
femtosecond laser. This provides athermal 
micromachining capabilities in which minimal 
heat will be transferred to the material.”

“Secondly, femtosecond lasers are 
attractive because you can create very 
precise features,” he continues. “As you 
can imagine, stents are tiny, being around 
2.5 - 4mm in diameter and 8 - 48mm in 
length. There are manufacturers of stents 
who use nanosecond or picosecond lasers. 
While those are cheaper than femtosecond 
lasers, if you want top quality with very good 
details and edges, and you don’t want to 
risk biopolymers becoming toxic or metals 
experiencing oxidation, then you need a 
femtosecond laser.”

In terms of looking at the stent 
manufacturing process as a whole, another 
advantage of femtosecond lasers is that 
“post processing after cutting the stent is 
minimised,” adds Aivaras Urniežius, Key 
Account Manager for Light Conversion, a 
Lithanian femtosecond laser manufacturer. 
He explained that using pulse durations 
exceeding the femtosecond range can 
cause structural damage when processing 
stents made from nitinol, stainless-steel 
and magnesium materials. “This structural 
debris then has to be removed in some way, 
either by cleaning it or using acid,” he says. 
“Whereas if you use a femtosecond laser, 

GROWTH AREAS 
FOR FEMTOSECOND 
LASERS IN 
MEDICAL DEVICE 
MANUFACTURING
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Fluence’s femtosecond lasers can be used to 
cut commonly used medical materials, such 
as bioresorbable polymer (polylactide) with 
negligible kerf (<1um) and no taper, ensuring 
their biocompatibility. 

“Laser processing 
lab-on-chips will 
become increasingly 
important”
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you cut the stent, put it in an ultrasonic bath 
and can almost immediately put it in the 
human body.”

Femtosecond lasers therefore remove 
a lot of processing steps and thereby save 
production time, Urniežius continues: “While 
a femtosecond laser is up to five-times more 
expensive compared to nanosecond lasers, 
the steps you save in production are worth 
the additional cost.” 

Fluid delivery devices
Femtosecond lasers are also an ideal choice 
for fabricating medical devices that deliver 
fluids very precisely, such as annulae, 
catheters and needles. As explained prior, 
when these devices are made from metals, 
the femtosecond pulses prevent re-melting 
of the surface and consequent changes in 
structure. In the case of polymers, it avoids 
issues with potential toxicity as well as 
structural damage.

“A lot of challenges are coming from 
plastic materials,” remarks Urniežius. “So 
you can have specific tubes where you need 
to create slots or holes for drug delivery. 
They have to be of highly controllable and 
repeatable dimensions if you want to create 
a specific flow of gas or drugs through these 
tubes. So you drill a tiny hole and if you have 
specific pressure, the flow from one tube to 
another will be highly controllable.” 

For example, glass biopsy probes, with 

diameters from 12µm to over 20µm, require 
the drilling of ports – holes with sharp edges 
through the sidewall near the probe’s tip 
– ranging from 5µm to over 10µm in size. 
Light Conversion has two femtosecond 
lasers, Pharos and Carbide, suited to such 
an application. Pharos offers 100fs - 20ps 
tunable pulse duration, 4mJ maximum 
pulse energy and 20W maximum average 
power, while Carbide offers 190fs - 20ps 
tunable pulse duration, 2mJ maximum pulse 
energy and 80W maximum average power. 
Both lasers can be used across a range of 
different materials and devices due to their 
ability to offer wavelengths of 1,030nm, 
515nm, 343nm and 257nm via harmonic 
generation modules.  

 
Collaborating with customers
For Light Conversion, supplying lasers for 
medical component manufacturing makes 
up “a significant amount” of its revenue, 
according to Urniežius, who explained that 
new ideas for this sector are constantly 
coming from interactions with customers. 

“When you have a company that is 
manufacturing something specific, they don’t 
always think about a laser as a solution,” 
he says. “So you meet with their engineers, 
speak with people who are responsible for 
their R&D, show them pictures and listen to 
what kind of problems they have. Then you 
offer a laser as a possible solution.” g

“Femtosecond 
lasers remove a 
lot of processing 
steps and save 
production time”

Fluence has established a dedicated 
applications lab to work more closely 
with its customers – showcasing the 
capabilities of its lasers and developing 
bespoke processes. This allows the firm to 
demonstrate the manufacture of sample 
components, or carry out research on 
specific laser parameters in collaboration 
with industrial or academic partners. 
“If they’ve had an idea of how to solve a 
problem in a particular way and come to us 
and ask ‘can we manufacture this sample this 
way so we don’t have these effects?’ or ‘do 
you have this precision?’ then we can test 
this in our applications lab,” explains Świerad. 
“We also develop new micromachining 
processes. For example, if a company came 
to us and said they wanted to weld plastic for 
a medical device, or microdrill some holes for 
microfluidics, then we can develop a process 
to do that.”
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Stent manufacturing is one of the biggest applications of laser technology in medical device manufacturing.
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Every material is different in terms of what 
laser parameters are required to machine 
it, he continues: “You need to find the right 
pulse energy, wavelength, repetition rate 
and overlap of the pulses – the so-called 
pitch. Then you can also temporally shape 
the pulse, and use either a single pulse or 
burst mode.” This latter mode generates 
a burst of femtosecond pulses, where 
each pulse can have the optimal fluence 
to maximise the ablation efficiency and 
increase the process speed while improving 
quality. For any given material “it requires 
a lot of knowledge and experience to 
find the optimal set of parameters”, 
remarks Świerad.

NKT Photonics also works closely with its 
customers for applications development, 
says Imam: “We can develop custom 
processing techniques that are specific to 
the design and materials of their device. 
However, there are now demands for higher 
precision machining and better selectivity 
when processing different materials in the 
same medical device.”

To address these challenging demands, 
NKT also offers green (515nm) and UV 
(343nm) wavelengths between its Origami 
and AeroPulse femtosecond laser series via 
harmonic generation modules (in addition to 
standard infrared wavelengths). “Processing 
at shorter wavelengths increases the 
resolution of the processing and also further 
reduces any unwanted thermal effects,” 
Imam explains.
 
Expected growth area: marking 
for traceability
Currently, according to Urniežius, 
producing stents is the biggest medical 
device manufacturing application for 
laser technology. However, he added 
that the use of femtosecond lasers to 
microweld other types of medical devices, 

or to open and clean metal wire contacts 
on implantable devices, is also growing. 

Overall though, for Urniežius, it is the 
marking of medical components with unique 
identifying codes that will likely prove the 
biggest growth area for femtosecond lasers 
in the future. Such codes will be required 
to comply with existing and forthcoming 
regulations from several countries, so it will 
soon be mandatory during the manufacture 
of many medical devices. 

“Everything that’s going into the human 
body will need traceability,” confirms 
Urniežius. “If you have a pacemaker, for 
example, some of the components in the 
pacer, such as tiny micromechanics, might 
need to be marked in a specific way. So for a 
lot of these applications, only something as 
precise as a femtosecond laser can create 
such marks and not affect the functioning of 
the device or the component part.” 

In the case of stainless-steel surgical 
instruments, “femtosecond lasers are 
being slowly accepted as the only solution” 
for marking, continues Urniežius. This is 
because other types of laser would change 
the composition and the surface shape 
of the metal, leading to the potential for 
corrosion occurring at the mark site during 
sterilisation procedures.

Fluence’s Świerad added that 
femtosecond lasers’ ability in particular to 
both machine components and mark them 
with unique identifying codes will be what 
leads to their more widespread adoption in 
medical device manufacturing.

Expected growth area: Lab-on-chip 
manufacturing
In addition to devices used within health 
care settings, there are, of course, a whole 
host of medical monitoring devices used 
within homes. This is a growing market – with 
many of us striving to improve our health, 
and with the population getting older, we 
are increasingly turning towards technology 
to help us manage health conditions and 
fitness. NKT Photonics’ Imam thinks this 
general trend will lead to a growth in laser 
processing within the next five years. 

“There is a drive for more personalised 
health testing and monitoring,” he says. “We 
can already see today that there are sensors 
for continuous glucose monitoring, blood 
oxygen content, blood pressure [and so on]. 
These biosensors will become increasingly 
important, as health service providers will 
rely on continuous, real-time data for the 
patient’s wellbeing.”

Furthermore, there is significant 
development of ‘lab-on-chip’ sensors, which 
enable local testing and diagnosis at health 
care providers, or even at home – rather 
than sending blood samples to a centralised 
lab facility, which is both expensive and 

time-consuming. “These sensors require 
multi-modal functions on one miniature chip 
platform: microfluidics, chemical mixing and 
light guiding,” Imam continues. “As these 
different functions require different structures 
and different materials on the one chip, it is 
envisaged that laser processing of these 
chips will become increasingly important. 

“We can already see that medical 
companies prefer prototyping these 
complicated sensors with laser-based 
technologies,” adds Imam. “This is because 
prototyping using traditional mechanical 
techniques requires a minimum quantity of 
samples, and if a sensor requires several 
different techniques due to different 
functions on the chip, then a high number 
of samples will need to be purchased in the 
development phase. Laser-based processes 
have the capability of processing a multiple 
of materials by changing laser parameters or 
laser sources, making prototype turnaround 
faster and less expensive.” l

g
“Marking 
components with 
unique identifying 
codes will likely 
provide the biggest 
area of growth”

Drilling tiny holes in microfluidic medical devices 
is an application where femtosecond lasers have 
been shown to excel.  

Science writer and broadcaster Dr Sharon 
Ann Holgate studied defects in crystals at 
university. Her credits include writing for 
Science and New Scientist, presenting on 
BBC Radio 4 and the BBC World Service, 
authoring a popular science book on 
nuclear fusion and four undergraduate 
textbooks, and writing case studies 
and brochures for both the Institute of 
Physics and the Institute of Physics and 
Engineering in Medicine. A former Young 
Professional Physicist of the Year, in 
2022 Dr Holgate was awarded the William 
Thomson, Lord Kelvin Medal and Prize 
from the Institute of Physics for her work in 
communicating science. 
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Anita Chandran explores 
the latest challenges 
facing manufacturers 
and users of laser 
marking systems

Since the mid-1960s, lasers have been used 
for mark-making, etching and cutting. The 
first laser marker was developed in 1965 
with the aim of drilling holes in diamond 
manufacturing dies, and growth rapidly 
followed. The early introduction of CO2 
lasers for marking occurred in 1967, with 
the technology reaching maturity in the mid 
1970s through a commercial, modern CO2 
laser system.

Laser marking systems have since 
gone on to become work horses across a 
wide range of industries, from aerospace 
to medical device manufacturing, 
pharmaceuticals and retail. Despite 
competing with other technologies, such 
as inkjet printing, lasers have demonstrated 
themselves as a robust, low-cost and 
repeatable mark-making technology. The 
process is also, importantly, ecologically 
friendly, requiring no consumables such as 
ink, cartridges and paper.

Now, laser marking systems no longer 
solely rely on CO2 lasers, with other 
players such as fibre lasers and Nd:YAG 
solid-state sources providing routes to 
low-footprint, low-maintenance and highly 
efficient alternatives. The advancements in 
technological capabilities are also palpable. 
The fastest commercial laser markers can 
now process tens of thousands of parts 
per hour.

Though the developments in laser marking 
technology have been vast, manufacturers 
and users of laser marking systems are 
now looking for new routes to drive the 
development of marking technology 
forward, to combat new challenges and to 
improve processing outcomes.

Ceramic circuitry
Such challenges are arising from both new 
materials needing to be processed, as well 
as new applications needing to be served 
– each of which drives the need for growth 
and innovation, while shaping the market for 
laser systems development. 

Ceramic, for example, is one of the 
fastest-growing materials in the field of laser 
processing, being vital in semiconductor 
parts and the manufacture of circuit boards. 
The printed circuit board (PCB), commonly 
referred to as the ‘mother of electronic 
system products’, is a type of component 

used in almost every electronic product. 
Small changes in PCB development have a 
large influence on market trends. 

In recent years, there has been a shift in 
focus toward using ceramics in traditional 
printed circuit boards (PCBs), made from 
plastic epoxies such as FP4. In comparison 
to non-ceramic PCBs, ceramic circuit 
boards have excellent thermal handling, 
are easily implemented, and offer superior 
performance. However, many marking 
techniques, such as silk screen processing, 
are not well-suited for ceramics. Ink-based 
markings for ceramics are cumbersome, 
require several consumables and are not 
robust to wear and tear. The brittleness and 
hardness of ceramics also make them one of 
the more difficult materials to be marked.

Lasers have therefore risen as an 
alternative to ink-based printing techniques 
in recent years, with many laser firms 
having developed systems using sources 
particularly suited to ceramic marking – such 
as diode-pumped solid-state UV lasers, as 
well as traditional CO2 lasers.
“There is definitely a trend towards 
miniaturisation here,” says Andrew May, 
director of laser marking firm, ES Precision. 

However, he stresses that the introduction 
of new trends in marking does take time: 
“Is there a new application week by week? 
No. But 15 years ago we’d never marked 
miniature ceramics and now we are.”

Flexibility is key
However, despite being fast-growing, 
ceramic marking in electronics isn’t currently 
ES Precision’s largest market.

“The biggest industry for us is medical 
devices,” states May, “then automotive, 
electronics and general engineering 
components. The sort of products required 
vary heavily from industry to industry, and 
the parts of those industries concerned.”

The company, which has eight laser 
systems (five of which are galvo-driven) 
delivers marking services for a wide range 
of different application areas. Because of 
this, and because the company is always 
obtaining new clients with bespoke needs, 
May highlights that, for ES Precision, the 
ability to be flexible is vital. 

 INNOVATION AND 
TRENDS IN LASER 
MARKING
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“Another new 
and exciting 
area of growth in 
laser marking is 
data storage”

Permanent laser marks can be made on curved metal surfaces g
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g The lasers it uses are therefore suited to 
marking varying materials, shapes and sizes, 
as well as varying batch sizes. The range of 
marks it can provide is also as diverse as 
its client base, with its lasers being able to 
produce everything from codes to graphics 
and data matrices – all at high speed and 
with high reproducibility.

