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The topic of sheet metal processing strongly influences our 
Autumn issue, and will continue to dominate our website 
throughout the month of October, which we are designating: 
Sheet Metal Processing Month! This wide array of content, 
which, in addition to this issue’s articles includes a planned 
show preview, product roundup, webinar and expert interviews, 
heralds the much-anticipated return of EuroBLECH in Hanover, 
after its long hiatus. 

Diving into this issue, you will see in the news on page 6, that 
Trumpf plans to showcase a new cooling solution for its laser 
sheet metal cutting machines at the trade fair. The solution uses 
pure water, dispensing entirely with harmful cooling substances 
and using up to 80 per cent less energy for refrigeration, helping 
manufacturers reduce their carbon emissions. On page 25 the 
firm also introduces a set of multi-spot laser optics for welding 
aluminium alloy sheets in the manufacturing of electronics 
housing for electric vehicles. The optics enable gas-tight 
welds to be made at high speeds, which according to recent 
tests are more than 99 per cent reliable. And again, on page 
32, Trumpf continues its sheet metal processing innovation by 
introducing an XXL-format fibre laser cutting machine, capable 
of processing sheets up to 8m long and 2.5m wide. 

Increasing sheet sizes is one of the trends that came up in 
my recent conversation with specialist laser integrator Cyan Tec 
(page 15). The firm has taken large sheet fabrication to a whole 
new level, having recently developed a solution capable of 
processing sheets up to 12m long and 4m wide. Such sizes are 
increasingly in demand from industries such as construction 
and shipbuilding, where they reduce the number of components 
required to build large structures. 

This takes us nicely into the article on page 20, where we 
are recommended safety measures to realise the welding of 
22mm-thick steel plates, using a staggering 60kW diode laser, 
for the benefit of the maritime sector.

 @lasersystemsmag
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NEWS

LASERS 
IN ACTION

Researchers have wielded 
beam-shaping techniques to 
optimise the manufacture of 
fibre-optic medical instruments 
using ultrafast lasers.

The work will dramatically 
bring down the time required 
to manufacture such devices, 
helping reduce their cost and 
increasing their uptake.

Highly innovative thin and 
flexible optical devices have 
shown great promise for the 
future diagnosis and treatment 
of a range of conditions. The 
devices, however, require 
complex systems of micro-
optic lenses, mirrors, and 
prisms – like a microscope 
– at their end (distal-end 
microsystems). These systems 
have the potential to transform 
the delivery of procedures 
such as keyhole surgeries 
and biopsies. However, 
manufacturing the complex 
end of each device has, up to 
now, taken hours per device, 
increasing costs, and limiting 
up-take. Now, through wielding 
beam shaping techniques, 
researchers at Heriot-Watt 
University in Edinburgh, UK have 
dramatically brought down the 
manufacturing time of such 
optical systems from hours to 
just a few minutes.

‘Medical device technologies 
are vital for the detection and 
treatment of a huge number 
of diseases and healthcare 
challenges,’ explained Professor 
Robert Thomson, who led the 
team behind the new paper. 
‘Increasingly, micro-devices are 

being developed for minimally 
invasive measurement and 
therapy, for example in cancer 
detection and precision laser 
surgery. However, up to now, 
they have been very expensive 
to produce. Coming up with a 
medical device innovation is 
exciting but if it can’t be made 
commercially, it won’t be used 
in hospitals and clinics. To 
encourage the take-up of state-
of-the-art devices, it is vital to 
provide low-cost and highly 
repeatable manufacturing 
solutions.’

In Optics Express, the 
researchers describe how they 
overcome certain limitations of 
ultrafast-laser-induced selective 
chemical etching – namely long 
inscription times and widely 

Velo3D, and Hartech 
Group have announced a 
partnership to distribute 
Velo3D’s technology to 
US government agencies, 
including the Department 
of Defense.

BLM Group partnered 
with Tekmag to develop 
automated material 
storage and retrieval 
systems that fully integrate 
with BLM Group’s line of 
flat lasers.

Blackbird Robotersysteme  
partnered with Abicor 
Binzel, enabling Blackbird 
to provide better support 
for its global customers, 
from technical sales to 
application support and 
on-site customer service.

Coherent launched a 
Virtual MicroSeminar 
series that brings together 
experts in specific laser 
technologies with system 
engineers and support 
technicians, to deliver 
training sessions custom-
built for its customers. 

Trumpf announced a 
partnership in which it will 
supply lasers to Cellforce 
Group, a manufacturer 
of high-performance 
lithium-ion battery cells for 
electromobility. 

Nuburu announced 
its intentions to go 
public via a merger with 
Tailwind Acquisition 
Corp – a special purpose 
acquisition company. The 
firm will initially be valued 
at $350 million, at a price of 
$10 per common share.

IN BRIEF 

varying etching selectivity – by 
employing beam shaping via 
a spatial light modulator to 
generate a vortex laser focus 
with controllable depth-of-
focus when processing fused 
silica. 

‘We’ve achieved a major 
manufacturing advance using 
laser beam shaping techniques,’ 
remarked Thomson. ‘This gives 
us control of the shape of the 
focal volume, and therefore 
more efficient use of the 
available laser pulse energy 
during manufacture. We’ve 
overcome a major drawback of 
using ultrafast laser inscription 
techniques for manufacturing 
distal-end-microsystems 
for fibre-optic medical 
instruments.’
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Beam shaping techniques optimise 
medical device manufacturing

Researchers have been investigating focus elongation using a spatial 
light modulator for high-throughput ultrafast-laser-induced selective 
etching in fused silica
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Boeing and Northrop 
Grumman to boost 
smaller US firms’ usage of 
additive manufacturing
Boeing and Northrop Grumman 
are joining a White House-backed 
programme to enable smaller US-
based suppliers to increase their use 
of 3D printing and other advanced 
manufacturing technologies. 

The programme, unveiled by 
President Joe Biden earlier this year, 
seeks to boost suppliers’ use of 
additive manufacturing (AM), which 
the Biden administration views as 
an innovation that will enable US 
manufacturers to flourish and create 
jobs.

Dubbed ‘Additive Manufacturing 
Forward (AM Forward)’, the programme 
is being organised by the non-profit 
Applied Science & Technology 
Research Organization of America 
(ASTRO America).

Boeing and Northrop Grumman’s 
commitments follow those of GE 
Aviation, Siemens Energy, Raytheon 
Technologies, Honeywell and 
Lockheed Martin, which were the initial 
companies to join AM Forward. Each 
manufacturer intends to purchase 
additively produced parts from smaller 
US suppliers, while also offering to 
train supplier workers on new additive 
technologies, provide technical 
assistance, and engage in standards 
development and certification.

Boeing and Northrop Grumman both 
aim to increase the number of small- 
and medium-sized suppliers competing 
over quote packages for products using 
additive manufacturing. Boeing will also 
aim to increase its qualified small and 
medium supplier capacity by 30 per 
cent and provide technical guidance to 
meet qualification requirements.

‘We know the competitiveness 
of the US industrial base, including 
Boeing, relies on the capability of a 
wide spectrum of suppliers producing 
and post-processing critical aerospace 
parts,’ commented Melissa Orme, 
Boeing’s vice president for additive 
manufacturing.

New hybrid process to advance 
laser 3D printing and welding
Researchers have developed a hybrid 
process capable of faster speeds during 
laser welding, and higher deposition rates 
during metal 3D printing.

The new process combines laser beam 
welding with gas metal arc welding – a 
wire-based process – to deliver speed and 
cost-effectiveness similar to that of wire 
arc additive manufacturing (WAAM), and 
precision similar to that of wire laser material 
deposition (WLMD).

Arc-based processes are traditionally 
not as precise as laser-based processes, 
as the arc cannot be focussed to the same 
precision as the beam. However, in the 
new process, the researchers enclose the 
arc using coaxially oriented annular laser 
radiation, in such a way that the arc cannot 
break out of this ‘collar’, forcibly guiding it 
and increasing its precision.

It is for this reason that the researchers, 
from Fraunhofer ILT, have named the new 
process ‘COLLAR Hybrid’, with COLLAR 
also being an acronym for the ‘coaxial laser 
arc’ used. The process has applications in 
both metal 3D printing and welding. The 
Fraunhofer ILT researchers will be using it to 
further develop metallic 3D printing, while 
their colleagues over at the RWTH Aachen 
University Institute for Welding and Joining 
(ISF) will be using it to enhance welding.

‘COLLAR Hybrid can be used to develop 
direction-independent 3D printing 
applications for building both small and large 
components,’ explained Max Fabian Steiner, 
a research associate at Fraunhofer ILT. ‘In 
addition, due to the higher levels of precision 
enabled by the laser-guided arc, the amount 
of post-processing required for this process 
is significantly less than that of WAAM.’

In welding, the new process could be used 
to achieve speeds twice that of arc welding, 
according to initial tests. What’s more, arc 

Blue diode laser manufacturer 
Nuburu has been awarded a 
research contract by the US Air 
Force to develop an additive 
manufacturing solution with area 
printing technology. 

The goal of the one-year project 
is to demonstrate a metal 3D 
printer with exceptional speed and 
accuracy based on Nuburu’s blue 
laser technology. 

According to the firm, this 

new class of 3D printer will aim 
to offer micron-level resolution, 
exceptional part size, metal 
density, and build speed, with 
minimal to zero post-processing 
and part shrinkage.

‘By combining the absorption 
advantages of blue lasers with 
area printing technology, we aim to 
create larger scale 3D printers that 
can offer up to 100x the printing 
speed of an infrared laser-based 

printer with full metal density,’ said 
Dr Mark Zediker, CEO, co-founder 
and president of Nuburu. ‘If we are 
successful, this could allow the 
military to build replacement parts 
for older aircraft that have been 
obsoleted by the original suppliers 
and can otherwise take months 
to procure. This would greatly 
diminish the time required to build 
and replace critical components 
and would allow aircraft to return 

to operational readiness more 
quickly.’ The awarded contract 
is an AFWERX Small Business 
Innovation Research (SBIR) 
Phase II contract, with AFWERX 
being an innovation arm of the 
US Air Force that accelerates 
agile and affordable capability 
transitions by pairing innovative 
technology developers with airman 
and guardian (US Space-Force 
personnel) talent.

welding equipment typically needs to be 
rotated when processing corners or curves, 
leading to more path programming effort. 
This is not the case for COLLAR Hybrid, as 
the optics enable welding in any direction.

The degree to which the laser and arc 
are each used in the new process can be 
varied flexibly. For example, with a majority 
or purely laser process (switching the arc to 
low power or off completely), finer structures 
can be deposited. However, with a majority 
arc process, coarser structures such as 
wide ribs or large areas can be deposited 
significantly faster, more cost-effectively and 
with lower energy input.

The process could also lend itself to 
welding/building reflective materials such 
as aluminium or copper, for which more 
expensive beam sources producing blue 
or green laser light are continually being 
developed. ‘For example, I can use a majority 
arc process to break up the aluminium oxide 
layer, which has a melting temperature 
of 2,200°C, and then use a majority laser 
process to accurately process the aluminium 
layer underneath, which only has a melting 
temperature of 660°C,’ Steiner explained.