Catering for such flexibility is therefore 
a must for laser marking machine 
manufacturers such as Bluhm Systeme, 
which constantly keeps an ear to the market 
and develops its products accordingly, 
according to Antoinette Aufdermauer, an 
editor for the firm. 

Its marking systems include gas, fibre 
and solid-state lasers, including both CO2 
and YAG systems. The laser markers are all 
pulsed and operate at wavelengths ranging 
from 0.355µm to 10.6µm. Each laser has 
its specialty, with some overlap: the CO2 
lasers are useful for marking plastics, 
rubbers, papers and foils; the fibre lasers 
offer advantages when marking steel and 
certain plastics; and the YAG lasers are 
suited to marking metals and ceramics. 
“We test all of our customers’ materials 

extensively in our laser laboratory in 
advance,” says Aufdermauer.

Portability is also very important for 
ensuring flexibility, and is very desirable 
for industrial customers, according to 
Aufdermauer. As a result, Bluhm Systeme’s 
newest product, ‘Lightworx’, features a 20W 
fibre laser in a compact workstation that can 
be easily moved in and out of production 
environments. The system is capable of 
making ‘permanent, pin-sharp and forgery-
proof’ marks on both metals and plastics. 

Rising to the challenges of traceability
Another important trend taking place in 
the field of laser marking is facilitating 
traceability – the individual identification of 
products via unique identifying marks on 
their surface. Such marks can take many 
forms, however of increasing popularity and 
importance is the use of data matrices such 
as QR codes.

By marking individual products with 
their own unique data matrix code, it is 
possible to easily identify key details such 
as their manufacturer, batch number and 
lifespan in a non-invasive way. This provides 
quality assurance: consumers and users 
can be sure of exactly where a product 
comes from. This type of quality assurance 
creates a direct link between consumer 
and manufacturer, and gives products 
added value, allowing them to compete with 
cheaper manufacturing industries.

Due to their incredible precision, lasers are 
well-suited to writing detailed codes down 
to 200μm in size – small enough that they 
can’t be seen by someone in passing, but 

can be easily checked using a smartphone 
if a person knows their location. At such 
sizes, data matrices can be used for anti-
counterfeiting purposes, making it easy to 
check the authenticity of a high-quality good 
in a non-invasive way. This has huge impacts 
on pharmaceuticals, as a way of ensuring 
that medicines such as pills are not made 
and distributed fraudulently.

Component traceability also plays an 
important role in litigation. For example, if 
someone has a medical transplant, and that 
transplant fails, traceability gives them the 
power to know exactly what went wrong, 

where, and in which batch. This, of course, 
makes aspects such as product recall more 
efficient, but also gives more autonomy 
to customers. It may not be obvious, but 
as society becomes more interested in 
litigation, technology capable of facilitating it 
must also adapt to keep up.

Traceability also facilitates another trend 
seen across the manufacturing community: 
increasing environmental sustainability and 
reducing ecological impact. By being able 
to trace a product, learning when it fails, 
or knowing when it reaches the end of its 
lifetime, manufacturers are better able to be 
proactive about replacement and recycling. 
This also means products can return for 
refurbishment in a scheduled fashion, and so 
fewer devices may end up in landfill.

However, there are numerous challenges 
that face current marking systems for 
data matrix marking. Certain materials 
pose difficulties, in particular glasses and 
polymers, as well as thin metals and foils. 
Marks also must be permanent and stable, 
and systems have to be able to adapt to a 
wide range of product sizes. 

For certain laser markers, one challenge 
in particular is the marking of non-flat 
surfaces, an area where inkjet printers still 
routinely outnumber laser-based systems. 
Consequently, system engineers are working 
hard to overcome such challenges. Laser 
marking system manufacturer Laserax, for 
example, offers CO2 and fibre lasers – with 
20-500W average powers and varying 
cycle times – equipped with auto-adjusting 
focusing optics for 3D surfaces that adjust 
for object curvature. To account for surfaces 
of unknown geometry, Laserax’s systems 
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“Standard marking 
solutions are not 
able to deliver 
one specific mark 
per product”

QiOVA’s unique structured beam technology in 
action, showing a laser beam (left) being turned 
into a pattern (right) composed of individual 
beamlets, which can then be used to ‘stamp’ a 
data matrix onto a material in an instant

Micromarking on a gold dubloon for anti-counterfeiting purposes, made using QiOVA’s  
structured light beam technology
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use an autofocus vision system to first scan 
a 3D surface, then adjust the laser’s focus 
during marking.

However, non-flat surfaces are not the 
only challenge facing manufacturers of 
laser marking systems. “There are many 
situations where the standard marking 
solutions globally – inkjet, standard lasers 
and such – are not able to cope with the 
needs required to deliver one specific mark 
per product,” explains Dr Florent Thibaut, 
CEO of laser marking solution manufacturer 
QiOVA. “At the moment, typically you 
use a laser like you would use a pen: in a 

sequential approach. This is not fast enough 
– we need to find a solution that combines 
throughput and precision.”

Sequential marking suffers because 
the laser mark has to change per product, 
so having a marking technology that is 
adaptable on a shot-by-shot basis is vital. 
Manufacturers require extremely high 
throughput – the mark must be adapted, and 
the rate of marking must be high – and this is 
without even considering the difficulties of 
machining certain materials, such as glass 
or polymers.

To address this, QiOVA has patented 
its VULQ1 technology – which won the 
Innovation Award for laser systems in 
industrial production engineering at the 
Laser World of Photonics this year – that 
does not use one beam in a sequential 
approach (as is the case for traditional 
marking systems). Instead, it uses hundreds 
of beams to create a stamp-like effect – 
producing a whole data matrix code in an 
instant. The method used to generate this 
unique stamp is dynamic beam shaping, 
achieved using components such as spatial 
light modulators (SLMs). The SLMs are able 
to adjust on a shot-by-shot basis to create a 
beam with a unique structure.

While other laser marking technologies 
might prioritise high repetition rate to 
achieve high-throughput, QiOVA instead 

uses higher pulse energies and parallel 
processing to great effect. “Stamp marking 
unleashes dramatic productivity potential 
for 2D barcode marking, combined with 
straightforward implementation,” remarked 
Thibaut. For example, its technology can 
be used to mark PVC medical parts with 
570μm-wide data matrix codes at a rate 
of 77,000 parts per hour. Other materials 
the system can mark include: aluminium 
coated with HDPE polymer; soda-lime glass; 
borosilicate glass; pure gold; and epoxy 
moulding compound. “The pattern size 
can be down to 100μm while conserving 
perfect readability, even when marking 
in-line, because all the dots are marked 
simultaneously,” Thibault added. What’s 
more, by not having to rely on high repetition 
rates, QiOVA can build its systems using 
off-the-shelf infrared and green Nd:YAG 
lasers – with repetition rates at around 20-
30Hz – ensuring its systems can remain as 
cost-effective as possible.

Streamlining storage
Another new and exciting area of growth 
in laser marking is data storage, with 
researchers claiming they can produce 
highly efficient data storage systems 
by using ultrafast lasers to encode data 
into glass/crystal media. Data is stored 
in the form of micro ablations within the 
glass/crystal, which once produced has a 
staggeringly long lifetime – in the order of 
the age of the universe.

Hitachi announced its first quartz 
crystal data storage system in 2013, while 
in 2014 researchers at the University of 
Southampton’s Optoelectronics Research 
Centre (ORC) announced their development 
of a femtosecond laser etched glass 
system. The ORC has since gone on to work 
with Microsoft Research on ‘Project Silica’, 
which promises zettabyte-level storage 
systems and a fundamental re-thinking of 
how large-scale storage systems are built. 

However, writing on glass is not trivial, with 
standard pulsed UV or CO2 laser systems 
producing microcracks – excessive heating 
at the material surface leading to damage 
at thermal hotspots. While this can be 
circumvented via reduced pulse energies, 
this isn’t ideal when high levels of precision 
are required. This is why researchers are 
turning to ultrafast (femtosecond) laser 
systems to minimise the risk of thermal 
damage. The ultrashort duration of the high-
energy pulses ensures just enough energy 
is delivered to the material to mark it with 
extreme precision, producing only a minimal 
heat-affected zone that avoids the creation 
of microcracks.

Currently, however, the limitation of this 
technique is the rate at which data can be 
written being extremely low, with the writing 

of terabytes of data potentially taking 
years to complete. Thankfully, ongoing 
breakthroughs are suggesting ways of 
improving the speed of data writing. Last 
year, the ORC researchers published in 
Optica an energy-efficient laser writing 
method that is not only fast, but can also 
store around 500 terabytes of data on CD-
sized silica discs, which would make them 
10,000 times denser than Blu-Ray optical 
disc storage technology (see page 37).

The researchers’ new method involves 
using a 515nm fibre laser with a repetition 
rate of 10MHz and a pulse duration of 
250fs to create tiny pits containing a 
single nanolamella-like structure in silica 
glass, measuring just 500 by 50nm. These 
high-density nanostructures can then be 
used for long-term optical data storage. 
The researchers achieved writing speeds 
of 1,000,000 voxels per second, which is 
equivalent to recording about 225 kilobytes 
of data (over 100 pages of text) per second. 

The new method was used to write five 
gigabytes of text data onto a silica glass 
disc about the size of a conventional 
compact disc, with nearly 100 per cent 
readout accuracy. Each voxel contained four 
bits of information, and every two voxels 
corresponded to a text character. With the 
writing density available from the method, 
the disc would be able to hold 500 terabytes 
of data. The researchers say that with 
upgrades to the system that enable parallel 
writing, it should be feasible to write this 
amount of data in approximately 60 days. l

Dr Anita Chandran is a writer based in 
Hamburg, Germany. She has a PhD in 
ultrafast fibre lasers and has worked 
in historical fiction, science pedagogy 
and AI ethics. She is also the fiction 
editor of Tamarind, a literary magazine 
looking at the intersections of the arts 
and sciences (Twitter: @tamarindlitmag). 
She has been awarded Imperial College’s 
Sir Arthur Acland Prize for excellence in 
the humanities and was named overall 
winner of the Royal College of Science’s 
2019 writing challenge for her short story 
(Nothing but) Art.

Ultrafast lasers can be used to encode data 
within silica glass, with a lifetime spanning eons

O
RC

g

WINTER 2022  LASER SYSTEMS EUROPE    23WWW.LASERSYSTEMSEUROPE.COM  |  @LASERSYSTEMSMAG

FEATURE: MARKING



Researchers are investigating the potential of laser 
peening for the manipulation of titanium alloy 
sheets in the aerospace sector

Titanium alloys are used in aerospace 
manufacturing due to their light weight and 
high strength, but those very attributes 
create problems when trying to work the 
metal – problems that researchers at 
the Institute of Materials Mechanics at 
Helmholtz-Zentrum Hereon, Germany, have 
spent two years trying to overcome using 
laser peen forming.

Their work was published in the Journal of 
Materials Processing Technology in July, and 
continues with partners Formtech GmbH, 
Zentrum für Angewandte Luftfahrtforschung 
(ZAL) GmbH and the Institute of Product  
and Process Innovation at Leuphana 
University Lüneburg.

Laser peen forming could be 
advantageous to the forming of certain 
aircraft components that must be shaped 
into a curve, such as the front of wings, parts 
of the tail and structures of the fuselage. 

“These parts are usually made from the 
lightweight, high-strength alloy Ti-6Al-
4V in many aircrafts currently in service,” 
said Siva Teja Sala, a PhD student in the 
Department of Laser Material Processing 
and Structural Assessment at the Institute 
of Materials Mechanics. “The challenge 
with this alloy, however, is that it isn’t very 
easy to work with. If you try to form it, for 
example, with traditional hot stamping or 
incremental sheet forming processes, you 
experience significant ‘springback’ – a 
geometrical change observed in a formed 

component when it’s released from the 
loads and constraints of the applied forming 
process. Engineers therefore have to design 
tools that account for this springback and 
accommodate the tolerances involved, 
which is incredibly challenging to do.” 

Industries often experience problems 
when traditionally forming titanium alloy 
sheets due to material springback. This is 
particularly troublesome in the aerospace 
industry, where parts often have to be 
scrapped due to the very strict tolerance 
requirements involved.

“This isn’t ideal at all for large-
scale production, and so aerospace 
manufacturers are currently looking 
for a flexible, cost-effective correction 
process that allows these tolerances to be 
controlled,” said Sala. “Laser peen forming 
is perfect for serving this kind of application. 
It’s very flexible – only limited fixtures or 
clamping systems are required (no huge 
machinery) – and all that is needed is a 
pulsed laser and a robot that can handle 
the part. It’s highly automatable and the 
energy requirement is quite low compared to 
traditional forming processes.”

Sala and his colleagues therefore began 
investigating laser peen forming within the 
framework of project ‘PEENCOR’, which 
aims to correct inevitable deviations – with 
springback being just one example – that 
occur during the production of curved 
titanium aircraft parts. The project seeks 

to develop an automated laser peen 
forming process to measure these complex 
deviations and correct them according to 
specified tolerances, which reduces scrap 
and part rejection and enhances overall 
productivity. Helmholtz Zentrum Hereon 
itself is responsible for the sub-project, 
which includes the “development of optimal 
process parameters and identification 
of an artificial intelligence algorithm for 
autonomous forming and straightening with 
laser peen forming”.  

Another reason for needing to conduct 
this work, according to Sala, was that most 
of the pre-existing publications previously 
exploring laser peen forming had done so in 
the context of processing aluminium alloys, 
which are far simpler to form compared 
with titanium. “So, with there only being a 
few publications out there actually studying 
the laser peen forming of titanium alloys, 
we wanted to conduct a comprehensive 
qualitative assessment of the process 
parameters and their influence on bending 
on this interesting and challenging 
material,” he said. 

Controlled, miniature explosions
The researchers’ experiments involved 
using a pulsed laser to irradiate the surface 
of a sample titanium alloy part – which 
itself is covered with a protective steel 

 PREPPING FOR TAKE-OFF:
LASER PEEN FORMING

Bending in the peened region of an LPF-treated, 1mm thick Ti-6Al-4V specimen without a protective overlay. 
Oxide layer formation in the peened region was observed due to surface ablation during the process.

Bending in the peened region of an LPF-treated, 
2mm thick Ti-6Al4V specimen using stainless 
steel as a protective overlay.
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foil – to create a plasma that causes a 
miniature explosion at the surface.

“We confine this explosion using a 
laminated flow of water over the surface of 
the materials, which causes a pressure wave 
that penetrates down into the material,” 
explained Sala. “The pressure wave is so 
intense that it can literally bend the material. 
Therefore, by adjusting the parameters of 
the laser, we can control how much bending 
occurs in the titanium alloy sheet.”

Without the water, the efficiency of the 
process would be reduced by about 50%, 
as half of the energy would then be directed 
away from the titanium alloy surface. Water 
would therefore still be required should this 
technique be scaled up to industrial levels.

The laser system used was a bespoke-
designed Nd:YAG 1,064nm laser from 
Quantel, capable of producing 5J pulses at a 
frequency of 10Hz with a 10-20ns duration, 
a homogenised beam profile and a 1 x 1mm2 
cross section. 

“This corresponds to an intensity of up 
to 25GW/cm2,” said Sala. “However, we’re 
planning to add even more power into this 
system – using 10J pulses rather than 5J – 
because for titanium what we are currently 
using is still suboptimal. From this work, we 
identified that the laser power density is one 
of the most important factors that influence 
the bending of the sheet. And so the more 
we’re able to control this parameter, the 
more we can control the deformation taking 
place. If we wanted, for example, only half 
a millimetre of deformation, with the right 
power density we can make this happen, and 
with more accuracy than traditional forming.”

Asked whether this technique could face 
similar throughput issues faced by ultrafast 
laser texturing applications – which have 
recently seen increasing average powers 
and complex multi-beam delivery systems 
to achieve faster, parallel processing – Sala 

explained that it “currently takes about a 
minute to treat a 20 x 20mm square, so 
doing a square metre would certainly take 
a considerable amount of time. There is 
potential to use multiple lasers, or lasers 
directed by scanning technology, but we 
would need to do further experimentation 
here, as this would influence how the pulses 
interact with the surface compared to the 
set-up we are currently using.”

Industrial application
The particular challenge in conducting this 
work for the aerospace industry, according 
to Sala, are the stringent requirements – 
which dictate that absolutely no surface 
defects can be present on any parts.

“We can’t afford to have any cracks on the 
surface, so it’s extremely important – and 
also quite challenging – to achieve critical 
process control,” said Sala. “This is why we 
require the protective steel foil, as with it 
we can achieve a very nice surface finish, 
indistinguishable from the untreated regions 
of the titanium-alloy surface. Without it, we 
observed a 1.5-micron oxidised surface 
being formed over the treated region, 
containing undesirable microcracks that 
increase risk of part failure under fatigue 
loading. In addition, the residual stresses left 
in the material following peening penetrate 
relatively deeper along the thickness of the 
material when the protective foil is used, 
unlike those left when it isn’t, meaning they 
will perform better compared to the sheets 
that are treated without a protective layer.”

While laser peening is still in its early 
stages in terms of being applied on an 
industrial scale, the application has been 
catching the eye of numerous industrial 
parties, including those in the maritime and 
aerospace sectors.

Sala remarked that one of the commercial 
firms making decent headway in these 

Research funded by:

areas is LSP Technologies, which has been 
experimenting with different applications, 
such as correcting deformations on gear 
shafts, extending the life of jet engine 
blades, and even treating aluminium plates 
on naval combat ships. The firm has done 
work with companies such as Airbus, with 
which it developed a portable laser peening 
system to carry out maintenance on the 
more hard-to-reach areas of an aircraft.

“While big industry players such as 
Airbus and Lufthansa Technik are now 
experimenting with this technology, until they 
achieve consistent, reliable results that can 
be certified via the proper authorities, they’ll 
likely want to keep it all under wraps, and so 
we can’t expect to be hearing the results of 
their trials any time soon,” he added.

However, while laser peen forming shows 
great promise for industry, the process 
does pose certain challenges concerning 
its applicability, as it needs to be tailored 
for each use case. “Therefore, traditional 
process optimisation strategies should 
be replaced with state-of-the-art artificial 
intelligence or machine learning methods for 
maximum automation,” said Sala. “This work 
we are doing has enough quantitative data 
to develop process planning algorithms that 
can significantly improve the automatability 
of laser peening, which is why we are 
working on this at the moment within the 
scope of the PEENCOR project.’’ 

Overall, Sala believes that while laser 
peening won’t be able to completely replace 
traditional forming techniques – especially 
as so many companies have already 
invested tens of millions into traditional 
forming equipment – it shows great 
promise for being applied as an incredibly 
precise correction process. “The technique 
really does have huge economic industry 
potential,” he said. l
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“Laser peen forming 
is very flexible – all 
that is needed is a 
laser and a robot 
that can handle 
the part”

An experimental set-up for laser peen forming. Water is used to confine the miniature explosions 
generated at the material surface, increasing the overall process efficiency.
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Lino Costa, Brian Canfield, and Trevor Moeller 
describe how ultrafast laser micromachining 
enables the creation of next-generation 
thrusters for nanosatellites

Nanosatellites (nanosats) are 
flying high as space platforms. 
With masses between 1 and 10kg 
and sizes as small as ‘1U’ (10 x 10 
x 10cm, see Figure 1), nanosats 
are increasingly capable of 
performing many of the functions 
carried out by conventional 
satellites, are cheaper and have 
shorter development cycles. 
Maturation of this technology 
accelerated significantly over the 
past decade in many applications, 
including Earth remote sensing, 
telecommunications, astronomy 
and national security. Nanosats 
also make it practical to establish 
distributed satellite systems 
composed of hundreds of 
spacecraft flying together as 
swarms or constellations. 

To realise their full potential, 
nanosats need propulsion – be 
it for orbit-keeping or collision 
avoidance, or to perform 
precise manoeuvres such as 
rendezvous, attitude control and 
orbit-changing. Propulsion is 

therefore key to both extending 
the life of and enabling new 
types of missions. Propulsion 
is also needed to assist the 
de-orbit of dated nanosats and 
reduce the hazards associated 
with space debris. Of the 2,068 
nanosats launched as of 1 August 
2022, only 6% have propulsion 
modules[1]. This is mainly due to 
the very limited mass, volume and 
power available aboard nanosats, 
making it challenging to add 
propulsion capabilities.

µSTAMPS electrospray 
thrusters
Micro Scalable Thrusters for 
Adaptive Mission Profiles in 
Space, or µSTAMPS, is the 
University of Tennessee Research 
Foundation’s patent-pending 
electric micro-propulsion 
technology developed at the 
university’s Space Institute[2]. 
µSTAMPS thrusters use 
electrostatic forces to eject and 
atomise an electrically conductive 

diameter central lobe (0th-order 
maximum) that extends ~500µm 
axially, long enough to machine 
through the entire chip without 
axial movement.

Properties and applications of 
Bessel beams
A typical ultrafast (femtosecond/
picosecond) Gaussian laser 
pulse, when tightly focused by 
a lens with a high numerical 
aperture, such as a microscope 
objective, forms a compact focal 
volume ~1µm3 (depending on 
wavelength). If focused inside 
a transparent material, such as 
glass, such pulses can easily 
modify matter in and around the 

Fabricating micro scalable 
thrusters for nanosat propulsion

liquid propellant into an aerosol 
of electrically charged fine 
droplets, or sometimes ions. The 
preferred propellants are ionic 
liquids, and it is this process of 
ejecting the propellant, dubbed 
electrospraying, that generates 
thrust. A notional description of 
a single µSTAMPS electrospray 
emitter is shown in Figure 2. 
The emitter capillary wicks 
the propellant and an electric 
field – generated by applying a 
voltage difference between the 
propellant and the extraction 
grid – forms the Taylor cone that 
electrosprays. To attain useful 
levels of thrust, in the order of 
at least a few micronewtons, 
arrays of thousands of these 
emitters are fabricated on a single 
thruster chip. The chip is made of 
a dielectric material (borosilicate 
glass) and the extraction grid is 
an electrically conductive coating 
covering the downstream surface 
of the chip. 

To operate µSTAMPS thrusters 
at voltages below 1kV, we need 
1µm-wide emitter capillaries 
that are 170µm long. In our 
lab, we form these vias using 
Bessel-beam ultrafast laser 
micromachining. A 1,030nm 
infrared Gaussian laser beam 
(6ps, 55µJ), produced by a 20W 
Amplitude Systèmes Tangerine 
laser, is transformed into a 
Bessel beam with an axicon 
and three pulses (at 100kHz 
repetition rate) per capillary, 
which are focused with a 
combination of spherical and 
aspherical lenses[3]. The focused 
Bessel beam has an ~0.8µm 

“Of the 2,068 
nanosats 
launched, 
only 6% have 
propulsion 
modules”

Figure 1: A PhoneSat 2.5 Cubesat measuring 1U in size

Figure 2: A single µSTAMPS 
electrospray emitter
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focal volume with low aspect 
ratios of ~2:1. While particularly 
versatile for precise, ultrafast 
laser micromachining projects, 
the limited size of the focal 
volume makes machining larger-
scale volumes, such as long, 
high-aspect-ratio channels and 
waveguides, a challenging and 
time-consuming process.

Another means of modifying 
a high-aspect-ratio volume with 

just a single pulse, or a few pulses, 
is a Bessel beam. A Bessel beam 
can be created by transforming a 
Gaussian field profile into a radial 
field profile. This transformation 
effectively produces a non-
diffracting beam that, if tightly 
focused, results in a long and 
narrow – essentially columnar 

– focal volume, which can have 
an aspect ratio exceeding 500:1 
(considering only the most 
intense, central lobe of a zeroth-
order Bessel beam).

Bessel beams have found 
numerous applications, such 
as machining microns-wide 
channels up to 4mm long in 
glasses[4,5], the dicing of glass[6], 
and optical tweezers[7]. Several 
methods for creating Bessel 
beams have been developed. 
Perhaps the most widely known 
method is to pass a Gaussian 
pulse through a conic lens, called 
an axicon. Other methods include 
passing the beam through 
an annular slit. More recently, 
phase holograms programmed 
on a spatial light modulator 
offer numerous advantages in 
the tunability of Bessel beam 
characteristics, such as enabling 
higher orders or adding optical 
angular momentum[8].

Our Bessel beam is created 
by passing a Gaussian beam 
through a physical axicon. The 
basic optical layout is designed 
and optimised using Zemax[9] ray-
tracing software. A sample layout 
is depicted in Figure 3, where the 

Gaussian laser beam travels from 
left to right, first passing through 
the axicon, which reshapes the 
Gaussian intensity distribution 
into an approximate Bessel 
function profile. This Bessel beam 
is subsequently collimated with a 
spherical lens and then focused 
into a transparent sample by an 
aspheric lens with high numerical 
aperture. An asphere was chosen 
for the focusing lens because it 
provides a relatively large working 
distance (~1.8mm) compared 
to a microscope objective 
(~0.1mm) with a similar numerical 
aperture, which is beneficial 
for reducing contamination of 
the lens by ablated material. An 
assembled Bessel optics set is 
shown in Figure 4, configured to 
attach to the objective turret of 
a microscope used for ultrafast 
laser micromachining.

µSTAMPS address new 
FCC requirements 
In September 2022, the Federal 
Communications Commission 
(FCC) of the United States federal 
government, adopted a new rule 
for disposing satellites to help 
reduce orbital debris. This rule 
requires the satellite to de-orbit 
in less than five years following 
the completion of the satellite’s 
mission. On its own, a 3U, 7.5kg 
nanosat at an orbit altitude above 
450km will not decay naturally 
in less than five years. Figure 5 
shows the de-orbit times for a 3U, 
7.5kg satellite at varying altitudes 
using a propulsion system of 
four µSTAMPS with a dry mass 
of 0.11kg and a volume of 0.5U. 
Figure 5 shows that µSTAMPS are 
more than capable of de-orbiting 

“Our micro 
scalable 
thrusters can 
de-orbit a 
nanosat in less 
than one year”
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Professor at the University of 
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Figure 3: Basic layout of optics used to form and focus a Bessel beam
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Figure 4: A Bessel optics configured for ultrafast laser micromachining

Figure 5: De-orbit times for a 3U, 7.5kg satellite at varying altitudes using 
a µSTAMPS propulsion system, attained through simulations using A.I. 
Solutions’ FreeFlyer software

a nanosat in less than one year, 
while having minimal impact 
on the nanosat’s mass, volume 
and payload. l
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Marcel Bachman describes 
the behaviour and influence of 
weld pool shape when joining 
thick materials

Laser beam welding is a widely 
used joining technique in many 
industrial applications. This is 
mainly due to its many unique 
advantages, especially compared 
to conventional arc welding 
processes. These advantages 
include, among others, highly 
concentrated energy deposition, 
low total heat input and a capacity 
to penetrate deep into the 
material while causing only small 
welding distortions. 

However, at the same time, the 
small dimension of the laser spot, 
high solidification rates and small 
dimensions of the weld pool itself 
can provoke issues regarding 
the assembly tolerances of the 
workpiece, the hot-cracking 
phenomena, as well as keyhole-
induced bubbles escaping from 
the melt. 

Weld pool shapes in laser 
beam welding are elongated 
at the external, free surfaces 
under the action of the main 
driving forces in the melt – such 
as recoil pressure and surface 
tension forces – while being 
shorter in the internal areas of 
the weld pool. This leads to a 
regular solidification sequence 
from the internal zones toward 
the free surfaces, for example, 
from the bottom to the top in 
partial penetration welding. 
However, in recent studies 
reported in the literature [1, 3] 
and seen in the experimental 
and numerical investigations 
of BAM Bundesanstalt für 
Materialforschung und -prüfung 
in Berlin [3, 4], it was found 
that an internal narrowing 

phenomenon can occur that is 
often accompanied by a distinct 
bulging of the weld bead in 
deeper zones, see Figure 1.