Nuburu awarded US Air Force contract to develop blue laser 3D printer
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Schematic setup of the COLLAR (coaxial 
laser arc) Hybrid processing head
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Trumpf to showcase new cooling solution for laser 
sheet metal cutters at EuroBLECH 2022
At this year’s EuroBLECH 
trade show, set to take place in 
Hanover from 25-28 October, 
laser manufacturer Trumpf 
will be showcasing its new 
sustainable Eco Cooler series 
production solution for laser-
cutting machines. 

Conventional cooling systems 
use fluorinated gases – also 
known as F-gases – as a coolant. 
This has several disadvantages: 
the cooling process consumes 
a lot of energy, and disposal of 
these F-gases is uneconomical.

By contrast, the Eco Cooler, 
developed in partnership with 
Efficient Energy, uses pure 
water as a coolant, meaning 
it uses up to 80 per cent less 
energy for refrigeration and 
dispenses entirely with harmful 
substances. To date, according 
to Trumpf, the solution is unique 
in the sheet-metal industry. 

‘Sustainability increasingly 
offers a key competitive 
advantage – especially given 
the rise in energy costs,’ 
says Stephan Mayer, chief 
executive officer for machine 
tools at Trumpf. ‘To ensure 
their operations remain viable, 
sheet-metal processors should 
be shifting to climate- and eco-
friendly technologies. The Eco 
Cooler will help our customers 
save energy and reduce the 
use of harmful substances 

The Eco Cooler should enable 
companies to reduce their 
costs as well as their carbon 
footprint. On average, use of the 
new solution reduces carbon 
emissions by 15 metric tonnes 
per year – equal to savings of 
around €10,000. Dispensing 
with F-gases eliminates 
refrigerant costs and cuts a 
further 12 metric tonnes of 
carbon. The solution is ideal 
for all sheet-metal processors 
wishing to make their operations 
more sustainable and also 
cheaper – all the way from 
industry newcomers to smart-
factory operators. Use of the 
solution will help sheet metal 
processing firms align with 
the 2016 Kigali Amendment to 
the Montreal Protocol, which 

Optics and imaging giant Nikon 
has announced that it is acquiring 
the outstanding shares of additive 
manufacturing firm SLM Solutions 
for €20 per share, equating to €622 
million. 

SLM will become part of Nikon’s 
digital manufacturing strategy, 
with SLM management convinced 
that the transaction will further 
enhance SLM’s ability to stay at 
the forefront of metal additive 
manufacturing and enhance its 
leadership position in delivering 
superior products and solutions to 
its customers. SLM will continue 
to be led by its current senior 

management team. The SLM 
management and supervisory 
boards have welcomed the bid 
and, subject to a review of the 
offer document, fully support 
the transaction. SLM expects the 
takeover offer to commence at the 
end of September or early October 
2022.

SLM’s CEO Sam O’Leary 
commented: ‘Nikon has more than 
a century of history in developing 
cutting-edge opto-electronic 
technology and precision 
equipment. I am excited for SLM 
to partner with Nikon to further 
extend our technology leadership 

position. We believe this 
transaction and partnership is very 
beneficial for all our stakeholders 
– shareholders, employees and 
customers alike.’

Toshikazu Umatate, CEO of 
Nikon said: ‘By acquiring SLM 
Solutions, Nikon is taking an 
important step towards our Vision 
2030. We are focused on digital 

manufacturing as a growth driver 
and will create value through 
the promising market of metal 
additive manufacturing for our 
stakeholders. 3D Printing will 
revolutionise mass-production 
by enabling our clients to 
manufacture highly complex 
parts, reduce cycle time, carbon 
emissions, energy costs and 
waste. Nikon and SLM Solutions 
share the vision that our 
technology-driven innovation 
will transform the future of 
manufacturing. This acquisition 
will be key to growing our digital 
manufacturing business.’

in production. We see an 
opportunity here to improve the 
environmental footprint of the 
industry as a whole and to drive 
down costs at the same time.’ 

Following EuroBLECH, this 
new solution will be available for 
Trumpf laser-cutting machines 
from the 1000 to 5000 series.

The Eco Cooler works as 
follows: water flows to heat-
generating components such 
as laser diodes, optics, drives 
and control cabinets. Having 
cooled these components, the 
water flows back to the Eco 
Cooler, where it is chilled by a 
heat exchanger in an innovative 
process involving evaporation, 
compression and condensation. 

‘The Eco Cooler works in 
the same way as a heat pump,’ 
explains Andreas Hultsch, 
project leader at Trumpf. ‘It 
enables users to control the 
temperature of components 
that generate heat during laser 
processing and also regulate 
volume-flow rates.’

Nikon to acquire SLM Solutions for €622 million
Tr
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“The Eco Cooler 
should enable 
companies to reduce 
their costs as well 
as their carbon 
footprint”

mandates a gradual reduction 
in the use of environmentally 
harmful refrigerants over the 
period to 2048. Participating 
governments have pledged to 
progressively cut the volume of 
F-gases marketed by refrigerant 
manufacturers. The reduction 
in the supply of F-gases has 
led to an increase in the price 
of refrigerants. Companies are 
therefore under pressure to 
find environmentally friendly 
alternatives to cool their 
machinery. In many countries 
around the world, state funding 
is available for companies 
looking to make this transition. 
Depending on machine-capacity 
utilisation and government 
support, the Eco Cooler could 
pay for itself in three years.

An employee checks the temperature of a TruLaser 5000 laser 
cutting machine using the new Eco Cooler
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Susan Fourtane on 
the market trends 
integrators are having 
to respond to when 
developing new systems

When physicists Charles Townes, Alexander 
Prokhorov, and Nikolai Basov received the 
Nobel Prize in Physics for the invention of 
the laser in 1964, they opened a new world 
of possibility. 

Over 60 years since its initial 
development, the flexibility and precision of 
the laser has led to it becoming established 
across industry for processing a wide range 
of materials in countless applications. 

Micromachining, in particular, is one 
such application where the full might of 
the laser is being brought to bear. The 
systems involved push the boundaries of 
manufacturing precision up to and beyond 
the threshold of a single micrometre, 
enabling the manipulation of minute areas 

of the workpiece without damaging the 
surrounding material. 

Consequently, laser micromachining 
enables the fabrication of increasingly 
smaller components, which of course 
lends itself to the ever-present trend 
of miniturising mechanical, optical and 
electronic devices. The laser technologies 
involved are therefore seeing increased 
uptake across industry.

Such is highlighted in a new market report 
published by global analytics and advisory 
firm Astute Analytica, which confirms that 
‘Smaller, lighter, and thinner is the product 
development paradigm of the 21st century’. 
The report, which covers systems for 
micro- drilling, marking, cutting, welding, 
and shaping, developed by firms such 
as 3D-Micromac, Lasea, Oxford Lasers, 
Amada Miyachi, and IPG Photonics, states 
that the laser micromachining market is 
currently valued at $207.3 million, expected 
to increase at an annual growth rate of 6.84 
per cent over the next eight years – totalling 
$368.2 million by 2030.

Embracing innovation
In order to keep up with the latest 
industry and end-user demands, laser 
micromachining firms are having to 
continuously develop their machines, 
responding to innovative applications and 
emerging technologies across different 
sectors.

Echoing the market report, Frank 
Richter, head of product management at 
laser system manufacturer 3D-Micromac, 
confirms that ongoing miniaturisation 
with increasing complexity is a common 
development within the current high-tech 
industries. 

‘Drivers for these developments are 
emerging technologies such as virtual/
augmented reality (VR/AR) and the Internet 

of Things (IoT), with the demand for low 
power consumption,’ he says. ‘However, 
even the tiny tasks have to be performed 
on a macro scale in order to ensure 
productivity and low-cost.’

Thus machine manufacturers such as 
3D-Micromac need to cover a wide field of 
applications with the highest accuracies, 
without being incredibly expensive. ‘In 
order to do so, we are focusing on our 
core competence of laser processes and 
engineering abilities,’ said Richter.

The emergence of VR/AR is driving the 
development of technologies such as 
microLEDs, the corresponding sensors 
and additional technologies involved, and 

MICROMACHINING 
SYSTEMS ADAPT TO 
MARKET DEMANDS

A sample part processed using laser micro- 
cutting, welding, drilling and ablation 

Integrators such as GFH Micromachining, 3D 
Micromac, and LLT Applikation develop complete 
laser micromachining systems featuring all 
the laser, motion control, software, and safety 
components required to realise high-quality 
applications
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this is where laser micromachining comes 
into play. ‘We have had to develop our 
machines for the laser lift-off, transfer and 
repair of microLEDs, as well as the cutting 
and structuring of eyepieces for VR/AR 
systems,’ Richter explained.  

3D-Micromac’s machines are used by 
almost every high-tech industry, according 
to Richter: ‘Ranging from the cutting 
and structuring of optical components 
in the display industry, all the way up to 
customised solutions for the medical 
industry, such as the manufacturing of 
micro-meshes for filter or evaporation 
tasks. Our tools are also used for annealing 
and cutting tasks within the semiconductor 
industry, and much more.’ 

In terms of the materials being processed, 
Richter says the most common materials 
currently in use in the mentioned industries 
are PET, silicon and sapphire. While other, 
more specialised materials such as gold, 

lithium, or titanium are of course also in 
use – placing different demands on laser 
technologies in terms of the wavelengths 
and powers involved – these aren’t quite as 
abundant.

Moving towards the future, and again 
echoing the aforementioned market report, 
Richter expects considerable growth in g

“Emerging VR/
AR is driving the 
development of 
microLEDs, which 
is where laser 
micromachining 
comes into play”

the coming years. ‘For our target markets 
we see a huge growth, however, it’s 
unpredictable where it’s really going. We are 
covering niches, thus we are collaborating 
closely with industry leaders, answering 
their needs directly,’ he concluded.

Automation and robotics playing an 
increasing role
Since its founding in 1998, GFH 
Micromachining has remained focused on 
the continuous development of its laser 
technology, which, similar to 3D-Micromac, 
applies it to many different types of 
processing.

The company, which heralds itself as 
one of the global leaders and technology 
pioneers in the design and engineering 
of high-precision ultrafast laser 
micromachining systems, has a strong 
presence within the sector.

Michael Prasser, sales expert in laser 

G
FH

 M
ic

ro
m

ac
hi

ni
ng

AUTUMN 2022  LASER SYSTEMS EUROPE  9WWW.LASERSYSTEMSEUROPE.COM  |  @LASERSYSTEMSMAG

FEATURE: MICROMACHINING



technology at GFH Micromachining, 
notes that emerging developments and 
demands include new, hard materials and 
the drilling of higher aspect ratios. ‘Higher 
cutting speed is required to reach a higher 
productivity of smaller parts with smaller 
tolerances,’ he says. For the next few years, 
the micromachining development trends 
Prasser expects to see are geared towards 
higher laser powers, full automation, and 
consequently higher productivity.

GFH Micromachining has a presence in all 
the top markets placing high demands on 
precision and the need for gentle material 
processing. This includes automotive, 
electronics, semiconductor, medical device, 
watch, textile, and mould manufacturing, all 
of which, according to Prasser, can expect 
to reap the benefits of the increasing 
automation and productivity of laser 
micromachining.

The trend towards full automation 
is already fully underway, with GFH 
Micromachining having equipped its GL 
Series machines – introduced to the market 
in 2019 – with a range of automated robotic 
systems. As a result the machine can offer a 
wider range of micromachining options with 
increased laser-on time and higher output 
over shorter cycle times.