As the internal behaviour of 
the melt during the process 
is hardly optically accessible, 
several numerical models and 
experimental techniques were 
established to visualise the 
mechanisms of the formation of 
the bulging and the narrowing 

is dominated by tangential 
Marangoni forces, which lead to 
elongation because of the high 
temperature gradient between 
the hotter keyhole region and the 
relatively cold area at the weld 
pool rear. Thereby, a clockwise 
vortex is formed right behind 
the keyhole. In contrast, in the 
weld pool bottom area, the 
melt flow is dominated by the 
evaporation process due to the 
strong local absorption of the 
laser energy. The laser energy 
experiences multiple reflection 
events, every time transferring a 
part of the ray energy to the melt, 
which ends in a discontinuous 
distribution of the evaporation-
induced recoil pressure and an 
unstable keyhole characteristic. 
The main vortex direction 
there is counterclockwise. 
In combination with the flow 
direction in the upper weld pool 
area, a narrowing zone forms at 
around half-depth of the weld 
pool. In this necking area, the 
mushy zone becomes untypically 
thick as the temperature 

Investigating defects caused by narrow 
pool shapes in deep penetration welding

“The narrow 
region in the 
weld pool has 
a detrimental 
effect on the 
remaining 
porosity in the 
final weld”

phenomenon and to reveal 
the consequences on the 
solidification sequence, pore 
formation and filler metal dilution.

Results
The untypical weld pool shape we 
describe can be seen in Figure 
1b and 1c, where 10mm-thick 
AISI 304 was welded using a 
1.1mm-thick NiCr20Mo15 filler 
wire. The upper weld pool region 

Figure 1: (a) Experimental and numerical cross-sections of wire feed LBW 
of 10mm-thick AISI 304 with a 1.1mm-thick filler wire NiCr20Mo15. Laser 
power 6.5kW, welding speed 1.3m/min, wire feeding speed: 2.1m/min. (b) 
Longitudinal cross-section taken from a set-up of steel and quartz glass for 
optical inspection of the weld from the side. (c) Weld cross section and flow 
routes during welding of AISI 304 with filler wire. Figure rearranged from [6]. 
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gradient is comparably low 
there. This behaviour was 
observed especially for higher 
weld specimen thicknesses 
above 6mm.

This narrowing phenomenon in 
the middle area of the weld bead 
leads to a solidification sequence 
that differs from the standard 
solidification direction in partial 
penetration welding from the 
bottom to the top, and from the 
sides to the centre of the weld, 
see Figure 2a. There, induced 
by the narrow weld zone in the 
weld pool centre, solidification 
occurs first in the middle of the 
weld pool, leaving liquid regions 
on the top and bottom. The 
remaining melt in the bottom 
cannot balance the tensile strain 
arising during solidification, which 
increases the local susceptibility 
to hot-cracking significantly. 
Note here the corresponding 
positions of the remaining liquid 
in the solidification sequence 
in Figure 2a and the bulge 
in Figure 1b and 1c. Similar 
behaviour was observed in 
studies for different austenitic 
stainless steel grades and 

unalloyed construction materials, 
as well as for different plate 
thicknesses, full and partial 
penetration cases, and also for 
welding with different fibre and 
disk laser systems [5].

Another consequence of the 
narrowing of the weld pool is 
a direct blocking effect on the 
flow field. The numerical results 
indicate that the vertical flow 
velocities, which are essential for 
the homogeneous mixing of the 
melt, are significantly reduced. 
In consequence, the liquid filler 
metal is brought to the welding 
process from the top side, for 
example, by a cold wire, and 
cannot reach the bottom area 
of the weld pool. As a result, the 
desired metallurgical effect on 
the final weld leads to different 
mechanical properties in the 
different regions of the weld pool. 
This incomplete mixing behaviour 
can be seen in Figure 2b for a 
welding example with a nickel-
rich filler wire and a standard 
AISI 304 stainless steel. Note 
again the coincidence of the 
position of the narrowing of the 
weld bead and the position of the 
jump in the nickel distribution at 
around half penetration depth.

Straightforwardly, the narrow 
region in the weld pool also 
has a detrimental effect on the 
remaining porosity in the final 
weld. As mentioned earlier, the 
keyhole tip tends to produce 
bubbles by periodically collapsing 
and reopening. These bubbles are 
then trapped in the lower bulging 
region correspondingly when 
their escape routes are blocked, 

thus having a significantly lower 
chance to reach the upper 
surface of the weld pool, leaving 
them as remaining pores, 
see Figure 2c.

Conclusion
In the current study, an untypical 
weld pool shape during high-
power laser beam welding and 
its influence on different weld 
defects was investigated via 
several numerical models and 
experimental techniques. It was 
discovered that the observed 
narrowing is often accompanied 
by a distinct bulging of the lower 
part of the weld pool during 
partial penetration welding, 
or in the middle part in the full 
penetration case. The boundary 
between different recirculation 
zones in the melt leads to a 
spreading of the mushy zone, 
and consequently to an untypical 
solidification sequence. Hereby, 
the hot-cracking formation can 
be provoked as the remaining 
local liquid zones have low 
resistance against tensile forces. 

Another effect of the narrowing 
is a non-homogeneous mixing of 
added filler wire in the thickness 
direction of the weld by blocking 
the vertical flow routes, leading 
to deteriorated mechanical 
properties of the final weld. It was 
also shown that this blocking 
not only diminishes the ability of 
diluted filler material to reach the 
lower weld pool regions, but also 
traps bubbles due to instabilities 
at the keyhole-tip where they are 
then frozen during solidification 
as pores.

Marcel Bachmann is the team leader 
of the welding simulation group at 
BAM’s welding technology division. 
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Since the observations 
were made particularly in 
the thickness range above 
6mm, our findings may be 
relevant especially for welding 
applications in the oil and gas, 
shipbuilding and aerospace 
industries, as well as for the 
welding of thick-walled pipelines 
or crane constructions. 

The investigated effects can 
lead to welding defects that are 
not optically accessible during 
processing, and potentially 
cause component failure at a 
later stage.l

“The keyhole 
tip tends 
to produce 
bubbles by 
periodically 
collapsing and 
reopening”

Figure 2: (a) Solidification sequence caused by the narrowing phenomenon. (b) Nickel distribution in the longitudinal section of the weld. 
(c) Projection of the porosity distribution in welding direction on the weld cross-section from μ-CT measurements. Figure rearranged from [6].
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Leonardo Caprio, Claudio Orlandi and 
Ali Gokhan Demir assess the applicability 
of handheld laser welding for the 
flexible production of components with 
aesthetic requirements

Less than 15 years after the 
invention of the laser, handheld 
laser welding (HHLW) was first 
conceived as an application[1]. 
However, it was not until 
recently that the application 
actually became viable for 
industry uptake.

The intervening years 
have seen lasers experience 
widespread adoption in 
manufacturing with the 
assistance of remote scanners, 
gantry solutions and automated 
robotics. For example, laser 
cutting has become well-
established for processing thin 
metal sheets, and is continually 
gaining market share in the 
cutting of thicker materials 
thanks to ongoing increases in 
laser power. Concurrently, due 
to its exceptional flexibility and 
precision, laser welding has been 
increasingly implemented within 
manufacturing chains, such as 
that of the automotive sector – 
most recently in the production of 
electric vehicles[2]. 

However, sectors using 
conventional manual arc welding 
operations have been notoriously 

resilient to the adoption of laser-
based solutions. Historically, this 
has been due to challenges such 
as cost, as well as the ruggedised 
requirements of industrial 
environments. However, with 
the cost of fibre laser sources 
having come down each year, 
and with continual advancements 
taking place in the design and 
performance of laser welding 
heads, HHLW systems have 
now become readily available 
for industrial use. Consequently, 
there is great potential for 
the technology to disrupt 
standard production chains in 
current markets.

HHLW systems are typically 
composed of a fibre laser source 
with a continuous or modulated 
emission profile and power levels 
between 1 and 2kW. The laser 
light is delivered to a gun-shaped 
welding head by means of a 
transport fibre through a QBH 
connector. The diverging beam 
from the fibre is collimated by a 
lens and diverted to one (or two) 
reflective mirrors, which enable 
spatial oscillation of the beam 
(as shown in Figure 1a). The light 

for the experimental runs. The 
experimental equipment has 
been developed to promote a 
greater understanding of the 
dynamics of this new process, as 
well as for didactical purposes to 
promote knowledge regarding 
laser safety. 

The first research work on the 
topic conducted by the research 
team at Sitec was presented 
this year in Orlando, Florida, 
at the International Congress 
on Applications of Lasers & 
Electro-Optics (ICALEO)[3]. The 
authors worked in collaboration 
with the company, Sice Previt, 
to investigate the influence 
of different operators over 
the mechanical and aesthetic 
properties of stainless-steel 
joints performed with a HHLW 
system, and compared them with 
an automatically driven system. 

Sice Previt operates in the 
construction and high-end 
furnishing sector, supplying retail 
shops serving the customers 
of this luxury industry. Tailor-
made products are required with 
aesthetic properties playing an 
equally important role alongside 

Experimenting with 
handheld laser welding

“HHLW 
systems are 
undergoing 
a significant 
adoption 
throughout 
industry”

is then focused by a final optical 
element and directed towards the 
workpiece. Such configuration 
implies that HHLW systems are 
generally categorised as Class-4 
laser machines, according to the 
standard EN 60825-1.

Further fundamental knowledge 
required
Currently, within scientific 
literature there is a lack of 
information regarding HHLW 
technology. Fundamental aspects 
that require further attention are 
related to the safety of using such 
systems (given their classification 
and manual use), as well as the 
mechanical properties of parts 
produced with this technology. 

To promote investigations 
on such themes, a flexible 
experimental set-up has 
been integrated within the 
Sitec Laboratories for Laser 
Applications at the Department 
of Mechanical Engineering of the 
Politecnico di Milano. The HHLW 
system developed could be either 
operated manually (Figure 1b) or 
on a linear axis (Figure 1c), thus 
providing reference conditions 

Figure 1: (a) Typical beam propagation of a HHLW system. System operated 
in different configurations (b) handheld and (c) with a linear axis[3]
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the durability of the products. 
Production lots are typically 
restrained to a single or few parts, 
with a dedicated design and 
production process. Stainless-
steel alloys are typically employed 
for the realisation of such 
components with both aesthetic 
and mechanical requirements. 

HHLW systems have been 
introduced within the production 
lines of Sice Previt as an 
alternative to conventional arc 
welding systems. The weld 
bead characteristics achievable 
with laser welding could help 
shorten the production cycle 
compared to arc-based welding, 
since currently, post-processing 
is required to provide mirror 
finishing to the components and 
compensate for any thermally 
induced deformations. In addition, 
the ease of use of HHLW systems 
resides among the promising 
aspects of the technology, thus 

it was also of interest to evaluate 
the training experience of 
the operators.

Professionals vs rookies
A benchmarking experimental 
campaign was designed to 
investigate the differences 
in terms of both mechanical 
and aesthetic properties 
of butt welds of AISI301LN 
stainless steel performed by 
operators with different skill 
levels. Two welders from Sice 
Previt, who habitually employ 
arc-based welding systems, 
were taken as the ‘professional’ 
operators, while the ‘rookie’ 
operators were two students 
from the Master of Science 
in Mechanical Engineering at 
the Politecnico di Milano, who 
received basic training with 
the system. As a reference 
term for the comparison, the 
HHLW head was adapted to 

a linear axis to perform welds 
under controlled conditions. 
The weld bead width variability 
was employed as an indicator 
for the aesthetic compliance, 
while tensile testing of the 
samples was used to assess the 
mechanical properties.

Figure 2 shows the main 
results from this investigation. 
Surprisingly, statistical analysis 
indicated that the mechanical 
properties (yield stress and 
ultimate tensile stress, shown in 
Figure 2a) were not significantly 
affected by operator skill. On 
the other hand, the professional 
welders were capable of 
obtaining a significantly lower 
weld bead width variability 
with respect to their rookie 
counterparts, as confirmed by 
the results of Figure 2b and the 
metallographic cross-sections 
of Figure 2c. As previously 
mentioned, the reference levels 
shown were provided by welds 
performed with a linear axis 
representative of conditions 
typical of automated machines. 
These weld beads showed 
in general a lower variability 
in terms of weld bead width, 
indicating that robotised 
or motorised actuators yet 
remain the best option from an 
aesthetic perspective. 

With regards to the mechanical 
properties, operations under 
controlled conditions reported 
higher average levels of ultimate 
tensile stress. On the other hand, 
the yield stress of the joints 
was not significantly affected 
by the configuration of the 
welding systems. 

Conclusion
It is a reported fact that HHLW 
systems are undergoing a 
significant adoption throughout 
the industry. However, this 
introduction of the technology 
within production environments 
requires in-depth discussions 
regarding both the technological 
and safety aspects. Careful 
evaluations regarding the 
safety of such systems 
should be conducted prior to 
their implementation on the 
production floor. 

The collaborative investigation 
between Sice Previt and Sitec 
reports a case study that may 
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“This case 
study may 
be useful for 
those currently 
evaluating the 
applicability of 
HHLW systems”

Luxury retail shop with furniture details manufactured by Sice Previt using 
handheld laser welding systems 

be useful for users belonging to 
different sectors in evaluating 
the applicability of such systems 
to their production needs. It 
must be considered that this 
work provides preliminary 
indications regarding the 
process for a specific material 
and joint configuration. Further 
studies are envisaged to 
provide a more comprehensive 
analysis exploring a wider range 
of experimental conditions 
with further replications and 
more operators.

Possibly, the compromise 
between the safety issues 
and the production flexibility 
requirements may be found 
in soft automation solutions, 
such as collaborative robotics 
equipped with HHLW torches. 
Such solutions are currently 
taking shape and have been 
recently presented at Fabtech 
2022, thus providing an 
interesting outlook on the 
future developments of lasers 
as a driving component for 
welding processes.l

Figure 2: (a) Mechanical and (b) aesthetic properties of handheld laser welds 
performed by a ‘professional’ and ‘rookie’ alongside (c) the metallographic 
cross-sections of the welds[3]

This article was co-authored by Giulio 
Borzoni and Barbara Previtali, of the 
Department of Mechanical Engineering 
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Gianluca Di Matola, of Sice Previt SpA.
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Gwenn Pallier and Yoan Di 
Maio highlight the challenges 
of laser surface texturing 
and propose a strategy for 
increasing its efficiency

Surface functionalisation 
involves the manipulation of 
interfaces in order to optimise 
their properties, including: friction 
and wear coefficients; adhesion; 
hydrophobicity; and heat transfer, 
etc. With the technique being 
applicable to both commercial 
and non-commercial products, 
it is gaining significant interest 
across a variety of applications 
and fields. For example, in the 
medical sector, surfaces can be 
modified to better adhere to bone 
cells or repel bacteria, while in the 
energy sector the aerodynamic 
properties of wind turbine blades 
can be improved. In the defence 
sector, the optical properties of 
objects can even be modified for 
stealth purposes.

Laser surface texturing has 
demonstrated its ability to modify 
the properties of a wide range 
of surfaces on the micron scale, 
both without contact or the 
need for additional mechanical 
or chemical processes. This 
makes it a suitable, sustainable 
technology for use across a 
range of environments.

The challenges of laser surface 
texturing
Excellent quality surface 
texturing can be achieved using 
femtosecond lasers. Their 
ultrashort pulse duration means 
that the material is ablated 
almost instantaneously, thus 
greatly limiting the peripheral 
thermal effects of the machining 
process. While the texture quality 
achievable this way is considered 
sufficient by a large number 
of industrial manufacturers, 
delivering a practical level of 
throughput remains a significant 
challenge. Industrial applications 
require the texturing of very large 
surfaces extremely rapidly, which 
cannot yet readily be addressed 
using the laser equipment 
currently available on the market. 

Although increasingly powerful 
industrial lasers are becoming 
available, the use of higher-
energy pulses alone does not 
improve texturing throughput 

very promising involves splitting 
a high-energy laser beam into 
multiple, lower-energy sub-
beams over a larger surface 
area in order to perform parallel 
machining. This enables all 
the available energy to be 
used during the process while 
maintaining an optimal energy 
level per sub-beam. This means 
that process quality can be 
preserved while exploiting 
the full potential of the higher-

Increasing ultrafast laser texturing 
throughput using beam splitting optics

“A promising 
strategy involves 
splitting high-
energy pulses 
into multiple 
sub-beams over 
a larger surface 
area ”

performance. On the contrary, 
it either increases the thermally 
affected regions – thus degrading 
texturing quality – or reduces 
machining efficiency. Another 
strategy involves scanning the 
laser across surfaces much more 
quickly in order to spread the 
heat generated by the higher 
energy pulses, however in this 
case scanner speed becomes a 
limiting factor. 

One strategy that does look 

Figure 1: The setup used to split the beam of a 100W femtosecond laser in order to achieve parallel processing.

Figure 2: Intensity profile in the split spot process plane
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identical to that performed on 
stainless steel. Once again, 
excellent multi-spot uniformity was 
obtained, assessed by measuring 
the machining depths via confocal 
microscopy (see Figure 5). It should 
be noted that with five-times 
more energy in the system to 
allow the beam to be split into five 
sub-beams, the machined depth 
was slightly shallower than with a 
single-spot configuration, which 
can be explained by additional 
losses along the optical chain. 

Conclusion
During this study a fully reflective 
beam shaping module was 
installed in an industrial set-up. 
It enabled powerful ultrafast 
laser pulses to be divided into 
sub-beams to conduct parallel 
processing, which enabled a 
2.5x faster processing time than 
a single beam when texturing 
stainless-steel and nickel samples. 
Surface texturing quality was 
characterised using confocal 
microscopy by measuring the 
uniformity of the roughness 
generated. These results open 
up excellent opportunities for 
increasing the applicability of 
ultrafast laser surface texturing 
across a wide range of real 
industrial applications. l

power ultrafast lasers becoming 
available.

Beam splitting on an industrial 
scale
As part of a collaboration 
between Cailabs and Manutech 
USD, a beam splitting system 
has been used to speed up an 
existing surface texturing process 
that produces surface cavities 
in stainless steel and nickel. 
These textures have previously 
demonstrated an increase of 
several orders of magnitude in 
the efficiency and lifetime of 
high-value parts by reducing their 
wear. 

The beam from a 1,030nm, 
100W Tangor laser from 
Amplitude, with a pulse duration 
of around 500fs, was split into 
five homogeneous beams by 
a Canunda-Split module from 
Cailabs. The five beams were 
then directed through a set of 
optics to a galvo scanner from 
Cambridge Technology (see 
Figure 1). The reflective operation 
of the Cailabs module enables it 
to optimally handle high power 

and energy while maintaining 
the duration of the femtosecond 
pulses. It can also be configured 
electronically to select several 
different beam splitting patterns.

Using an imaging system 
represented by lenses L3 and L4 
in Figure 1, five homogeneous 
beams were generated with a 
diameter of 25µm and a pitch 
of 200µm in the machining 
plane (see Figure 2). The 
characterisation of the beams 
by an analyser in the working 
plane showed excellent beam 
uniformity, both in terms of 
energy (< 2.5%) and circularity 
(ellipticity < 5%). These qualities 
are essential for industrial 
applications, and in particular in 
the femtosecond regime where 
tolerances are even stricter as 
the pulse durations are used 
specifically for their precision 
at the micrometre and sub-
micrometre scale. For this reason, 
beam mismatches are generally 
not tolerated and the degree of 
acceptance typically depends on 
the intended application, which is 
a major challenge for the market 

penetration of parallel processing 
modules such as Canunda-Split.

 
Machining stainless-steel and 
nickel parts
Our first texturing experiment 
consisted of machining cavities 
on a 4 x 4mm stainless-steel 
surface (see Figure 3). The cavities 
were positioned 50µm apart, 
implying a pitch of the same 
value by the scanner, while the 
shaping points were spaced 
200µm apart. The texturing 
quality was well preserved in a 
multi-spot configuration, and 
so the homogeneity between 
the beams was largely sufficient 
and preserved in the addressed 
field of the F-Theta lens. This 
strategy provided a total time 
saving of a factor of 2.5 compared 
to single-spot machining in this 
application. The gain in terms 
of speed depends on the ratio 
between the time the laser is 
actually processing and the time 
the scanner is moving. For a given 
process, the longer the time the 
laser is drilling, the higher the 
speed gain will be with parallel 
processing. 

Our second texturing 
experiment involved texturing 
grooves and cavities in nickel 
samples. For the grooves, the 
machined area was 1mm² 
with a constant pitch of 50µm. 
Once again the quality was well 
preserved by switching to a multi-
spot configuration, as illustrated 
in Figure 4. For the cavities, the 
machining configuration was 
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Yoan Di Maio is a Research & 
Development Engineer at  
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Figure 3: Microscopic view (left) and 2D section (right) of the textured 
stainless-steel sample

Figure 4: Nickel samples structured with grooves reconstructed digitally 
using optical microscopy. Top: Samples structured using a single spot with 
a 500x (left) and 1000x (right) objective lens. Bottom: Samples structured 
using multiple spots with a 500x (left) and 1000x (right) objective lens.

Figure 5: Nickel samples structured with cavities reconstructed digitally 
using confocal microscopy. Top: Samples structured using a single spot 
with an average cavity depth of 4.98µm. Bottom: Samples structured using 
multiple spots with an average cavity depth of 3.98µm.
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Jan Grajczak, Christian Nowroth and Sarah 
Nothdurft investigate the potential of 
using ultrasonic vibrations to improve the 
properties of dissimilar metal welds

To provide tailored, lightweight 
and cost-efficient components, 
joining dissimilar metals with 
superior quality is important. 
Laser welding continues to 
show great potential for such 
applications, enabling high-
precision joining with low heat 
input and the customised mixing 
of dissimilar metals. 

A promising approach to 
further improving the laser 
welding of dissimilar metals is 
the introduction of ultrasonic 
excitation into the weld pool, 
which could enable grain 
refinement for improved joint 
strength and ductility, as well as 
the avoidance of defects.

The influence of standing 
ultrasonic waves in laser 
welding – e.g. by performing 
welds at different points along 
the standing wave – is therefore 
currently being investigated at 
the Laser Zentrum Hannover and 
the Leibniz University Hannover. 

Experimental setup and 
procedure
The welding setup being used 
(see Figure 1a) consists of: a 
diode-pumped 1,030nm disk 
laser (TruDisk16002, Trumpf, 
Germany); welding optics with an 
optical fibre diameter of 200µm, 
a collimation length of 150mm, 
a focal length of 300mm and a 
focal spot diameter of 400µm; a 
robot (KR 60 HA, Kuka, Germany); 
two flat nozzles to supply argon 
shielding and process gas; and a 
hydraulic clamping setup. 

A bespoke system is used to 
produce an ultrasonic standing 
wave with a frequency of 
approximately 20kHz. Welds can 
then be performed at varying 
positions along the ultrasonic 
standing wave. See [1] for a 
detailed description of the setup.

As part of our investigation, 
round bars made from 1.4301 
steel alloy and 2.4856 nickel-base 
alloy, with a length and diameter 

Results
It was found that at the 
displacement node of the 
ultrasonic standing wave – where 
maximal pressure occurs – an 
equiaxial grain structure forms, 
around which a higher risk of 
cracking arises. At 2µm standing 
wave amplitude, fluctuations of 
the Fe- and Ni-content in the 
weld take place corresponding 
with newly formed grains. At 4µm 
amplitude, the equiaxed grain 
structure forms in the centre of 
the weld, corresponding with a 
different chemical composition 
than the weld border (consisting 
of directed grains). 

At the displacement-antinode 
of the ultrasonic standing wave 
– where minimal pressure occurs 
– it was found that the edges 
of the melt pool vibrate in such 
a way that cracking is reduced 
in the weld. At 2µm amplitude, 
the chemical composition 
of the weld is homogenised, 

Enhancing dissimilar metal 
welding using ultrasonic excitation 

of 30mm, were butt-welded. 
Welds were performed with 
the melt pool located at the 
displacement- node and 
antinode of standing waves (see 
Figure 2) with amplitudes of 0, 2 
and 4µm. This was done using 
7.75kW laser power and at a 
welding speed of 0.95m/min. 
The weld shape, microstructure 
and defects were evaluated and 
are shown in Figures 1b and c. 
HV1 hardness measurements 
were conducted 6mm below the 
specimen surface. Furthermore, 
scanning electron microscopy 
(SEM)-analyses (Quanta 400 
FEG, Thermo Fisher Scientific, 
USA) with EDX-linescans and 
mappings were conducted 
laterally to the line of hardness 
measurement. 

This experiment enabled 
us to assess the influence of 
ultrasonic excitation on grain 
refinement, material intermixing 
and overall weld strength. 

Figure 1: a) Experimental setup; Top views and metallographic cross sections of 
dissimilar welds b) Without ultrasonic excitation and c) With ultrasonic excitation
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with grains of new orientation 
being found that minimise the 
hardness difference between 
the weld and the base material. 
At 4µm amplitude, V-shaped 
composition fluctuations occur 
due to the stronger vibration 
of the weld edges, moving the 
melt out of the weld. The number 
of grain orientations increases 
and dendrite fragmentation is 
fostered, presumably due to 
acoustic cavitation[2].

Between the displacement 
node and antinode of the 
standing wave, it was found 
that a cross flow occurs in the 

melt pool[3] that increases with 
higher ultrasonic amplitude. 
Consequently, as the weld 
width increases, the weld depth 
decreases, destabilising the 
keyhole.

Conclusion
It was found that the weld 
properties between round bars 
made from 1.4301 steel alloy 
and 2.4856 nickel-base alloy 
can be improved by performing 
the weld at the displacement-
antinode of an ultrasonic standing 
wave with an amplitude of 2µm. 
The chemical composition of 

the weld is homogenised by 
the ultrasonic mixing effect, 
while the hardness gradient 
is reduced by ultrasonic grain 
refinement and solution 
strengthening. The overall weld 
hardening effect is reduced 
at higher standing wave 
amplitudes by porosity (when 
at the displacement-node) or 
by a change of melt flow (at the 
displacement-antinode).

In future investigations, a fully 
refined and ductile weld could 
likely be achieved by modulating 
or combining different types of 
ultrasonic excitation. l

Figure 2: Welds were performed at the various nodes along an ultrasonic 
standing wave to assess the influence of ultrasonic excitation

Tony Weiss and Christian Geiger 
highlight the need for advanced 
laser welding and process 
monitoring techniques to 
optimise bipolar plate joining

Welding metallic bipolar plates 
for the production of PEM fuel cells

Polymer electrolyte membrane 
fuel cells (PEMFC) are a 
promising technology that can 
significantly contribute to the 
reduction of greenhouse gas 
emissions from the mobility 
sector, which is still largely 
based on fossil-fuel-powered 
internal combustion engines.

In a PEMFC, hydrogen and 
atmospheric oxygen react to 

create water and electrical 
energy, the latter being 
usable to power an electric 
motor. The use of ‘green’ 
hydrogen, produced with 
renewable energy sources, 
enables emission-free power 
generation. Compared to 
other fuel cell types, PEMFCs 
have advantages, such as 
their high energy density at 
low operating temperatures, a 
high system robustness, and 
a quick start-up capability. 
However, so far high material 

and production costs, as well 
as an insufficient durability, 
have limited their broader 
commercial application[1]. 
Therefore, ongoing research is 
focusing on the improvement 
of PEMFC performance and 
lifetime characteristics, as well 
as the reduction of material and 
production costs[2]. 