Prasser spoke at the recent LANE 2022 
Conference on Photonics Technologies at 
the start of September in Fürth, Germany. 
Although he cannot disclose any details 
about his presentation at the time of 
writing, he says his talk will include an 
introduction into smart ultrafast laser 
processing with rotating beam lasers as 
a new tool for micro-drilling, cutting, and 
turning in the industrial sector. An upcoming 
microtechnology trade fair to keep in mind 
is Micronora 2022, to be held in Besançon, 
France from 27 to 30 September, which will 
be packed with the latest innovations and 
great opportunities for networking.

Flexibility is key 
Sebastian Kull, from laser micromachining 
system manufacturer and service provider 
LLT Applikation, highlights the increasing 

industrial use of ultrafast lasers as one 
of the latest development trends in laser 
micromachining. ‘While ultrafast lasers were 
mainly used in science a few years ago, 
they are now increasingly used in industrial 
environments,’ he confirms. 

According to Kull, there is also more 
laser power being put into processes, 
accompanied by improved image 
processing technologies. ‘Manufacturers 
of laser sources increasingly offer 
functionalities to be able to use higher 
powers in the machining process, such as 
burst mode functionality,’ he explained. 
‘Additionally, in order to measure smaller 
and smaller components for the machining 
process, more advanced components for 
image processing are being developed.’

Similar to other micromachining system 
manufacturers, LLT Applikation has had to 
adapt its process and machines in order to 

address demand. ‘This is done dependent 
on the accuracy, materials, component 
shapes, cycle time, and automation 
requirements,’ said Kull. 

Looking more closely at LLT’s system 
offerings, it is clear that one of the key 
ways of addressing varying manufacturer 
demands is to produce a system with as 
much flexibility as possible. The LLT.micro 
system, for example, offers a combination 
of different laser sources for use with two 
processing heads equipped in parallel, 
enabling it to cut, weld, drill, and structure a 
wide variety of component geometries and 
materials with accuracies up to ±3µm. 

Kull concluded by listing several trends 
and developments he expects to see in 
the next few years that will influence the 
advancement and application of laser 
micromachining:
•   Continuing trend to miniaturisation of 

products: This increases the demands 
on the accuracy of components, which 
is why laser manufacturing processes 
continue to develop in the direction of 
more accurate and smaller structures.

•   Further development of materials: 
New materials or material alloys are 
constantly being developed that have 
special properties such as memory 

capabilities, increased hardness and heat 
resistance, etc. New laser technologies 
and processes must always be developed 
for these new materials. For example, 
particularly gentle laser processing 
in order not to influence their special 
properties.

•   Processing of composite materials: This 
requires the development of technologies 
and parameters capable of processing 
individual material layers without affecting 
neighbouring layers.

•   Partial automation: Due to the increasing 
demand towards the automation of 
sub-processes, for example, the feeding 
of components into a machine, LLT 
increasingly has to automate parts of its 
systems, such as for fixing components in 
place prior to micromachining.

•   Traceability and process 
documentation: Due to the importance 
of product safety, processes and process 
parameters must be fully documented 
nowadays, a topic LLT is having to 
increasingly deal with.

Similar to 3D Micromac and GFH 
Micromachining, LLT Applikation operates 
in a variety of top markets, manufacturing 
medical devices, metrology and sensor 
solutions, microsystems, microelectronics, 
tools, watches and jewellery. l
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Another sample part, processed using laser 
micro- turning, cutting, drilling and engraving

Augmented reality eyepieces cut from high-index 
glass wafers using an ultrafast laser

“Manufacturers 
of laser sources 
increasingly offer 
the ability to use 
higher powers in the 
machining process”
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James Bakewell on the 
many opportunities 
and challenges laser 
technologies face in the 
electronics sector

The electronics industry presents both 
significant opportunities and formidable 
challenges for developers of laser materials 
processing technologies. 

The industry employs lasers for a 
wide variety of purposes, from cutting 
and scribing to drilling and structuring, 
and – according to a recent report from 
management consultant firm, McKinsey & 
Co –  its use of these applications is likely to 
grow steadily over the next few years. 

Significant shift
A current shift from mechanical 
processing means to laser-based 
methods is particularly noticeable in the 
semiconductors and advanced packaging 
sectors of the electronics industry, 
according to laser manufacturer Coherent’s 
director of marketing, Dirk Müller. 

He says this shift is being driven by 
a number of factors. Firstly, consumers 
and original equipment manufacturers 
(OEMs) alike want the latest electronic 
devices – such as smartphones, wearables, 
virtual-reality devices, sensors and home-
automation equipment – to be smaller 
and more energy-efficient than their 
predecessors. This means that components, 
such as printed circuit boards (PCBs), need 
to be correspondingly smaller, thinner 
and have more compact, densely-packed 
features. Müller explains: ‘As features get 

smaller, mechanical means hit their limit of 
capability. For example, drilling mechanically 
is displaced by drilling with a laser, because 
making a hole that is 50 or 80μm in diameter 
is much easier to do with a laser beam than it 
is with a mechanical drill.’

Secondly, companies operating in the 
semiconductor and advanced packaging 
sectors are becoming increasingly keen to 
reduce the environmental impact of their 
operations. Müller says these companies 
‘are looking to replace certain processes 
that, for example, utilise a lot of water, 
whether it may be a lapping process to make 
something flatter, or a cutting process using 
a dicing saw. Laser-based technologies can 
be an alternative’. The use of laser-based 
processes might also be able to reduce 
power consumption in comparison with 
mechanical methods, or eliminate the need 
for potentially dangerous chemicals, such 
as the hydrofluoric acid used to etch holes 
in glass. 

Finally, laser-based technologies are 
easily adaptable, both in terms of the design 
features they can create and the materials 
– including metals such as aluminium, 

stainless-steel, iron and titanium, and non-
metals such as plastics, composites and 
ceramics – they can be used to process. 

Despite these advantages, laser 
technologies are often seen as a last 
resort for companies that have run into 
problems that cannot be solved otherwise, 
according to Müller. He says that, to 
appeal to companies used to the simplicity 
and reliability of mechanical methods, 
suppliers of laser-based technologies need 
to prove their systems are dependable 
and cost-effective. 

Minimising downtime
The electronics industry has very stringent 
requirements for minimising downtime. 
Müller says: ‘So, as you might imagine, in a 
$20bn semiconductor fabrication plant, if a 
line is not running because a system is down, 
it is very expensive.’ Suppliers of laser-
based technologies must therefore have 
strategies in place to mitigate this risk. They 
might need, for instance, to ensure they 
have trained maintenance personnel near 
the plant, together with a safety stock of 
spare parts. They might need to rehearse for 
worst-case scenarios, so if a failure happens 

SPARKING INNOVATION 
IN ELECTRONICS 
MANUFACTURING

Cohehrent

The miniaturisation of PCBs has led to them 
being more densely packed, meaning the process 
used to cut them from panels needs to be highly 
accurate and must create a narrow kerf

For the production of microLED displays, 
Coherent’s UV transfer process can be used for 
laser lift-off, laser-induced forward transfer and 
the trimming and/or repair of defective pixels

Coherent

12    LASER SYSTEMS EUROPE AUTUMN 2022 @LASERSYSTEMSMAG  |  WWW.LASERSYSTEMSEUROPE.COM

FEATURE: ELECTRONICS



in the field, their personnel can react quickly 
and efficiently. The design of a system might 
have to be tailored, says Müller, so ‘it will run 
without interruption for 20,000 hours, or two 
and a half years, before it has to be touched’.

Cutting costs
Proving the cost-effectiveness of laser-
based technologies can also be challenging. 
Müller says that while a mechanical tool for 
drilling holes in PCBs might cost $100,000 to 
$150,000, a laser-based system for carrying 
out the same job might cost $650,000 
to $750,000.

The high capital expenditure (CAPEX) 
associated with the laser-based system, 
however, can be offset by its increased 
efficiency and lower cost of ownership, 

compared with the mechanical option. The 
drilling tool, for example, might have up 
to six spindles, each able to drill 20 holes 
per second. The laser-based system will 
be able to drill 2,500 holes per second, 
increasing throughput significantly. Further, 
the spindles on the drilling tool might have to 
be replaced every 100 seconds after drilling 
2,000 holes, driving up costs related to 
consumables. By contrast, the laser-based 
system might need only the bare minimum 
of maintenance over a two-to-three-
year period. 

These benefits are easy to sell to 
companies that know they will be shipping 
to large chip manufacturers for extended 
periods of time. But, says Müller, for 
companies that only have an order horizon 
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“For companies used 
to the simplicity 
and reliability 
of mechanical 
methods, laser 
firms need to prove 
their systems are 
dependable and 
cost-effective”
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of six months to a year, it is more difficult to 
convince them that an investment in a laser-
based system will pay off.

Continuous innovation
It is therefore incumbent on developers of 
laser technologies to continually refine their 
systems so they can provide more benefits 
to their customers. 

Take the depanelling of PCBs, a 
task for which lasers are widely used. 
The miniaturisation of PCBs has led to 
them being more densely packed, with 
components located closer to their 
edges. Further, to increase yield, PCBs 
are being placed increasingly closer 
together on panels. 

This means the process used to cut 
them out needs to be highly accurate and 
must create a narrow kerf. Additionally, 
the process must not generate excessive 
mechanical stress or heat that might 
affect the surrounding circuitry, or debris 
that would need to be cleaned up. These 
demands are driving manufacturers away 
from mechanical depanelling methods to 
laser cutting, but many of the technologies 
used are reaching the edges of their 
technological limits. 

Overcoming limitations
Conventional carbon dioxide (CO2) lasers 
emit infrared (IR) radiation and cut by 
heating the material, but they generate a 
large heat-affected zone (HAZ), which can 
carbonise the core of the PCB, and this 
longer wavelength creates a larger spot-size 
than alternative ultraviolet (UV) wavelengths, 
creating a wider kerf. UV-based diode-
pumped solid-state (DPSS) lasers also 
create a much smaller HAZ and produce 
substantially less debris than CO2 lasers. 
They are not as fast, however.

Looking to solve these problems, 
Coherent has explored the use of its Avia 
nanosecond pulse-width, high-pulse-energy 
UV DPSS laser for cutting a variety of PCB 
materials. Based on this work, the company 

claims to have developed a PCB-cutting 
method that delivers a small HAZ, a high-
quality cut edge, a narrow kerf and high 
production throughput.

A key element of this technique is a 
proprietary method for controlling the laser 
pulses so they are delivered to the work 
surface in such a manner that heat build-
up is avoided. Because thermal damage is 
absent in this approach, it is possible to use 
a laser with substantially higher pulse energy 
when cutting thicker materials (of 1mm 
and above). 

Ensuring reliability 
The company has also worked to ensure 
the new method is reliable. Solid-state 
lasers emit IR light, so a third harmonic 
generation (THG) crystal is incorporated 
into them to convert this to UV. These 
crystals absorb UV, however, it causes them 
to degrade over extended periods of time. 
To mitigate this issue, Coherent previously 
incorporated mechanisms that would move 
the THG crystal periodically before it failed 
in a particular location. Such mechanisms 
increase the cost and complexity of the 
laser, however, and create subtle changes 
to the output power and other parameters 
of the beam that can affect the process 
each time the crystal is moved. By contrast, 
Coherent says it has developed a THG 
crystal ‘PureUV’ of such high quality and low 
UV absorption that it has a maintenance-
free lifetime of 20,000 hours at a single 
spot. This ensures process consistency and 
cuts downtime.

New applications
Developers of laser systems must also keep 
their eyes out for new applications for their 
technology in the electronics industry. Müller 

provides microLEDs as an example, which 
can be used to produce large, brilliant high-
resolution displays. In contrast to miniLEDs, 
where the sapphire growth wafer might stay 
with the LED, microLEDs need to be released 
from the wafer on which they are grown and 
are only a few micrometres in thickness. 
As a result they are very fragile, meaning 
non-mechanical processing techniques 
are required to lift them off. Deep-UV (DUV) 
excimer lasers, with their large available 
pulse energies and micron precision, are 
suitable candidates for facilitating these 
transfer steps in mass production (see Oliver 
Haupt and Jan Brune’s article on page 23 of 
Laser Systems Europe’s Spring 2022 issue 
for more details).

Müller says another growth area for 
laser processing, being driven by the 
electric vehicle market, is the annealing 
of semiconductors to produce power 
chips. The annealing process lowers the 
resistance on the backside of these chips 
and increases their performance. Using 
lasers, higher annealing temperatures can 
be generated in shorter spaces of time 
than would be possible using flash lamps or 
ovens – increasing throughput.

Future directions
But what of the future? Unsurprisingly, Müller 
expects laser technologies will have to 
continue to evolve to keep up with the need 
of the electronics industry to miniaturise its 
products. 
 He adds: ‘In some sense, quantum 
computing is also enabled by lasers. All the 
modalities that use neutral atoms or ions, or 
nitrogen vacancies in diamonds, they all use 
lasers. And so, if at some point, the silicon-
based computer runs out of steam, there is 
still quantum ahead for us.’ l

“A growth area 
being driven 
by the electric 
vehicle market, is 
the annealing of 
semiconductors 
to produce 
power chips”

g

In laser-induced forward transfer, a large-area laser beam passes through a photomask, so that only 
specific dies are released and pushed onto the display substrate. A uniform so-called top-hat beam is 
critical to the perfect placement of the dies (not to scale)

Coherent
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Matthew Dale speaks 
with specialist laser 
integrator Cyan Tec, 
on some of the latest 
development trends in 
sheet metal cutting

As the UK’s – and arguably one of Europe’s 
– biggest specialist integrators of laser 
materials processing, Cyan Tec continuously 
strives to keep itself informed on the latest 
application and technology developments, 
ensuring its solutions are as advanced and 
competitive as possible.

If the name doesn’t ring a bell, it’s likely 
because you won’t have seen Cyan Tec 
at laser trade shows such as Laser World 
of Photonics or LASYS, simply because it 
isn’t in the business of making and selling 
standard machines. Instead, it designs and 
builds extremely bespoke solutions for 
industries including automotive, nuclear, 
plastics, battery, and medical device 
manufacturing. Such solutions are so 
customised and tightly wrapped up in NDAs, 
that exhibiting them would be in direct 
contradiction of its raison d’être – giving 
its customers a competitive edge in their 
respective markets. 

Which is why Cyan Tec was an excellent 
source to consult on the latest development 
trends in laser sheet metal processing, 
despite it not being set to attend the 
upcoming EuroBLECH sheet metal trade fair 
in Hanover, Germany, next month.

Bigger sheets, bigger systems
The first development trend highlighted by 
Tony Jones, Cyan Tec’s managing director, 
is that sheet metal of increasing size is being 
used more commonly throughout certain 
industries, and that laser systems emerging 
on the market are responding to this.

‘Take flatbed sheet cutting for example, 

we can see that these types of machines 
have been increasing in size in recent years,’ 
he began. ‘For example, both Bystronic and 
Trumpf – leaders in this field – now offer 
their ByStar Fiber 8025 and TruLaser 3080 
systems respectively, each capable of 
processing sheets up to 8m long and 2.5m 
wide. Now, while they have always had the 
capability to make these XXL format flatbed 
cutters, the demand won’t have been there 
previously to justify making them. So the 
fact that these systems are now becoming 
available shows there’s definitely an uptick 
in the number of requests for larger sheets.’

However, as previously stated, Cyan 
Tec is in the business of making advanced 
bespoke solutions, and so has been able 

STAYING AT THE 
CUTTING-EDGE OF 
DEVELOPMENT

g

“More XXL systems 
becoming available 
shows there’s 
an uptick in the 
number of requests 
for larger sheets”

to respond to the more extreme end of this 
demand for increasing sheet size. 

‘We recently completed a system for the 
construction industry capable of processing 
sheets 12m long and 4m wide,’ said Jones. 
‘Now while these types of projects don’t 
come along often, we’re definitely seeing an 
increase in their frequency.’ 

Part of the reason for this, he explained, 
could be that not only has sheet metal 
material decreased in cost over the past 
decade or so, but the forming technologies 
for producing larger sheets – such as 
hydroforming and servo-driven press 
systems – have progressed considerably in 
terms of their capability. 

‘I’d say it was around six or seven years 
ago that we started to see larger sizes 
of sheet metal becoming available, and 
I imagine this has taken a few years to 
trickle down to the structural architects 
that actually incorporate them in their 
designs,’ Jones continued, citing that the 
construction and shipbuilding industries 
are good examples of where a lot of these 
enquires for larger sheets are coming from.

‘Traditionally in shipbuilding you would 
have had a hull made of say 200 sheets of 
metal, this can now be done using 20 much 
larger sheets,’ he said. ‘The advantage 

Robotics are frequently included as part of Cyan Tec’s automated sheet metal processing solutions
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of this is that not only are less parts 
required, but shorter durations of skilled 
welding labour (which itself is becoming 
increasingly scarce) are required to join 
these sheets together. Similarly, in the 
construction industry, more steel buildings 
are going up in prefabricated “flat pack” 
formats, for example at distribution parks. 
There is no longer as much need for big 
machines pouring lots of concrete under the 
foundations anymore, or for using concrete 
pillars and lots of brick work. These prefab 
buildings – big steel structures with lots of 
metal composite cladding on the outside 
– can be put up quickly and efficiently, and 
for far less expense than traditional building 
methods/materials. So I think between 
industries such as these, that’s why we’re 
seeing demand for bigger sheet metal 
cutting machines emerging.’

Variable beams for awkward materials
Another development in sheet metal 
processing is the introduction of laser 
sources with variable beam modes, 
according to Jones.
‘Quite a lot of laser companies are now 
pushing this technology,’ he said. ‘Everyone 
has their own name for it – BrightLine, 
VariMODE, AMB, Corona, ARM, Locus Beam 
Control etc – but essentially it allows you 
to push different spots sizes down a single 
fibre to produce a beam shape with an 
inner and outer core, each of which you can 
adjust the intensity of. This has proven to 
be very useful for laser cutting, as it allows 
us to pierce through thick materials with a 
very small spot size – using the inner core 
– and then slowly open that up by putting 
power into the outer core to get a decent 
kerf width. So for us it’s been quite useful 
for cutting not only thick materials, but also 
awkward materials that can’t be cut as easily 
as others, such as mild steels. This has 
definitely opened up some new applications. 
Again, to use the construction industry 
as an example, with them trying to go for 
increasingly flat-pack, modular builds, they 
want to produce steel structures that can 
be slotted and bolted together – rather than 
needing lots of welders on site. Part of this 
involves cutting slots into section beams, 
which are typically made of quite thick 
cruddy material that isn’t very nice to cut. 
So here they can use the small inner spot to 
get that initial pierce through and then put 
more power into the outer core to complete 
the rest of the cut, and so this is making this 
type of application easier.’

Jones added that not only is the 
construction industry looking to use lasers 
like this to produce modular steel structures 
that can be delivered to the site and erected 
rapidly, but they are even showing interest in 
performing some of the cutting on-site. ‘At 

recent construction seminars I’ve seen them 
wanting to do everything on location, which 
would involve delivering a laser system in 
the back of a lorry and doing everything 
there and then. Now I don’t know whether 
this will take off at all, but it’s one of the 
topics I’m seeing discussed more and more.’

Power creep
Of course, a development trend that’s 
hard to ignore in sheet metal processing is 
that not only are laser sources becoming 
more innovative, but also more powerful – 
systems up to 20kW+ are now available. 

‘These systems enable higher productivity 
when cutting sheets all the way up to 
50mm in thickness, however I can’t see this 
becoming extremely popular in the sheet 
metal processing industry due to most of 
the jobs being doable with a sub-10kW 
laser,’ said Jones. ‘Yes, each part might 
take 20 seconds longer to cut, but at the 
end of the day there’s a limit to how quickly 
you can load and unload sheet metal from 
a machine. If there’s very, very high-volume 
production of thicker sheets required, then 
these high-power systems will certainly find 

their place. However, in the meantime, most 
mass sheet metal production is generally 
done with much thinner sheets that require 
lower powers to cut anyway.’

One thing that’s certainly happening 
though as a result of this power creep, 
according to Jones, is that ‘medium’ power 
lasers (those around 8-12kW) are becoming 
available for less cost, which is of course 
having a beneficial impact on the user.

‘Those who need an 8kW laser can now 
likely afford a 12kW laser for not much 
more investment, which will give them 
not only faster cuts, but offer them more 
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“Traditionally a ship 
hull would be made 
using 200 sheets, 
this can now be 
done using 20 much 
larger sheets”

As an integrator Cyan Tec brings together components from a range of providers, such as this cutting 
head from Precitec, to build bespoke sheet metal processing solutions for its customers
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“What we’re seeing 
is demand for more 
flexibility: systems 
that can weld, clean, 
and mark as well as 
cut”

flexibility down the line should they need 
to process thicker materials,’ said Jones. 
‘For us – being on the more bespoke side of 
the laser business – where we have had the 
occasional application where 10kW+ powers 
are required – having the price of such 
powers having come down in recent years 
has certainly been of great benefit.’

Smarter optics
But it’s not just the laser sources themselves 
increasing in power and coming down 
in price, Jones continued. ‘The other 
development that’s really helped us is the 
availability of much higher power optics – 
the process heads we’re using for cutting,’ 
he said. ‘So around 10 years ago, while 
10kW+ lasers were available, the most we 
could really wield was 6kW as that was 
the highest level of cutting optic we could 
get. Now we’re seeing cutting heads from 
various suppliers that are going up to 
15-16kW as more the norm now. So where 
we do need to cut very thick sheets, this 
is becoming much easier now due to the 
increased availability of these higher-power 
optics.’

In addition to being able to wield higher 
powers, cutting heads are also getting a lot 

smarter, which for Cyan Tec as an integrator 
enhances the level of automation it can offer 
as part of its bespoke solutions.

‘This is particularly good as it enables 
us to use robotics more when designing 
systems,’ said Jones. ‘The reason for this is 
that we’ve found that while robots are very 
repeatable, they aren’t particularly accurate. 
For example, if I told a robot to go 103mm 
left and 6mm up, it might go 102.5mm left 
and 5.5mm up, just because of how many 
elements are involved in its motion. But 
what’s happening now is that with advancing 
vision and optical sensing technology, laser 
optics are becoming more intelligent. So 
now if we direct a laser head to cut a part, 
it can now be positioned approximately 
next to the part, and then automatically 
adjust and align the beam paths to process 
it with the required accuracy. This means 
we can increasingly use robots that are not 
necessarily accurate themselves. So that’s 
certainly a development that’s had a big 
impact on us.’

Furthering flexibility
The final trend shared by Jones was that, 
as customers have become more aware of 
the capabilities of laser technology, they are 
now looking for laser processing systems 
that offer more than one type of application.