Within PEMFCs bipolar plates 
are an important component, 
ensuring a sufficient supply, 
as well as distribution of the 
reactant gases, removal of 

waste heat and structural 
integrity. Coated stainless-steel 
foils (for example, AISI 316L) 
are favoured as a base material 
for bipolar plates due to their 
numerous advantages over 
other materials (for example, 
graphite), such as a high thermal 
conductivity, as well as superior 
mechanical properties[3]. For 
the production of bipolar plates 
on an industrial scale, the metal 
foil is normally supplied as a 
coil. During the first production 
step, the part geometry and 

WINTER 2022  LASER SYSTEMS EUROPE  35WWW.LASERSYSTEMSEUROPE.COM  |  @LASERSYSTEMSMAG

ANALYSIS: DISSIMILAR METAL WELDING

g



Figure 1: Exemplary image of a weld seam with the occurrence of the 
humping effect recorded with a laser scanning microscope

“These results 
contribute to a 
future welding 
architecture 
for the joining 
of metallic 
bipolar plates”

“A photodiode-
based system 
can indeed 
detect single 
process defects 
as a result 
of humping”

Figure 2: Measured laser welding 
monitor signals of a sample (P = 
1,000W, v = 1,700mm/s) correlated 
to the corresponding weld seam
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flow channels are introduced 
into the continuous metal foil 
during a forming process, 
such as hydroforming or 
stamping. In the next step, the 
metal foil with the introduced 
geometries is separated and 
cut into single sheets by laser 
cutting or stamping, which 
are called bipolar half plates[4]. 
To manufacture a bipolar 
plate, two half plates have 
to be welded together in an 
overlap configuration. 

Laser welding steps up to 
the plate
Laser beam welding is a state-
of-the-art joining process for 
the production of metallic 
bipolar plates due to its 
flexibility, wear-free operation 
and high welding speeds. A 
problem during the welding 
process is the occurrence of 
process instabilities at higher 
welding speeds, such as the 
humping effect, which cause 
weld seam imperfections that 
lead to parts needing to be 
scrapped. An image of a weld 
seam with the occurrence 
of the humping effect was 
recorded with a laser scanning 
microscope (VK-X 1000, 
Keyence Corporation, Japan) 
and is shown in Figure 1. 

To ensure the gas tightness 
of the weld seams, a leakage 
test is necessary. With a cycle 
time of 20 - 60s and the use 

of helium, the test is time-
consuming and expensive. 
In total, the material and 
production costs of the bipolar 
plates are accounting for 20% 
of the fuel cell stack net costs 
per kilowatt and, thus, represent 
a significant share[5]. As the 
worldwide demand for fuel cells 
– and therefore bipolar plates 
– is increasing, higher welding 
speed, minimising process 
instabilities during welding, 
and reducing the testing time 
are all essential steps to lower 
overall production costs and 
the scrap rate. Hence, a reliable 
and advanced welding process 
is necessary. Additionally, 
an inline process monitoring 
system to determine the weld 
seam quality is a promising 
approach to reduce the 
testing time significantly. With 
a mature system, it would be 
possible to adapt the process 
parameters inline and determine 
the gas tightness without a 
downstream leakage test. 
Furthermore, the separation 
of faulty bipolar plates at an 
earlier manufacturing stage 
will be possible. Both actions 
will help to minimise the overall 
production costs if realised on 
an industrial scale.

Process monitoring 
experimentation
At the Institute for Machine Tools 
and Industrial Management 
of the Technical University 
of Munich, the suitability of 
a photodiode-based sensor 
system (Laser Welding Monitor 
[LWM], Precitec, Germany) for 
inline process monitoring was 
tested. The sensor consists 
of three photodiodes, which 
measure process emissions at 
different wavelength ranges. 
In Figure 2, the signals of the 
three photodiodes are shown, 
which were recorded during 
the laser beam welding of two 

80µm-thick AISI 316L foils. The 
experiments were conducted 
with a continuous-wave, multi-
mode disk laser (TruDisk 1020, 
Trumpf, Germany) emitting at the 
green wavelength of 515nm.  

The welding speed in this 
example was set to 1,700mm/s 
to provoke the occurrence of 
process instabilities, such as 
the mentioned humping effect, 
and other welding defects. 
After processing the data, no 
anomaly related to the humping 
effect was identified within the 
inline measured signals. As 
the humping appears behind 
the process zone in the feed 
direction, the emitted radiation 
from this area could not be 
detected with the used sensor 
set-up. Only a lack of fusion was 
detected based on a statistical 
signal analysis of the plasma 
signal. Further measurements 
were made by recording the 
LWM signals during a second 
pass over the weld seam at 
the same speed, but with 
significantly reduced laser 
power. In comparison to the 
inline measurement, the data 
recorded during the second 
pass showed clear peaks in 
the signal waveforms for the 
plasma, the temperature, and 
the reflection signal in the 
areas where humping occurred 
(Figure 2). 

The results of the first 
experiments showed that a 
photodiode-based system can 
indeed detect single process 
defects, as a result of humping, 
for example, not inline but within 
a second pass over the weld 
seam. 

These results can contribute 
to a future intelligent laser 
beam welding architecture for 
the joining of metallic bipolar 
plates. Additionally, a sensor 
data fusion approach as a 
basis for an inline weld seam 
quality prediction is proposed 
in [6] to increase the process 
reliability. The end goal of 
this work is to provide key 
information for a 100% inline 
quality assurance to substitute 
complex quality tests. The core 
of this system, which will be 
the topic of future research, is 
based on integrated adaptive 
data processing methods using 
machine learning algorithms 
for the interpretation of the 
sensor signals. l

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

ANALYSIS: E-MOBILITY

g



Peter Kazansky and Yuhao Lei describe how 
direct laser writing of glass can enable 5D 
optical data storage and high-efficiency 
beam shaping

Humans are generating ever-
larger information and high-value 
datasets in their daily activities, 
creating the urgent need for 
more efficient forms of data 
storage offering high capacity, 
low energy consumption and long 
lifetime. To meet the growing data 
storage demand, commercial 
cloud providers rely on magnetic 
media storage technologies, such 
as hard disk drives (HDDs) and 
tapes. However, the drawbacks 
of HDDs are their high energy 

consumption and short lifespan 
of less than 10 years, while 
tapes have a long average case 
response time – hindering the 
application of both technologies. 
More futuristic DNA-based data 
storage is capable of storing 
hundreds of terabytes (TB) of 
data per gram, but with limited 
durability and a high cost.

Optical data storage has been 
heralded as an energy-efficient 
solution with a longer lifetime, but 
traditional optical data storage 
technologies of compact disk 
(CD) and digital versatile disk 
(DVD) are only capable of holding 
tens of gigabytes (GB) per disk, 
with a lifetime of a decade. Recent 

advances in femtosecond (fs, 
10-15s) laser writing in dielectric 
materials have paved the way for 
high-density data storage with a 
long lifespan by rapid and precise 
energy deposition.

500TB of data on a glass disc
Although five-dimensional 
(5D) optical data storage in 
transparent materials has 
been demonstrated before 
by laser writing to harness 
plasmonic properties of 
metallic nanoparticles[1] or 
imprint nanogratings[2], it is still 
challenging to achieve high 
data writing speed and capacity 
for real-world applications. To 
overcome this hurdle, we’ve used 
a 10MHz femtosecond laser to 
create tiny voxels, each of which 
contains a single nanolamella-
like structure with a size of just 
500nm x 50nm[3]. These tiny 
structures can be used for 
virtually eternal 5D optical data 
storage that is more than 10,000 
times denser than Blu-Ray optical 
disc storage technology. The 
demonstrated readout accuracy 
of this multi-layer data is close 
to 100%. The technology can 
be used to write 1,000,000 data 
voxels per second, corresponding 
to about 230 kilobytes (kB) of 
data (more than 100 pages of 
text) per second.

Since the nanostructures are 
anisotropic, the birefringence 
they produce can be 
characterised by the slow axis 
orientation (fourth dimension, 
corresponding to the orientation 
of the nanolamella-like structure) 
and strength of retardance (fifth 
dimension, defined by the size 

light reduces the energy needed 
for writing. 

With the current system, we 
have the ability to preserve 
terabytes of data, which could be 
used, for example, to preserve 
information from a person’s DNA.

Ultrahigh efficiency 
geometric phase shaping and 
polarisation control
Another important application 
of anisotropic modification 
via ultrafast laser writing 
is the fabrication of beam 
shaping elements. 

Conventional nanograting-
based elements have a drawback 
of low optical transmission, 
especially in the visible and 
ultraviolet range. At the 
Optoelectronics Research Centre, 
we recently demonstrated a new 
type of birefringent modification 
with ultrahigh transmittance 
by ultrafast laser direct writing 
in silica glass[4]. Randomly 
distributed oblate nanopores 
with a diameter of around 20nm 
have been observed, which 
are responsible for the high 

Optimising data storage and beam shaping
using ultrafast laser writing

of the nanostructure). When 
data is written into glass with 
an ultrafast laser, the slow axis 
orientation and strength of 
retardance can be controlled by 
the polarisation and intensity of 
light, respectively.

Instead of femtosecond laser 
direct writing, we harnessed 
the light to produce an optical 
phenomenon known as near-
field enhancement, in which 
a nanolamella-like structure 
is created by a few weak light 
pulses, from an isotropic 
nanovoid generated by a single 
pulse microexplosion. This 
reduces thermal accumulation 
and any resultant damage 
problems that can occur when 
using high repetition rate lasers.

This new approach improves 
the data writing speed to a 
practical level, enabling us 
to write tens of gigabytes of 
data in a reasonable time. The 
highly localised, precision 
nanostructures enable a higher 
data capacity because more 
voxels can be written in a unit 
volume. In addition, using pulsed 

Figure 1: Laser writing of birefringence structures inside silica glass. 
(a) Schematic of laser writing set-up. (b) Images of the slow axis azimuth of 
voxels written by 10 laser pulses with (left) and without (right) energy 

“We are now 
working to 
increase the 
data writing 
speed to a level 
of MB/s by using 
a 40MHz laser”

g
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birefringence. For demonstration 
purposes, ultralow loss spatially 
variant birefringent optical 
elements, including a geometrical 
phase flat prism and lens, vector 
beam converters and zero-order 
retarders have been fabricated. 
The high optical damage 
threshold of the demonstrated 
optical elements, comparable to 

pristine silica glass, overcomes 
the limitations of geometrical 
phase and polarisation shaping 
using conventional materials and 
fabrication methods, including 
photo-aligned liquid crystals 
and metasurfaces.

The path ahead
For the ultrafast laser 
birefringence patterning 

technology to become viable for 
practical applications, ranging 
from optical data storage to 
beam shaping elements, high 
throughput is still a critical factor.

We are now working to 
increase the data writing 
speed to a level of MB/s by 
using a 40MHz laser and to 
make the technology usable 
outside the laboratory. On the 
other hand, rapid and accurate 
readout of the stored data is 
equally important for practical 
data storage applications, 
and so a computer-controlled 
motorised imaging system is 
being considered to improve 
readout speed.

Moreover, today’s high-
transmittance beam shaping 
elements with high optical 
damage threshold are expensive 
due to their relatively long 
manufacturing time. We recently 
proposed more efficient 
ultrafast laser writing with 
elliptically polarised pulses, 
instead of linear polarisation, 
to reduce the fabrication 

Figure 2: Virtually lossless geometric phase flat lens fabricated with 
nanopore modification in silica glass. Left: Birefringence image of a flat lens 
and intensity patterns of 488nm beam and the focal lengths are ±208mm. 
(Right) The same lens corrects short -5D and long +5D sightedness.  

cost. More complicated beam 
shaping elements and holograms 
can be imprinted with such 
techniques as well. Therefore, 
we can expect that, in the near 
future, multifunctional beam 
shaping elements with better 
performance and lower cost 
can be used in a wider range 
of scenarios. l

g
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Dynamic Beam Lasers introducing 
new parameters for laser welding

In the past few years, the fast-growing 
demand for electrically operated 
vehicles has surfaced the need for 
an industry transition toward laser-
based welding processes rather 
than the in-use technologies such 
as arc-welding, brazing, solid-state 
welding, etc. The challenges are 
broad and versatile and concern 
minimization of parts, difficult-to-weld 
alloys, dissimilar-material welding, and 
high-speed welding requirements in 
applications like powertrain welding, 
busbar connections, thermal solution, 
and hairpins to name a few. However, 
these challenges are dealt with by 
conventional lasers system only to a 
limited extent that has not yet been 
established for mass production 
replacements. This, in part, is caused 
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Christian Dini
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by the fact that conventional laser 
systems can control a limited set of 
process parameters, such as power, 
feed rate, and focus as the main 
exchangeable parameters, that are 
insufficient to allow better control 
of the welding process dynamics. 
Civan’s OPA-series dynamic beam 
lasers precisely target the melt pool 
dynamic through shape stirring and 
predesigned power distribution 
profiles, by which defects such as 
porosity, spatter, humping, and cracks 
are avoided. The flexibility of the 
controlled parameters offered by 
OPA-series lasers (i.e., type of shape, 
shape frequency, focus stirring, power 
distribution profile, etc.) allows for 
better refine the process parameters 
for a specific task. This results in 
better optimization of various welding 
processes that are of high industrial 
demands.
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NEWS FROM AILU

What is on the mind of UK  
laser subcontractors?

Dave MacLellan, Executive 
Director of AILU, 
shares insights from the 
association’s latest annual Job 
Shop Meeting

The UK has a strong and 
experienced laser subcontracting 
sector offering laser cutting, 
welding, drilling, marking 
and cleaning – among other 
processes. In November, AILU 
held its annual meeting for this 
sub-group, offering a combination 
of information, advice and cost-
saving recommendations, as 
well as a forum to introduce new 
technology. Below are a few of the 
key highlights from the day.