‘What we’re seeing is demand for more 
flexibility: systems that can weld, clean, 
and mark as well as cut – rather than those 
offering just one process,’ he said, citing 
battery manufacturing as an example of 
where this demand is seen – where copper/
aluminium components cut from sheet 
metal must then be cleaned, welded and 
marked. 

‘This offers a number of advantages,’ he 
continued. ‘Firstly, having single systems 
performing multiple applications takes 

up a lot less floor space on the factory 
floor and requires a lot less capital 
investment. Secondly, by buying say two 
or three of these flexible laser cells and 
transporting parts between them, rather 
than having a single production line with 
multiple machines along it, customers 
make themselves much less vulnerable to 
stoppages. If a fault occurs on a continuous 
production line, the rest of the line ceases 
to operate. With two or three of these 
flexible laser cells, each offering multiple 
applications, the likelihood of production 
ceasing entirely is minimised, as any 
application that faults could be easily carried 
out on another machine. In addition, with 
the increasing advancement of automated 
guided vehicles (AGVs), it is now possible 
to transport parts between laser cells with 
increasing levels of autonomy, and so this 
modular approach is becoming just as easily 
automatable as conventional production 
lines.’ 

In terms of the laser sources used in 
such flexible cells, Jones explained that 
while the vast majority of the processes 
can be carried out using a single 1,064nm 
fibre laser source with interchangeable 
processing heads, in certain applications 
– again, using battery manufacturing as 
an example – there may be other sources 
better suited to the job. 

‘Blue diode lasers and green disk 
lasers, which have emerged over the past 
fours years or so, are excelling in certain 
applications involving reflective metals such 
as copper and aluminium. Therefore, if the 
customer wants them and is happy to pay 
the premium for these additional sources, 
they can of course be integrated alongside a 
fibre source in these flexible laser cells,’ said 
Jones. ‘These sources are quite specialised 
however, and so won’t be used for much else 
other than applications involving copper/
aluminium. Therefore, if these materials 
only make up a small portion of what a 
manufacturer is required to process, then 
they are likely better off sticking with fibre 
lasers, which can process these materials – 
arguably not quite as efficiently – as well as 
other materials such as steels and carbon 
composites, etc.’ l

Cyan Tec has developed a bespoke flatbed solution for processing 
extra-large steel sheets: 12m long and 4m wide

A fibre laser based sheet metal cutting 
application developed by Cyan Tec
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 Jan Keuntje and Peter Jäschke, of 
the Laser Zentrum Hannover, have 
developed a macroscopic finite element 
model to help establish laser cutting in 
serial CFRP component production

The demand for carbon fibre 
reinforced plastics (CFRPs) has 
continued to grow in recent 
years1. CFRPs are particularly 
suitable for use in lightweight 
construction due to their high 
specific strength and low density. 

The choice of components and 
layer arrangements enables the 
mechanical properties of CFRPs 
to be adopted and optimised 
according to the intended load 
case. The Airbus A350 is a good 
example of the increased usage 
of CFRPs as a construction 
material, with more than half of 
its components being made from 
them. However, the fabrication 
of CFRP parts is still challenging 
when looking to achieve highly 
automated series production.

The benefits of laser  
cutting CFRPs 
Conventional manufacturing 
processes, such as milling, have 
disadvantages in that forces are 
introduced into the workpiece 
during machining. This leads 
to high tool wear due to the 
high hardness of the carbon 
fibres, and can further result in 
inadequate quality. 

As an alternative, laser-based 
cutting has shown promise. The 
laser operates without contact 
and is therefore practically force- 
and wear-free. In addition, laser 
machining offers a high degree 

of automation potential. However, 
the effects of laser cutting have 
not been adequately studied. 
Thus, strength and service life are 
only predictable to a small extent. 

The main challenge is the 
formation of a distinctive heat-
affected zone (HAZ) during 
the cutting process caused by 
the absorbed laser radiation2. 
The heterogeneous build up of 
CFRPs, the different properties 
of the carbon fibres, and the 
matrix material are the reason 
for this phenomenon. Heat 
flows away from the cutting 
kerf along the carbon fibres, 
which have a significantly higher 
thermal conductivity than the 
matrix. At the same time, the 
decomposition temperature 
of the matrix is much lower 
than that of the fibres. This can 
lead to heat-affected areas in 
the matrix around the cutting 
zone, depending on the fibre 
orientation. The consequences 

However, a mesh resolution in the 
micrometre range is necessary 
to distinguish between the two 
composite components. This 
is accompanied by a high effort 
in modelling and calculation. 
Hence, this approach is limited to 
small volumes.

For process development 
and analysis of the global 
temperature during laser 
processing, simulation on a larger 
scale is required. Therefore, a 
macroscopic simulation model 
has been used, which addresses 
the machining of larger 
volumes in the range of cubic 
centimetres. For this approach, a 
homogenised material model was 
used, with the material properties 
being implemented through the 
aid of the so-called laminate 
theory5. This takes into account 
the proportions of both materials 
according to the fibre volume 
fraction and the orientation of the 
individual layers in the composite. 
This way, the global material 
behaviour is represented without 
the detailed distinction between 
fibre and matrix. This approach is 
suitable for the spatially resolved 
representation of the generated 
heat and thus the HAZ in a higher 
order of magnitude.

Another challenge is the 
implementation of the laser 
beam as a heat source. Usually, 
a pulsed laser and a multi-pass 
cutting strategy are applied 
for the laser cutting of CFRP. In 
this specific case, a TruMicro 
7050 nanosecond pulse laser 
from Trumpf is used with a 
pulse duration of 30ns and a 
maximum pulse energy of 80mJ. 
The implementation of each 
individual pulse in the simulation 
environment has decisive 
disadvantages in the context of 
consideration on a component 
scale. Depending on the cutting 
length and velocity, the number of 
resulting pulses is huge, because 
the laser operates in the kilohertz 

Modelling the laser cutting of 
carbon fibre reinforced plastics

of the HAZ in terms of strength 
loss can be determined 
experimentally by destructive 
methods3,4. To reduce time and 
resource consumption during 
pre-testing, the goal should be 
to predict the formation of these 
HAZ beforehand and adjust the 
process strategy accordingly, or 
to adapt the part design. 

A reliable prediction, which is 
not available yet, is therefore a 
basic requirement to establish 
laser cutting in serial CFRP 
component production.

Creating a macroscopic 
simulation
Consequently, a three-
dimensional finite element model 
has been developed at the Laser 
Zentrum Hannover (LZH). The 
numerical simulation model 
aims to project the temporal and 
spatial evolution of temperature 
fields during the laser cutting 
process on a macroscopic scale. 
The simulated temperature 
distribution should allow a 
prediction of the expected HAZ.

Characteristic for composite 
materials, such as CFRP, are the 
anisotropic material properties, 
which have to be considered 
in developing the model. One 
way to handle this is with a 
heterogeneous modelling 
approach, separating realistically 
between the fibre and matrix. 
These kind of models are very 
useful to observe the formation 
of the HAZ itself and to analyse 
the exact ablation mechanisms. 

“The model 
aims to project 
the temporal 
and spatial 
evolution of 
temperature 
fields during 
the laser cutting 
process”
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range. Additionally, the mesh size 
has to be set according to the 
ablation depth of a single pulse, 
which depends on the optical 
and thermal penetration depth of 
the material. This would, in turn, 
result in a microscopic approach 
and would lead to undesirable 
computational effort. Based 
on this – and due to the high 
frequency of 18.8kHz that is 
used – the process is simulated 
as a continuous-wave process. 
A moving heat flux is used as a 
boundary condition. 

The energy provided by the 
laser during a single pass is 
summed up and is then uniformly 
applied to the cutting area, step 
by step. Elements that exceed 
the sublimation temperature of 
CFRP, which is estimated to be 
3,650°C6, are deactivated from 
the model after every calculation 
step to simulate the ablation 
process. To realistically determine 

both the resulting temperature 
distribution and the ablated 
volume, the element sizes and 
the computational step sizes 
were adjusted in an iterative 
process, comparing simulation 
results with experimental data. 
The longer the computational 
steps size, the longer heat can 
conduct from elements into the 
adjacent material until they get 
deactivated, even if they already 
exceed the corresponding 
temperature. Thus, the step 
size can be used as an iterative 
parameter, as well as the element 
size, which is mainly responsible 
for the ablated volume. It has to 
be taken into account that both 
parameters have an influence on 
the temperature distribution.

For experimental comparison, 
the process temperatures 
are measured with the help 
of thermographic imaging. 
The recorded data is heavily 

influenced by process emissions, 
so the comparison focuses 
on the cooling phase after a 
laser repetition. An example for 
the comparison of simulated 
and measured temperature is 
presented in figure 1. The graphs 
show the temperature profile 
after a single laser passes over 
the specimen for two different 
scanning velocities (1 and 3m/s) 
at a 75µm distance next to the 
cutting edge. The zero point of 
the x-axis was set equal to the 
beginning of the cooling phase 
(laser off). The curves show 
a good agreement between 
experiment and simulation. In 
this case, unidirectional CFRP 
was used, which means all layers 
(and thus fibres) are orientated in 
the same direction. These cuts 
were performed along the fibre 
direction, so hardly any HAZ could 
be found. Hence, further cuts 
were carried out under a cutting 
angle of 90 degrees to the fibre 
orientation. The cutting velocity 
of 0.5m/s was deliberately 
chosen to create a visible HAZ. 

The right side of figure 2 
shows a magnified image of the 
associated cutting result, where 
the HAZ can be easily observed 
in the form of exposed fibres 
and discolorations. Next to this, 
the corresponding simulation 
result is shown as a temperature 
plot in the same scale. The 
200°C-isotherm, representing 
the damage temperature of 
epoxy, is used as an indicator for 
the expected extension of the 
HAZ. While the current model 
likely overestimates the HAZ on 
the surface, it should be noted 
the visible HAZ corresponds 
to a minimum extension of the 
HAZ. Further damages are likely 
and could be visualised in a 
cross section.

Outlook
The evaluation of the model has 
to be further continued through 
experimental comparison. So 
far, the capability of the model 
is limited to a small number of 
laser beam passes. Increasing 
the number of passes should 
soon be achievable with 
programming effort.

Furthermore, the range of 
validity of the model needs 
to be further investigated for 

“More than half 
the components 
in an Airbus 
A350 are made 
from CFRPs”

Jan Keuntje is a research associate 
in the field of laser processing of 
polymer and composites at LZH.

Peter Jäschke is head of the 
production and systems department 
at LZH.

a wider range of parameters, 
like the cutting velocity and 
laser power. It needs to be 
elaborated if the iterative 
chosen parameters (especially 
the time step size), have to be 
adjusted for a wider range of 
experimental parameters. 

For further investigations we 
plan to add thermocouples on 
the top and bottom surfaces 
and even within the material 
to gain more data about the 
spatial temperature distribution 
within the compound structure. 
This is to go beyond a surface 
temperature measurement and 
to provide more knowledge 
about the heat flow, or rather 
the thermal conductivity, of the 
investigated material. l
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Figure 1: Comparison between measured and simulated temperature 
progression for different cutting velocities (blue: vcut = 3m/s, red: vcut= 1m/s) 
at a distance of s = 75μm away from the kerf

Figure 2: Top view of the cutting result after a single repetition with Vcut= 
1m/s at 90° to the fibre orientation. Left: Simulated temperature plot with 
expected HAZ. Right: Microscopic image of the cut with visible HAZ
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Michael Hustedt, Oliver Seffer and 
Alexander Hilck, of the Laser Zentrum 
Hannover, on how to enclose a high-
power joining process for steel plates 
up to 30mm thick

In addition to conventional 
welding, laser-arc hybrid welding 
processes have recently been 
used in the maritime sector for 
existing joining tasks. When 
steel plate thicknesses exceed 
12mm, however, no new 
welding processes have been 
established, leaving considerable 
need for innovative, efficient 
joining technologies. 

The introduction of a high-
power diode laser beam source 
with an optical output power of 
up to 60kW (LDF 60.000-200, 
Laserline) creates promise for 
using new, robust laser welding 
processes for high-quality 
joints in the thick sheet range 
up to 30mm at high speeds. 
Such processes are now being 
developed through close 
cooperation between industrial 
and scientific partners1. 

In tandem with developing 
such processes, a concept for 
ensuring laser safety has to be 
determined that will adequately 
protect personnel in the vicinity 
of the operation. In particular, the 
strong scattered radiation from 
the laser process zone has to be 

considered2 to comply with the 
exposure limit values not only 
for the eye (ELVeye), but also for 
the skin (ELVskin), according to 
Directive 2006/25/EC. 

The extent and spatial 
distribution of the scattered 
radiation emission has therefore 
been determined3, and the 
thermal load of the vicinity of the 
process zone estimated4 using 
a simple mathematical model, 
yielding distance-dependent 
average temperatures of the 
material of the local shielding. 
Here we have derived and 
provided recommendations 
for the design of the 
protective enclosure.

Welding and measurements
To analyse the radiation scattered 
from the process zone, a 
set-up with five photodiodes 
(measuring range 900-1,700nm) 

without a powder bed served as 
the weld pool backing. To reduce 
the number of measurements, a 
symmetry plane was assumed 
perpendicular to the feed 
direction, which in fact represents 
a rough approximation.

To determine the total power 
PR of the laser radiation scattered 
from the process zone into the 
hemisphere above the sample, 
the measurement data for the 
scattered radiation at a distance 
of 500mm (as shown in figure 
2) were used. PR was obtained 
by integrating the irradiance E 
measured as a function of polar 
angle θ and azimuth angle φ. 
Since only discrete E values 
were measured, the integration 
is approximated by a weighted 
summation of the values. The 
total power PR for the selected 
process was calculated in this 
way to be 4,605W.

Safety recommendations for 60kW 
thick-plate welding in the maritime sector

“A local 
shielding, 
adapted to the 
processing head, 
is required to 
protect against 
scattered 
radiation from 
the process 
zone”

was used, enabling a systematic 
measurement as a function of the 
observation direction, as well as 
depending on the distance from 
the process zone (see figure 1).

Typically, an output power 
of 56kW was used to achieve 
optimised process conditions, 
corresponding to deep-
penetration welding with a very 
large weld pool due to the large 
focal diameter of 4mm obtained 
with the optical configuration1.

Exemplarily, figure 2 shows 
the results of scattered radiation 
measurements for butt welding 
trials with filler wire (wire diameter 
1.2mm) on 22mm-thick, surface-
milled steel plates with the 
following process parameters: 
laser beam power 56kW, feed 
rate 1m/min, wire feed rate 20m/
min, and focal position 0mm (top 
of plate). In this case, a ceramic 
rail with a 6mm-wide groove 

This article was co-authored 
by Marius Lammers, Sarah 
Nothdurft, Jörg Hermsdorf 
and Stefan Kaierle, of the Laser 
Zentrum Hannover

Figure 1: Set-up with five photodiodes, represented by the blue objects, for 
scattered radiation measurements during welding2
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Temperature evolution of a 
potential shielding
With known PR values, the 
average temperature Tav of 
a hemispherical protective 
enclosure can be estimated 
as a function of the process 
time t for a defined protective 
shielding material. The basis of 
this estimation is the 3D heat 
equation, taking into account 
the radiation from a uniformly 
emitting point source, namely 
the welding process zone, in 
the centre of the sphere, as well 
as the temperature-dependent 
heat radiation emission 
from the two surfaces of the 
shielding with the emissivity 
values εin and εout. Ignoring heat 
conduction and heat transfer to 
the surrounding gas phase as 

energy dissipation mechanisms, 
the 3D heat equation can be 
solved analytically4.

For the calculation, a 
hemispherical shell made of 
2mm-thick aluminium with 
an inner radius r = 500mm, 
corresponding to a diameter 
d = 1.0m was assumed. The 
result is shown in figure 3 for 
four values of the scattered 
radiative power PR. The dashed 
lines in the diagram illustrate the 
expected linear heating when all 
energy dissipation mechanisms 
are ignored – that is, also heat 
radiation. In this model, the 
averaged limit temperature Tmax is 
dependent only on the diameter 
of the shielding d, the scattered 
power PR, the emissivity values 
εin and εout, and the starting 

temperature T0, as given by the 
following equation: 

The material properties’ 
specific heat capacity, density, 
surface emissivity values as well 
as material thickness determine 
the speed of the resulting 
temperature rise.

According to this model, the 
melting temperature of the 
aluminium is not reached by far. 
For PR = 4,605W, an averaged 
maximum temperature of 
Tmax = 154°C is obtained under 
the given boundary conditions. 
For instance, an increase of the 
dimensions of the protective 
shielding or the emissivity on 
the outside of the shielding, or 
a decrease of the emissivity on 
the inside of the shielding, can 
contribute to a reduction in the 
resulting thermal load.

Recommendations for safety 
measures
It is to be expected that 
temperatures critical to the 
components of the protective 
shielding can be reached during 
processing. Thus, the need for 
active cooling of the shielding 
– for example, water cooling – 
arises. Furthermore, sensitive 
parts within the enclosure – 
including the laser processing 
head – must be carefully selected 
and protected, for example, by 
special heat protection covers 
to avoid overheating and any 
resulting damages. In the end, 
an effective dissipation of the 
thermal energy introduced into 
the protective shielding can also 
serve to protect employees in 
the work area against thermally 
induced skin burns upon direct 
contact, or due to intense 
heat radiation.

Due to the size and weight of 
the steel plates to be welded, 
the manufacturing hardware 
containing the laser processing 
head, as well as the local 
shielding, has to be moved over 
the parts. Consequently, it is 
unavoidable that a residual gap 
remains below the shielding, 
which must be kept as small 
as technically possible. It is 
recommended to block any 

Michael Hustedt and Oliver Seffer 
are research assistants at the LZH.

Alexander Hilck is the 
Niedersachsen Additiv project leader 
at the LZH.

escaping scattered radiation by 
bristles made of carbon fibres, 
for example, which are thermally 
stable and can be drawn over 
the steel plates. In addition, the 
probability of stray radiation 
escaping from the enclosure can 
be reduced by a sheet metal skirt 
with high surface roughness at 
the lower end of the shielding. 

In summary, the authors believe 
welding using high-power diode 
laser radiation, with up to 60kW 
of power, can be realised safely 
in terms of occupational health 
and safety by implementing 
the measures described. The 
required development work is 
currently being planned by the 
partners involved. l
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Figure 2: Polar contour diagram to visualise the irradiance E emitted from 
a butt welding process (weld pool backing: ceramic without powder), using 
filler wire (process parameters in the text)2

Figure 3: Evolution of the temperature Tav of a hemispherical shielding as a 
function of the irradiation time t for four different powers PR, incident from 
a uniformly emitting point source in the centre of the sphere, representing 
the laser process zone2. Aluminium, thickness s = 2mm, melt temperature 
TM = 660°C, density ρ = 2.70g/cm³, specific heat capacity cs= 897J/(kg K), 
emissivity εin = εout = 0.2
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Dr Michael Jarwitz, of the 
University of Stuttgart’s IFSW, 
highlights the need for a single 
tool capable of highly versatile 
and adaptable manufacturing

Numerous manufacturing 
paradigms have evolved in recent 
years, from mass personalisation1 
to Industry 4.02, or more recently 
software-defined manufacturing 
(SDM)3. A trend can be 
observed in almost all of these 
paradigms that leads towards 
increasing product variety and 
correspondingly smaller batch 
sizes, while simultaneously 
aiming for lower prices and 
shorter time to market. This 
trend, often referred to as ‘batch-
size 1’, is still ongoing and poses 
a challenge for manufacturers as 
it leads to constantly changing 
requirements for both the 
products and their production, 
which manufacturers have 
to cope with. This requires 
manufacturing environments 
that are highly versatile, fully and 
easily adaptable, and efficient at 
the same time.

Most of the existing paradigms 
focus on the manufacturing 
system as a whole to address this 
challenge, which is, of course, an 
important aspect. However, the 
machine tool itself must also be 
versatile and adaptable. Such a 
‘universal manufacturing node’4 
is considered as one of the key 
enablers for SDM. 

The laser is a very promising 
tool for such a universal 
manufacturing node. In 
principle, it is possible to cover 
processes from all six main 
manufacturing groups of the 
German standard DIN 8580, 

using the laser as a tool and 
only changing a few processing 
parameters5. This opens up 
the opportunity to develop a 
universal manufacturing node 
that utilises the combination of 
laser-based processes on one 
machine for highly versatile 
and adaptable manufacturing. 
However, there is still 
considerable need for research 
in the field of corresponding 
system technology.

Key technologies for a universal 
laser machine
The Advanced Manufacturing 
junior research group, at the 
Institut für Strahlwerkzeuge 
(IFSW) at the University of 
Stuttgart, is working on the 
research and development of 
the key technologies for such 
a universal laser machine. This 
interdisciplinary group has been 
established within the Innovation 
Campus Future Mobility 
(ICM), and the work is jointly 
conducted between the IFSW, 
the Institute for Machine Tools 
(IfW), and the Institute for Control 
Engineering of Machine Tools and 
Manufacturing Units (ISW), also 
at the University of Stuttgart, as 
well as the Institute of Production 
Science (wbk) of the Karlsruhe 
Institute of Technology (KIT). 

We mainly consider remote (or 
remote-capable) laser processes, 
since they are best suited to 
exploit the versatility of the 
laser, as their use minimises the 
need for additional hardware, for 
example, auxiliary equipment for 
the supply of process gases or 
filler material. Moreover, we focus 

material consumption and 
experimental effort.

•  Adaptable process 
diagnostics: reliable online 
quality monitoring for different 
laser-based manufacturing 
processes and changing 
boundary conditions requires 
adaptable process diagnostics.

Current challenges and 
research needs
There are currently still some 
challenges to overcome in 
the development of these key 
technologies for a universal 
laser machine. The following is a 
brief overview of the challenges 
and corresponding research 
needs we will address within our 
research group.

A universal laser manufacturing 
node enables the realisation of 
a large variety of versatile and 
adaptable process chains, since 
a large variety of different laser 
processes is accessible on one 
machine. The technological 
interactions between the 
involved processes must be 
taken into account to derive an 
optimised process chain. This 

Towards a universal laser machine 
for batch-size 1 production

on a machine for the processing 
of metals as a first step towards a 
fully universal laser machine.

We have identified five key 
technologies required in the 
development towards a universal 
manufacturing node:
•  Laser-based process 

chains: knowledge about the 
technological interactions in 
laser-based process chains is 
required to derive optimised 
production sequences.