Minimising energy costs
Laser subcontractors are heavy 
users of electricity, as well as 
nitrogen gas for high-pressure 
laser cutting. The meeting 
addressed this topic through 
presentations about supply 
contracts, renewables and 
efficiency savings. In parallel, an 
AILU business survey was sent 
out that asked questions about 
both business confidence – the 
results of which were surprisingly 
encouraging, however, not as 
high as pre-pandemic levels 
– and activities towards the 
target of Net Zero – only 60% of 
those surveyed have a plan or 

are currently working on one.
Sourcing cheaper electricity 

by informed contract negotiation 
was found to be very important, 
especially the need to not pay “out 
of contract” prices, which can be 
eye-wateringly high. A year ago, 
members were paying 15 pence 
per kWh and now they are likely to 
be paying anywhere from double 
to six times that rate, depending 
on when and how they renew 
their contracts. 

The status of solar power for 
commercial installations was 
raised, with some excellent case 
studies. Solar power installations 
are becoming a high priority for 
any company with a significant 
roof area. Recent trends in higher 
efficiency panels and higher 
electricity prices mean that a 
typical pay-back on the installation 
of solar panels has approximately 
halved, from nine years to under 
five. It was speculated whether 
the twinning of solar panels with a 
nitrogen generator could prove a 
good way to reduce the base load 
of job shops. 

Equipment manufacturers are 
trying to provide greater efficiency 

and closer monitoring of electrical 
and gas consumption to allow 
laser users to know their costs 
per component manufactured, 
which can vary from system 
to system dramatically. Some 
new developments in this area 
had a mixed response from the 
audience, as the work of a job 
shop is so varied, making it hard 
to quantify savings. Nevertheless, 
this will be a key point in the future 
and could be a significant driver 
for achieving further energy/
resource consumption.

Handheld welding/cleaning 
gaining popularity
At the meeting, a number of 
companies brought along manual 
laser welding and cleaning 
systems. These have really started 
to gain traction post-covid as fibre 
laser developments have made 
them smaller, lighter and cheaper.

A key takeaway from the 
meeting was that handheld laser 
welding is both easy to pick up for 
non-welders (see page 30) and 
up to four-times faster than TIG 
welding. Laser cutting companies 
that also offer sheet metal 
fabrication are starting to invest in 
these systems, which take away 
much of the ‘black art’ of welding 
and bring professional results with 
just a couple of days of training.

Handheld laser cleaning is 
also of great interest, especially 
for those looking to weld 
aluminium, where the material 
can start to oxidise within hours. 
Certain systems are even 
offering dual-use capability, 
enabling the user to perform 

laser cleaning as a secondary 
application pre- or post-weld. 

Gas mixing
With fibre lasers now becoming 
increasingly available on cutting 
machines with 24kW or more 
(see page 8), thick metal cutting 
(greater than 25mm) is no longer 
limited to CO2 lasers. Though 
most job shops prefer to buy 
lasers of 12kW or lower, the 
developments in gas mixing – 
where a small percentage of 
oxygen is added to the bulk 
nitrogen in a gas mixing system 
– has enabled higher speeds, 
better edge quality and reduced 
underside dross. The elimination 
of deburring operations and the 
increase in speed that cutting 
with compressed air or oxygen-
enriched nitrogen enables, are 
still aspects that must be further 
quantified before an investment 
case can be stated clearly. 

In conclusion, the meeting 
was a vibrant mix of discussion 
and presentations – backed up 
by the all-important networking 
opportunities presented by these 
‘in person’ events. AILU’s next 
event is ILAS 2023 – which takes 
place on 22-23 March 2023 at the 
Daventry Court Hotel, UK. This 
event takes place every two years 
and attracts a mixture of over 
200 delegates from international 
industry and academia.l
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Delegates listen to a presentation on solar energy at AILU’s latest Job Shop Meeting.

Handheld systems capable of laser cleaning and welding are growing in popularity.

Contact AILU:
Web: www.ailu.org.uk
Email: info@ailu.org.uk
Phone: +44 1235 539595 
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Amada Sigma LS 
Amada Weld Tech has launched the Sigma LS, 
a femtosecond laser-integrated module ideal 
for micromachining metals and metal alloys, 
polymers, ceramics and glasses.

With its small form factor and integration-
ready design, the Sigma LS is suited for 
machine builders and system integrators, as 
well as contract manufacturers, job shops 
and R&D laboratories. The system delivers 
optimal quality, minimal thermal effects and 
high stability and dimensional accuracy. This 
makes it suited to: hole drilling in stainless 
steel cannula; selective polymer ablation on 
metal; hole drilling in ceramic microfluidics; and 
texturing metals, polymers and ceramics. It is 
also a good choice for micromachining polymer 

filter screens, or micromachining metal struts 
and filaments.

The Sigma LS is available with power options 
ranging from 5 to 40W, as well as options for 
either infrared or green wavelengths. Both 
air-cooled and water-cooled laser options are 
available. The system also features an easy-
access control panel for communications with 
common industrial control systems.

The galvanometer scan head comes with 
multiple lens options for accurate, high-speed 
beam delivery, while the control software offers 
a GUI tailored to each application. Also available 
are an optional fixed-optic focus head, as well 
as on-axis (through-the-lens) and off-axis 
vision options. 
www.amadaweldtech.eu

PRODUCT
UPDATE

Farsoon FS621M Pro-4, FS621M Pro-6  
and FS621M-U-4
Farsoon has announced three new metal 
additive laser powder bed fusion systems: 
the FS621M Pro-4, FS621M Pro-6 and the 
FS621M-U-4. These latest multi-laser, large-
format metal platforms are targeted for high-
speed production of high quality, large-scale 
additive manufacturing. The new systems 
offer large build volumes and can work with 
materials such as titanium alloys, aluminium 
alloys, nickel-based superalloys, stainless 
steels and maraging steels. They offer great 
potential in aerospace applications by lowering 
operational cost and enabling true industrial-
scale series manufacturing.

The FS621M Pro features a build envelope 
of 620 × 808 × 1,200mm; it can be equipped 
with four or six 500W lasers, boosting 
productivity for series manufacturing. The 

FS621M-U-4 features an impressive build 
envelope of 620 × 620 x 1,700mm; it is fitted 
with four 500W fibre lasers. The advanced 
multi-laser scanning strategy of the new 
systems enables high calibration accuracy 
in overlapping areas, ensuring uniform 
mechanical properties and surface finish 
of the parts throughout the build platform. 
In addition, powerful build process control, 
real-time recording and monitoring capabilities 
ensure optimal build quality.

Both systems can be equipped with a 
permanent filter module to enable long-term 
operation for extremely large builds. The 
powder handling processes of the two 621M 
systems share a common powder container 
design, offering continuous feeding of powder 
to the build and the ability to easily exchange 
and monitor powder quality.
www.farsoon-gl.com

LPKF ProtoLaser H4
The LPKF ProtoLaser H4 can be used for 
both cutting and drilling in the manufacture of 
printed circuit board (PCB) prototypes. It can 
produce a four-layer PCB in just one day.

The H4 is built on a granite base, has a 
powerful laser and a mechanical processing 
head that is operated independently from a 
tool magazine. During operation, the system 
is a Class-1 laser product, meaning no safety 
precautions are required. The system can 
achieve a track/gap of 100µm/50µm on fully 
coated circuit board materials. A camera 
recognises the exact position of the circuit 
board on the work table, enabling precise 
structuring of two-layer PCBs and single 
layers of multi-layer PCBs. Flexible materials 
or foils are held securely in position with the 
integrated vacuum table.

LPKF’s CircuitPro RP software controls the 
new system. Extensive libraries offer material 
parameters and process flows for many 
common applications, as well as a simple 
user interface and predefined laser tools to 
simplify project planning. 
www.lpkf.com



Foba V.0071-gr/V.0141-gr
The new Foba V.0071-gr (7W) and Foba V.0141-
gr (14W) 532nm laser marking systems can 
apply perfect marks at high speeds on materials 
with extraordinary absorption properties. Such 
materials include plastics such as UHMWPE, 
HDPE or PMMA, as well as glass and highly 
reflective metals. 

The green laser marker can be operated via 
Foba’s established laser marking workflow, 
featuring camera and mark alignment software, 
which enables optical part inspection and 
validation of marked contents, as well as the 
automated and precise positioning of the 
laser mark.

The system can be equipped with various 
laser alignment tools and works with any of the 
available Foba user interfaces. It can flexibly be 
integrated into production environments due to 
a smaller marking unit (compared to Foba’s UV-

laser), a broad range of available interfaces and 
five possible marking field sizes.
www.fobalaser.com

Rollomatic LaserSmart 810XL 
Rollomatic has launched the LaserSmart 
810XL, featuring an innovative and powerful 
laser source designed for the profile 
cutting and ablation of tools made from 
polycrystalline diamond and other ultra-
hard materials measuring up to 12 inches in 
diameter, 14 inches in length and weighing up 
to 33lbs. Its application fields are typically in 
woodworking, automotive and aerospace. 

The LaserSmart 810XL can achieve 
a surface finish as low as Ra 40nm while 
producing crisper cutting edges and 30% 
faster feed rates compared with conventional 
laser machines. Its software easily interprets 
3D files and data entry while communicating 
effortlessly with the operator and other 
machine systems. Six internal cameras assist 
the operator in quick set-up and efficient 
production, delivering automatic blank 
detection, high repeatability and precise 
cylindrical margins on any tool size. 
www.rollomatic.ch

PRODUCT UPDATE
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LVD Puma
LVD has introduced the Puma, a cost-efficient 
fibre laser cutting machine. Offered with a 3, 
6 or 12kW laser in 3,050 x 1,525mm, 4,065 x 
2,035mm and 6,160 x 2,035mm formats, the new 
system provides the agility to handle a diverse 
range of cutting applications across a wide range 
of material types and thicknesses.

Puma is designed to operate as economically 
as possible with high-end features that optimise 
cutting performance. The cutting head delivers 
consistent quality and process stability, 
incorporates crash protection, motorised focus 
position adjustment, capacitive height sensing, 
as well as automated functions for sheet 
referencing, cutting gas selection, pressure 
control and nozzle cleaning. The shuttle table 
system allows one table to be loaded or unloaded 
while cutting on the other table, keeping 
throughput at its peak. Table changeover takes 
just 35s.

Puma can be equipped or retrofitted with any 
of LVD’s MOVit modular automation systems, 
including the Compact Tower (CT-L), Flexible 
Automation (FA-L), Tower Automation System 
(TAS), or Warehouse Automation System (WAS).
www.lvdgroup.com

LASERS

SAFETY

ULT LAS 800 Ex
ULT has developed the LAS 800 Ex 
filtration system due to ever-finer 
combustible dusts being produced in laser 
processing from higher input energies 
and shorter laser pulses – explosive 
potential increases with the degree of 
fineness in dust.

The new device is an externally tested and 
confirmed solution that safely extracts the 
finest laser dusts with a separation degree 
of over 99.995%. The ignition source-free 
design of the device ensures the potential 

for explosions is eliminated when the LAS 
800 Ex is used as intended, and expensive 
structural explosion protection can therefore 
be dispensed with.

The LAS 800 Ex offers a variety of features: 
24/7 extremely quiet operation; an energy-
efficient design with an IE3 fan and variable 
suction power; modern communication 
standards (Profinet or OPC UA); large gas filter 
capacity (activated carbon/chemisorption); 
exhaust or recirculation mode; and 
many others. 
www.ult-airtec.com
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Coherent BIMO-FSC3 cutting heads  
and HIGHvision
Coherent has introduced a next-generation flat 
sheet cutting laser head series with ultrahigh-
power ratings up to 30kW. The BIMO-FSC3 
cutting heads come in three product variations, 
each optimised for one of the following 
applications: ultrahigh laser power delivery 
of up to 30kW; efficient ring-mode laser 
beam management; and reliable operation in 
harsh environments.

The BIMO-FSC3-Z-HP handles up to 30kW 
of laser power and features height-sensing 
capabilities and a large depth of focus, which 
combined achieve exceptional cutting speeds 
while maintaining high quality and consistency 
across very large sheets of metal. Next, the 
BIMO-FSC3-L handles up to 20kW of laser 
power and features a large numerical aperture 
that is ideal for ring-shaped laser beams 
and their associated applications. Lastly, the 
BIMO-FSC3-Z handles up to 12kW of laser 
power and is IP-65 certified to withstand the 
harshest environments.

Coherent has also unveiled HIGHvision, a 
turnkey system consisting of advanced machine 
vision hardware and software that enables laser 
welding heads to align to software-defined 
features on the workpiece in milliseconds and 
with ultrahigh accuracy. The system greatly 
accelerates welding throughput, which lowers 

the total cost of ownership, all while maintaining 
very high quality and reliability.

Laser welding heads with HIGHvision can be 
seamlessly integrated with Coherent’s HighLight 
FL-ARM lasers, providing an all-in-one solution 
and extensive capabilities to optimise welding 
process parameters. The system includes an 
extensive library of processing applications in 
electric vehicle manufacturing, including welding 
battery busbar, tab and can-cap assemblies, as 
well as electric motor stator hairpins. 

HIGHvision is available as an option for the 
HIGHmotion 2D and RLSK remote laser welding 
heads. The library of processing applications will 
continue to be developed, including with future 
AI-assisted algorithms.
www.coherent.com

Novanta Firefly 3D with QA
Novanta’s Firefly 3D scan head, designed 
for laser powder bed fusion machines, 
has been combined with Sigma Additive 
Solutions’ analytics software suite for 
process monitoring. The new solution will 
grant customers the ability to implement 
monitoring solutions across machine fleets 
without complicated retrofits to optical 
trains. The solution offers an exceptional 
200kHz data acquisition rate, enabling the 
potential for closed-loop control and laser 
correction. It easily scales to additional scan 
heads to attain the benefits of multi-scanner 
architectures with up to 100% field overlap. 
Single, dual, quad and multi-row set-ups can 
now boost machines’ productivity to mass 
produce high fidelity parts with the benefit of 
Sigma’s quality assurance solutions’ support.
www.sigmaadditive.com/novanta

Meltio Horizon & Laser  
Calibration System
Meltio’s new Horizon toolpath generator 
software is designed for use with its  
plug-and-play metal 3D printer, the Meltio 
M450, for which users have previously 
been reliant on third-party FFF slicers for 
preparing toolpaths. 