•  Control architecture: an ‘on-
the-fly’ reconfiguration of real-
time applications and real-time 
networks is required to ensure 
seamless switching between 
the different laser-based 
manufacturing processes.

•  Kinematics: highly dynamic 
and precise kinematics are 
required to realise the different 
laser-based manufacturing 
processes on one machine and 
utilise their full potential.

•  Parameter prediction models: 
models for the prediction 
of process parameters for 
the different laser-based 
manufacturing processes 
are required, minimising time, 

Figure 1: The conceptualised Universal Laser Machine, 
capable of highly versatile and adaptable manufacturing
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is already known from process 
chains using mainly conventional 
manufacturing processes, such 
as casting, milling or turning6. 
For laser-based process 
chains, however, there is little 
known about the technological 
interactions between the 
processes so far, and the 
existing knowledge is mainly 
limited to the combination of 
two laser processes. Therefore, 
the technological interactions 
between laser processes have 
to be investigated to expand 
this knowledge, especially for 
process chains comprising 
more than two laser processes. 
Furthermore, this knowledge 
must be made accessible in 
a digital form to support the 
optimisation of laser-based 
process chains.

Such versatile and adaptable 
process chains also require 
a control architecture that 
supports easy and seamless 
switching between the different 
laser processes on the fly. This 
includes exchanging the real-
time control applications and 
reconfiguring the corresponding 

real-time network, since every 
process needs a different 
set of control applications to 
run. Preferably, a distributed 
control system patterned after 
a cyber-physical production 
system (CPPS)7 architecture 
should be used for this. For 
uninterrupted switching between 
the laser-based processes, a 
reconfiguration of the real-time 
network without interrupting the 
communications is crucial to not 
affect any other currently running 
or future process on the machine. 
This requires a specialised 
concept and operations for the 
rescheduling of the real-time 
network8 that will be further 
developed and implemented. 

The large variety of different 
laser processes and laser-based 
process chains also leads to 
a wide range of processing 
parameters that have to be 
covered by the machine. 
Required processing speeds 
can range from a few m/min 
up to an order of magnitude 
of 1,000m/s (especially for 
processing with ultrashort-pulsed 
lasers9), while required laser 
spot diameters can range from 
some tens of micrometres up to 
a few centimetres. Furthermore, 
the machine should allow for 
the processing of 3D-parts 
of different shapes and sizes 
within a processing volume 
of up to some cubic-metres. 
The currently used kinematic 
systems cannot meet all of these 
requirements simultaneously, 
but are limited in at least one 
of the aspects, for example, 
in their dynamics and/or the 

processing volume. Therefore, a 
novel design of the kinematics is 
required, specifically tailored for 
laser-based manufacturing that 
considers the special properties 
of light as a manufacturing tool, 
instead of using kinematics 
systems designed for mechanical 
machining processes.

With the trend towards 
batch-size 1, every part to be 
manufactured might be different, 
which means the optimum 
process parameters for a new 
part might also be different every 
time, and have to be determined 
anew. A model-based procedure 
is assumed to be suited best 
for this parameter estimation 
task to minimise the associated 
experimental effort, time and 
costs. The approach is to use so-
called ‘hybrid models’, which are 
a combination of physics-based 
models (for example, analytical 
or simplified numerical models), 
and data-based models (machine 
learning). This approach can help 
to make the models more reliable 
and robust, to compensate for 
physical effects that are too 
complex or too computationally 
expensive to be modelled 
explicitly, while simultaneously 
reducing the amount of required 
training data for the machine 
learning models.

Quality monitoring is 
another important aspect of 
manufacturing and should ideally 
be carried out directly online. For 
a universal manufacturing node, 
this requires a monitoring system 
that can easily be adapted to the 
various processes. Ideally, a lean 
set-up should be used, which 

“It is possible 
to cover 
processes from 
all six main 
manufacturing 
groups using the 
laser as a tool”

Dr Michael Jarwitz is head of the 
Advanced Manufacturing junior 
research group at the University of 
Stuttgart’s IFSW 

contains only a small number of 
different sensors. It turns out that 
a large part of the considered 
quality features can be roughly 
separated into ‘surface defects’ 
and ‘inner defects’. A promising 
sensor combination for this is 
the combination of a scanning 
optical coherence tomography 
(OCT) system and a scanning 
pyrometer. Another important 
aspect to ensure reliable online 
quality monitoring is suitable 
data processing methods, 
which will also be part of our 
group’s research.

Future work
The previously described 
research topics will be the 
main focus of the Advanced 
Manufacturing junior research 
group’s work over the coming 
years. Future progress and 
results in these research 
topics will represent an initial 
step towards a universal 
laser manufacturing node 
and contribute towards 
its development. l
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Paul Butler-Smith and Tian Long See, 
of MTC, demonstrate how the surface 
friction of stainless-steel medical 
tools can be reduced using pulsed and 
ultrashort-pulsed laser processing

The development of ultrashort-
pulsed lasers over the past 
decade has enabled significant 
advances in the functional 
performance of engineered 
surfaces to be realised for a 
wide range of applications. This 
includes areas such as surface 
friction, tactile behaviour, 
anti-wetting and icing, light 
absorption, bacterial formation 
and more.

The design, generation and 
evaluation of such surfaces, 
complemented with advanced 
laser machining and laser-
assisted metal joining, forms 
a significant part of the laser 
processing capabilities 
offered by the Manufacturing 
Technology Centre (MTC) 
in Coventry, one of UK’s 
High-Value Manufacturing 
Catapults, which work with 
thousands of companies each 
year to boost the country’s 
manufacturing performance.

As part of investigations for 
the European Horizon 2020 
SHARK project, the MTC, in 
collaboration with Fraunhofer 
IWS and Johnson and Johnson, 
designed textures and 
developed laser processes for 
application on stainless-steel 
scalpel blades for the reduction 
of friction and improvement 
of cut quality. To enable the 
production of a wide range of 
groove geometries, both direct 
laser interference patterning 
(DLIP) and direct laser writing 
(DLW) processes were employed 
on independent laser systems. 
Schematic diagrams of the 
two arrangements are shown 
in figure1.

Micro-texturing using the 
DLIP process was carried out 
using a TECH-1053 solid-state, 
near-infrared nanosecond 
pulsed laser by Laser Export. 
The optical path incorporates a 
DLIP module (Fraunhofer IWS, 
DLIP-µFab), which enables direct 
laser interference patterning 
by splitting the beam using 

axis galvo scanner and beam 
focusing optics.

The range of groove texture 
designs (three DLIP and 14 DLW) 
were produced on polished 
316 stainless-steel coupons 
for tribology testing and on one 
side of the selected scalpel 
blade profile, oriented parallel 
and perpendicular to its long 
cutting edge.

The friction tests were carried 
out using a laboratory tribometer 
on the produced coupons at 
an applied load of 1N using 
a natural polyurethane block 
of 1cm3 as the counterpart 
material. The friction results 
were compared with those of 
untextured polished plates to 
provide a reference. The tests 
revealed significant reductions 
in contact friction for a number 
of the texture designs in both 
the parallel and perpendicular 
texture orientations. The best 
performing DLIP-produced 
textures achieved reductions in 
the coefficient of friction of up to 
32 per cent, while the best DLW-
produced textures achieved 
reductions of up to 17 per cent.

Using a bespoke test rig, 
cutting tests were carried out 
under controlled conditions 
on each of the DLIP and DLW 
textured scalpel blades, and on 
untextured reference blades. 

Improving scalpel blade cut quality 
using laser surface texturing

a diffractive optical element, 
parallelisation of the beam 
using a biprism arrangement, 
and convergence using an 
aspheric converging lens. A 
line-like interference pattern 
is created in the overlapping 
volume (interference volume) of 
the beams, with a pattern period 
depending on the overlapping 
angle, the laser wavelength and 
the angle between the beams. 
The arrangement was set up for 
this study to produce groove 
textures with pitch separations 
of 4, 6 and 8μm.

The DLW process was used to 
produce larger groove textures 
in combinations of widths (50-
500μm), pitch (100-550μm) and 
depths (5-32μm). The processing 
was carried out using a five-
axis Georg Fischer Machining 
Solutions LP 400 U laser system, 
incorporating an Amplitude 
femtosecond pulsed laser of 
Gaussian energy distribution and 
near-infrared wavelength, a dual-

Figure 1: a) DLIP and b) DLW configurations showing optical and scanning 
arrangements and beam paths for the generation of groove textures1

Figure 2: The observed 
improvement in cut quality between 
an untextured and laser textured 
scalpel blade

“It has been 
shown that 
DLW or DLIP 
processes can 
significantly 
reduce the 
surface friction 
of stainless-steel 
scalpel blades”
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Test cuts of 6mm depth and 
150mm length were produced 
in the identical polyurethane 
used in the tribology tests. A 
good correlation was found 
between the friction results and 
scalpel blade cutting results for 
textures in the perpendicular 
orientation, achieving up to 
41.5 per cent cutting force 
reduction in the downward (Fz) 
and 24 per cent reduction in 
the transverse (Fx) directions 
for the DLIP-produced textures, 
and up to 38 per cent (Fz) and 
5 per cent (Fx) reductions for 
the DLW-produced textures. 
Improvements in the cut quality 
were also observed from 
textures produced by both 
laser processes, as shown 
in figure 2. The cutting test 
arrangement and results for 
the best performing DLIP and 
DLW produced textured scalpel 
blades are shown in figures 
3 and 4.

It has been shown that laser 
texturing using either the 
DLW or DLIP processes can 
significantly reduce the surface 
friction of stainless-steel 

Multi-focus optics for gas-
tight welding of aluminium 
alloys in e-mobility 

scalpel blades and enhance 
the quality of the cut. Laser 
surface texturing can also offer 
benefits for other medical tools, 
such as hypodermic needles, 
stent probes and endoscopes, 
where the reduction in contact 
friction and patient comfort 
are important considerations. 
Surface texturing applied by 
either of these processes can 
also offer significant benefits in a 
vast range of applications where 
interactions between rigid and 
compliant materials occur. l

Dr Paul Butler-Smith is a 
hsenior research engineer at The 
Manufacturing Technology Centre.

Dr Tian Long See is a technology 
manager at The Manufacturing 
Technology Centre.
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Figure 3: The set-up used to test the textured scalpel blades

 
Figure 4: Results showing the percentage reduction in cutting forces 
compared with untextured blades1

Mauritz Möller and Philipp Scheible, of 
Trumpf, share a multi-spot approach to 
achieve optimum welds in the manufacture 
of power electronics housings
This article was co-authored by Sabrina Vogt and  
Patrick Haug, of Trumpf Laser- und Systemtechnik

Electric mobility (e-mobility) 
is undergoing very rapid 
maturation. While conventional 
vehicle design disciplines 
such as car body design are 
established, e-mobility-specific 
disciplines are still in the phase 
of technological orientation 
and ramp-up.

In particular, the demand 
for components like 
batteries, e-motors and 
power electronics is growing 
continuously. 

Some of the major materials 
chosen for these parts are 
aluminium alloys. Next to the 

material-specific challenges, 
there is a requirement for the 
gas-tight welding of such alloys 
for parts like casted power 
electronics housings and heat 
exchangers made of sheet 
metal or extrusion profiles. This 
is to both shield the electronic 
components from the 
influence of the surrounding 
environment, and prevent 
leakage of the water-cooling 
circuit.