In addition to traditional slicing 
parameters used in FFF software, such as 
layer height, line width, print speed and 
support materials, Horizon provides access 
to material-specific parameters such as 
laser power, dual wire and hot wire settings. 
The software can automatically calculate 
the cost per part in each customer project, 
and build plates can be defined by the user 
and stored as presets. To provide a good 
insight into the model to be printed, Horizon 
provides both a 2D and a 3D preview of 
the toolpath. The 2D plan vision allows for 
easy inspection of the toolpath throughout 
the model.

In addition, Meltio has launched a new 
Laser Calibration System as an accessory 
(kit) to aid the reliability and ease of use 
of its machines, ensuring a faster and 
more reliable print process. The system 
enables configuration of Meltio’s multi-laser 
deposition head accurately and effortlessly 
on all its metal 3D printing solutions. The 
system consists of a laser alignment camera 
that has to be placed under the printhead as 
it allows for a clear view of the focus point 
of the lasers. The camera is controlled using 
a portable controller, which also comes 
included in the kit, as well as a software 
specifically designed to filter the camera 
image and guide the user to focus each laser 
on the most optimal point.
https://meltio3d.com
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Solukon SPR-Pathfinder
The LPKF ProtGeometries produced by the 
LPBF process are increasingly complex. This 
poses a challenge to users during depowdering: 
it is not obvious how the component must be 
moved so that the excess powder inside the 
part can be removed. This is where Solukon’s 
new SPR-Pathfinder software comes into 
play. It analyses the geometry of a part and 
calculates the required movement pattern. The 
software is usable on Solukon’s SFM-AT800-S 

and SFM-AT1000-S machines. Capable of 
removing excess powder from complex internal 
structures after a build, SPR-Pathfinder uses 
the build job’s CAD file to calculate – based on 
the part’s digital twin – the ideal depowdering 
motion sequence. The individually calculated 
motion sequence is then read by the Solukon 
system, which in turn runs the programmed 
paths. This ensures that complex parts can be 
cleaned without human programming effort. 
www.lpkf.com



The reduction in cost of low- to 
medium-power industrial lasers 
has led to a significant increase 
in their use and ownership. 
However, understanding 
the safety aspects of their 
use has not kept pace with 
this proliferation.

Most industrial lasers are no 
more or less hazardous than 
any other machine tool found 
in a typical workshop and can 
be used perfectly safely if their 
hazards are known, understood 
and correctly controlled. 
However, while the hazards of 
using, say, a lathe have been 
highlighted from early days at 
school or college, familiarity 
with industrial lasers is much 
less common. Even among 
teachers and lecturers, the 

potential hazard of a large piece 
of spinning metal is far more 
obvious than those associated 
with a laser system.

What are the hazards  
of a laser system?
The type of hazard presented 
by a laser system depends on 
its power and wavelength. The 
greatest hazard is normally to 
the eyes due to their greater 
sensitivity to light compared 
with skin. 

The two most common 
types of industrial laser are 
fibre and CO2. These lasers 
have wavelengths of around 
1μm and 10μm respectively 
(legacy YAG and vanadate lasers 
have wavelengths very similar 
to fibre lasers). Both of these 

wavelengths are in the infrared 
and so it is not possible to see 
them with the naked eye. This 
makes them potentially more 
dangerous than even the much 
lower power laser pointers, 
because it is not possible to 
see the light or to take any 
avoiding action. 

The fundamental quality that 
distinguishes lasers from other 
sources of light is their ability to 
be focused to very small spots 
and be collected into beams 
that expand (diverge) very little 
over large distances. This means 

the intensity of light can still be 
harmful at significant distances 
from the source of light.

Fibre lasers present one of 
the highest hazards of any laser 
because the light is transmitted 
through the cornea and lens at 
the front of the eye and through 
the vitreous liquid that fills the 
eyeball, and so gets all the way 
to the back of the eye to the light 
sensors, known as the retina 
(see Figure 1). The cornea and 
the lens both focus the laser 
light, increasing its intensity at 
the retina, but as it is not visible, 
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Neal Croxford highlights 
some of the main hazards of 
industrial laser systems 

AN INTRODUCTION TO THE 
SAFETY AND SAFE USE OF 
INDUSTRIAL LASERS

KENTEK  FEATURED PRODUCT

Kentek’s Large Acrylic Windows 
have lots of advantages, 
including lower costs. The optics 
and size of the material has 
improved with higher protection 
levels. 

Features include: 30% impact 
modifier added for impact 
resistance | Enhanced optical 
clarity | Ideal for thermoforming 
and machining | Improved surface toughness for scratch 
resistance | Certified to ANSI Z136/CE EN12254 | Compliant with 
RoHS, REACH, and LaserSmart® | Uniform thickness | UV resistant 
| Improved colour recognition | Stock dimensions up to 1,219 x 
2,438mm and custom-cut dimensions that can be shipped in 
three days. 

Choose from three products with unique specifications:

Find out more: www.kenteklaserstore.com/large-format-acrylic

Large Format Acrylic Laser Viewing Windows

ACR-A5401A ACR-A5151G ACR-A5161R

Excimer (300 - 400nm) Excimer (300 - 400nm) Fibre (1,070 - 1,080nm)

Fibre (1,070 - 1,080nm) Fibre (1,070 - 1,080nm) Nd:YAG (1,064nm)

Nd:YAG (1,064nm) Nd:YAG (1,064nm)

KTP (532nm)

Near IR (800 - 1,100nm)

Figure 1: Anatomy of the human eye. g
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the usual protective responses 
such as blinking or looking away 
do not occur. Therefore very 
high intensities of light can be 
present on the back of the eye 
without the observer being 
aware of the danger.

Just like staring at the 
sun or a welding arc, light 
entering the eye can cause 
permanent damage to the 
retina, causing blind spots, or 
worse still, damage the optic 
nerve, which can lead to total 
blindness. There are currently 
no treatments to reverse 
retinal blind spots or optic 
nerve damage.

Long-term exposure to the 
light from fibre lasers can also 
cause cataracts in the lens of 
the eye, causing the lens to 
become cloudy and eventually 
leading to total blindness. 
Cataract surgery is possible and 
involves replacing the natural 
lens with a clear plastic lens.

The light from CO2 lasers is 
heavily absorbed by the cornea, 
which causes the surface of 
the eye to heat up. Long-term 

exposure to low levels of CO2 
light causes premature ageing 
due to drying out the eye’s 
surface. Drying the surface can 
cause it to crack and peel in the 
same way that sunburn affects 
the skin, causing irritation that 
feels like rubbing sand into the 
eyes. In the most extreme cases, 
the light can cause corneal 
burns. Damage to the cornea 
makes it less transparent and 
changes its shape, causing 
distorted and unclear vision.

Corneal surgery is the 
most common type of organ 
transplant involving removal 
of the damaged cornea and 
replacing it with a donated one.

Where are the hazards?
Because laser beams can 
travel large distances without 
expanding greatly, the intensity 
of the light remains high over 
very large distances. The 
laser safety standards provide 
methods to calculate the levels 
of exposure to laser light that 
are not hazardous, based on 
biological observations. For 
example, the raw beam from a 
typical 20W fibre laser remains 
an eye hazard for up to 3km. 
This is known as the Nominal 
Ocular Hazard Distance (NOHD). 
The NOHD for a typical 80W 
CO2 laser is less than 1km 
because of the lower hazard of 
its wavelength and its greater 
divergence. A raw beam must 
therefore be controlled or 
contained in some way to allow 
the safe use of the laser.

Most lasers use a lens to 
focus the beam to a small 
spot, which also increases the 
effective divergence of the 
beam (see Figure 2). When fitted 
with a typical lens the NOHDs 
are reduced to about 25m for 
a 20W fibre laser and less than 

5m for a 80W CO2 laser. So, the 
laser beam remains a hazard for 
several metres from its focus, 
meaning that either personnel 
access must be prevented or 
the beam must be blocked in 
some way.

Completely enclosing the 
laser processing volume will 
obviously ensure the hazard 
is contained, but this is often 
impractical or incompatible 
with the production 
process requirements.

Beam stops and diffusely 
reflecting panels are the most 
common method of creating a 
safe work volume. If the laser 
beam reflects off a part or 
panel in a specular (mirror-like) 
manner, the total beam path 
length would have to be the 
NOHD calculated above tens 
of metres. 

If, however, the reflection is 
diffuse, the power of the laser is 
distributed out in all directions, 
similar to the light from a light 
bulb. Diffusely reflected light 
spreads in all directions, with the 
highest intensity being directed 
to the surface of the reflector 
– irrespective of the angle with 
which the beam hits the surface 
– and lower intensities being 
directed at a glancing angle to 
the plane (see Figure 3). 

The NOHDs for diffuse 
reflections are approximately 
350mm and 200mm looking 
normal (straight down) onto the 
surface for the 20W fibre and 
80W CO2 examples, falling to 
less than 100mm looking side-
on to the point of reflection. 

Therefore, with carefully 
designed beam stops, guards 

and panels, combined with 
suitable interlocks and working 
procedures, it is possible to 
design safe working cells for 
most laser processes.

Laser safety  
classification system
International safety standards’ 
committees have developed a 
laser Class system dependent 
on the risks posed by the 
laser. In Europe this is given by 
EN60825-1, using Classes 1 
to 4. In America, the standard 
ANSI Z136.1 does not provide 
such a qualitative guide, but 
essentially follows the same 
ideas. Following is a summary of 
Classes 1-4:
Class 1, Class 1M, Class 
1C: Safe under reasonably 
foreseeable conditions 
of operation. Class 1 also 
includes high-power lasers 
that are fully enclosed, so no 
potentially hazardous radiation 
is accessible during use.
Class 2, Class 2M: Emitting only 
visible light. Eye protection is 
afforded by aversion responses, 
including the blink reflex.
Class 3R: Exposure could cause 
injury but injury is unlikely. 
Prolonged or deliberate ocular 
exposure is hazardous.
Class 3B: Viewing raw 
beams is always hazardous. 
Viewing diffuse reflections is 
normally safe. May produce 
minor skin injuries and ignite 
flammable materials.
Class 4: Even diffuse reflections 
are hazardous. May cause 
skin injuries and could be a 
fire hazard. Their use requires 
extreme caution.

Figure 2: Divergence increases 
when a lens is used.

Figure 3: Effect of a diffuse reflection.

g

“Completely 
enclosing the 
laser process will  
ensure the hazard 
is contained, 
but this is often 
incompatible with 
the production”
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Neal Croxford, of Dovecote 
Technologies, is the AILU 
representative on the BSI laser 
safety technical committee. He 
has been designing and building 
industrial laser systems for over 
36 years and offers laser system 
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Most industrial lasers are 
Class 4 lasers, but can be 
treated as Class 1 when suitable 
safety systems and precautions 
have been implemented.

Safe laser work  
enclosures and cells
Safety standards recommend 
all lasers in excess of Class 2 
are used in Class 1 enclosures. 
Laser system suppliers 
often offer Class 1 laser 
systems that contain a Class 
4 laser, containing the hazard 
with suitable guards and 
interlocking systems. 

Any company selling a 
Class 1 laser system takes 
on the responsibility of 
ensuring the laser is safe 
to use in all reasonably 
foreseeable circumstances, 
but it is recommended anyone 
purchasing a Class 1 system 
requests a Certificate of 
Conformity from the vendor 
that details the standards that 
have been considered when 
designing and building the 
laser system. If the purchaser 
has any doubts about the 

system, they can also request 
a risk assessment from the 
laser system vendor, which 
should follow the format 
detailed in EC standard EN 
ISO 12100 or equivalent and 
covered by the Machinery 
Directive 2006/24/EC.

Many laser system suppliers 
offer Class 4 laser systems for 
integration by the purchaser 
into a safe working environment 
or system. It is essential that 
anyone purchasing a Class 4 
system requests a Certificate 
of Incorporation that details the 
standards considered, as well as 
a risk assessment that will allow 
them to incorporate the laser 
into a safe working system.

Note that any person, 
company or organisation 
purchasing and/or operating 
a Class 4 laser system must 
appoint a laser safety officer 
(LSO) to oversee its operation, 
which can be an external person 
or company.

There are many important 
considerations when designing 
a suitable safe enclosure, 
including interlocking, the 

integrity of the materials 
used and their reflectivity/
diffusivity, which can be very 
different at the wavelength 
of the laser compared with 
what is observable in the 
visible wavelengths.

Laser safety officer and 
Standard Operating Procedure
The LSO has, among others, the 
following responsibilities: 
•  Coordinate acquisition of 

laser devices and systems.
•  Coordinate and assure 

compliance of all lasers 
with standards.

•  Implement appropriate 
engineering and 
administrative controls, 
including personal protective 
equipment using a Standard 
Operation Procedure (SOP) 
and laser safety manual.

•  Keep records of accidents 
and report them. 

•  Carry out periodic safety 
inspections of laser areas and 
laser devices.

•  Provide basic training, 
educational material 
and proficiency 

tests for personnel. 
•  Maintain an up-to-date 

inventory of all lasers in 
the company. 

•  Participate in accident 
investigations involving lasers. 

Other aspects of laser safety, 
such as fume extraction and 
filtration, will be covered in future 
iterations of this article. l
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El.En. S.p.A.
Via Baldanzese, 17
50041 Calenzano - Firenze - Italy
Tel. +39 055 8826807 l Fax +39 055 8832884
https://elenlaser.com

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

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

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

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

or email: jon.hunt@europascience.com 

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

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

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

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

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

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

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

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

LASERS

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

Powerlase Limited
www.powerlase-photonics.com
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Synrad
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GT Advanced Technologies
www.gtat.com

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

SERVICES
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Duma Optronics
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Gentec Electro-Optics Inc
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