Demand for gas-tight joints in 
e-mobility applications
Typically, the welding of 
electronics housings and 
cooling plates involves the 
joining of an aluminium wrought 
alloy cover sheet with stamped 

“The laser 
power is 
distributed more 
homogeneously 
over the 
effective process 
area, and the 
keyhole remains 
constantly open”

Trumpf’s new MultiFocus optics 
rely on the firm’s existing TruDisk 
laser portfolio and is usable with 
fixed optics and scanner optics
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cooling channels onto another 
flat sheet metal part made of 
an aluminium wrought alloy. 
Representative material choices 
for this are aluminium alloys 
from EN AW-1xxx, AW-3xxx, 
AW-5xxx and AW-6xxx series. If 
the EN AW-6xxx series alloys are 
used, it is important to choose 
material combinations that avoid 
material mixtures susceptible to 
hot cracking. In this application 
field the weld joint is often 
executed as an I-seam and the 
weld depth is adjusted so that 
it corresponds to the cover 
thickness. 

The special challenges in 
welding aluminium lie in the 
viscosity of the weld pool, 
the small interaction zone in 
terms of laser welding, and the 
chemical composition of the 
specific aluminium alloy. These 
aspects lead, among others, to 
the phenomena of bulging, pore 
formation and even hot cracking.

Innovative optics enable 
reliable gas-tight welding of 
aluminium parts
For these applications, Trumpf’s 
new MultiFocus optics have 
been developed to make 
the laser the manufacturing 
technology of choice. This 
solution enables the gas-
tight welding of aluminium 
components at high welding 

speeds and consistently high 
component quality.

The MultiFocus optics 
contribute a key effect in 
aluminium gas-tight welding. 
When the beam exits the fibre, 
it is split and focused into four 
different spots. Each of the four 
individual beams continues to 
use its power efficiently thanks 
to the ring-core division of the 
BrightLine weld fibre. Positioned 
in a square, the effective radii of 
the spots overlap. This creates a 
single large vapour capillary. The 
laser power is now distributed 
more homogeneously over the 
effective process area, and the 
keyhole remains constantly 
open. Measurement results 
from comprehensive tests 
at the DESY research centre 
in Hamburg – performed 
using synchrotron imaging – 
confirmed that the keyhole 
area was increased and its 
fluctuating standard deviation 
was reduced from more than 
50 to less than 7 per cent. The 
capillary collapse in aluminium 
laser welding is now no longer 
a problem, nor are annoying 
pores produced from this 
collapsing. Four spots proved 
to be the most energetically 
favorable arrangement for the 
purpose of gas-tight welding. At 
the same time, the optics work 
omnidirectionally and avoid even 
more spatter than conventional 
laser processes alone.

This technology is a real 
breakthrough in the processing 
of aluminium parts: tests showed 
well over 99 per cent reliability 
as far as the gas-tightness of 
the weld seams is concerned. 
And this is achieved at high 
welding speeds of currently up 
to 15 metres per minute, which 
competing welding technologies 

Dr Mauritz Möller is automotive 
industry manager at Trumpf Laser- 
und Systemtechnik 

Philipp Scheible is head of customer 
laser welding applications at Trumpf 
Laser- und Systemtechnik

rarely reach. Laboratory tests at 
Trumpf are already running at 30 
metres per minute.

Economical and process-
reliable laser welding 
Now that the laser’s fields of 
application are expanded to 
aluminium materials, this makes 
it appealing for other additional 
processes. For example, 
millions of components such 
as electric motors and power 
electronics are housed in die-
cast aluminium housings, many 
of which have to be gas-tight. 
There are also application 

opportunities for white goods, 
photovoltaic applications 
and industry electrification. 
However, in order to first 
advance the initial application 
in the automotive industry, 
Trumpf is already working on 
technical solutions for the series 
production process for the 
aforementioned laser welding of 
power electronics housings, also 
with a view to an accompanying 
inline weld seam analysis and 
quality assurance. The flexibility 
of laser production technologies 
enables short-term adaptation 
of manufacturing strategies as 
well as barrier-free use in inter-
linked production facilities. 
 The innovative Trumpf 
MultiFocus optics ensure the 
economical and reliable gas-
tight welding of casted and 
wrought sheet metal aluminium 
components. l

The MultiFocus optics facilitate laser welding of electronics housing made from casted aluminium

Gas-tight welding of cooling plates for e-mobility battery packs using the 
new MultiFocus optics

Stable welding process of aluminium ensured by spatial power distribution 
of the MultiFocus optics

“Tests showed 
well over 99 per 
cent reliability 
for the gas-
tightness of the 
weld seams”

g
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Dave MacLellan, executive 
director of AILU, shares 
examples of high-power 
welding innovations to help 
reduce carbon emissions

As gas and energy prices rise 
exponentially, increasing emphasis 
is being put on alternative 
power generation to fossil fuels. 
Alongside this, welding processes 
featuring high-power fibre and 
diode lasers are helping reduce 
greenhouse gas emissions by 
facilitating the light-weighting of 
vehicles and the production of 
motors, batteries and fuel cells for 
electric vehicles.

An upcoming AILU workshop at 
the MTC near Coventry (see page 
24 for a contributed article from 
MTC authors) will outline a range 
of technologies and applications 
to enhance laser welding in future 
manufacturing. Here, we examine 
four such innovations in laser 
welding and beam delivery that 
serve to improve the usability of 
lasers in manufacturing.

Novel nuclear beam delivery
The fundamental difference 
between nuclear fission and 
fusion is that fission results in 
radioactive waste that needs to 
be contained and stored safely 
for thousands of years before it 
is rendered harmless. Currently, 
all commercial nuclear power 
produces radioactive waste, 
but the promise of fusion, once 
perfected, is that it can create 
more energy and no harmful 
waste. For global energy providers, 
the future successful application 
of fusion is the holy grail of 
renewable and sustainable energy.

The sun and other stars are 
effectively fusion reactors, but 
sustaining and controlling the 

high temperatures and magnetic 
fields to allow the process to be 
used in a smaller reactor creates a 
huge challenge. For one thing, the 
extreme radioactivity contained 
inside the reactor will degrade 
any materials used as reactor 
components or subsystems. 
The UK Atomic Energy Authority 
(UKAEA) has a team studying 
‘Remote Applications in 
Challenging Environments’ (RACE) 
– and laser welding via remote 
robotic control is one such critical 
application capable of performing 
the maintenance and repair of the 

many kilometres of pipes required 
to construct a fusion reactor.

At AILU’s High Power Laser 
Welding Workshop, Tristan 
Tremethick from UKAEA will 
present examples of laser welding 
inside pipes at remote sites from 
where the laser source is sited.

Using ultrasound 
SONILASER, funded by 
Innovate UK and building on the 
groundwork of the earlier project 
UltraMAT, seeks to combine 
laser welding with ultrasonic 
vibration to enhance the welding 
properties of materials to be 

joined in battery welding within 
the automotive sector. Carrs 
Welding Technologies and Brunel 
University have already shown 
significant improvements in 
quality and speed. Predictions 
for SONILASER are that weld 
defects can be reduced by 25 
per cent and welding speed 
increased by 50 per cent. The 
reduction of intermetallics and 
improvements in weld quality will 
result in further improvements, 
including reductions in brittleness 
and increased durability. Phil Carr, 
from Carrs Welding Technologies, 
will present early results in 
welding copper with and without 
ultrasonic assistance.

Vacuum welding
Another technique to enhance 
the performance of laser welding 
is the use of a vacuum. In laser 
welding it is quite unusual to use 
a vacuum, although it is common 
with electron beam welding, since 
the presence of gas molecules 
can scatter the electron beam. 
When laser welding in a vacuum, 
greater weld depths can be 
achieved, since there is no plume 
of hot vapour above the keyhole, 
which can reduce efficiency. Max 
Nentwich will present the results 
of welds carried out by Cambridge 
Vacuum Engineering and compare 
laser welding with electron beam 
welding in some low- to medium-
penetration applications. For 
more information, see the article 
contributed by Dr Christian Otten, 

of LaVa-X, in the previous issue of 
Laser Systems Europe.

Novel technology
Finally, Civan Laser has developed 
a dynamic beam laser (DBL) that 
can adjust the frequency and 
beam shape for laser welding, 
which allows the keyhole to be 
controlled more accurately. 

When combined with simulation 
software, developed at TU 
Wein in Vienna, it is possible to 
evaluate strategies to enhance 
the welding process – identifying 
potential processing strategies 
in a more controlled and rapid 
development than relying on 
weld analysis post-weld, which 
would require a great deal more 
iterative welding experiments. 
Meir Giladi, from Civan, will 
present the technology used and 
how they have refined welding 
applications using the DBL. For 
more information on Civan Lasers 
and its DBL technology, visit: 
www.lasersystemseurope.com/
company/civan-lasers.

The AILU High Power Laser 
Welding Workshop will take place 
at the MTC near Coventry on 29 
September. This in-person event is 
an opportunity to meet exhibitors 
and view demonstrations of laser 
welding processes at the MTC. l

Energy crisis demands high-power 
laser welding solutions

“Laser welding 
via remote robotic 
control is capable 
of performing the 
maintenance and 
repair of fusion 
reactor pipes”

Contact AILU:
Web: www.ailu.org.uk
Email: info@ailu.org.uk
Phone: +44 1235 539595 
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A simulation of keyhole laser welding with a dynamic beam laser from Civan Lasers

https://www.ailu.org.uk/
www.lasersystemseurope.com/company/civan-lasers
www.ailu.org.uk
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Strati: The first 3D-printed car

With the International Manufacturing Technology Show 
(IMTS) returning in September, Zack Brown of LIA 
speaks with Richard Neff, one of the creators of the first 
3D-printed car, fabricated during IMTS 2014

Can you describe the process  
of creating the Strati? 
The idea for Strati started in late 2013 or early 
2014, when big area additive manufacturing 
(BAAM) was being developed at Oak Ridge 
National Laboratory’s (ORNL) Manufacturing 
Demonstration Facility (MDF), where they 
were working with Lockheed Martin to create 
3D-printed tooling. They had an extruder on a 
robot and were challenged with programming, 
so the team at MDF, including Lonnie Love, 
Chad Duty, and Brian Post took the extruder 
and put it on a gantry that had been used 
for several projects already. They were 
quickly printing parts, but neither ORNL nor 
Lockheed Martin wanted to be in the 3D 
printer business, so they struck a system by 
removing the laser and beam delivery and 
replacing them with a plastic extruder as a 
shortcut to creating a giant 3D printer. 

John B. Rogers (Jay), the founder of Local 
Motors (LM), saw the system and asked if 
they could work together to 3D print a car. In 
March 2014, everybody said yes, but nobody 
knew how it could be accomplished. The 
Association for Manufacturing Technology 
(AMT) agreed to provide a venue at the 
Emerging Technology Center in the atrium 
of McCormick Place at the International 
Manufacturing Technology Show (IMTS), the 
largest machine tool show in North America. 
This gave a hard deadline to build the car 
at a trade show in front of 114,000 people 
in September 2014. Additional partners 
included SABIC Innovative Plastics, which 
ordered a BAAM system and agreed to have 
their machine at IMTS. SABIC and Techmer 
PM provided a carbon fibre-reinforced 
acrylonitrile butadiene styrene for the 
project. Thermwood Corporation built a 
five-axis milling machine and provided 
support for programming and machining. 
To support the project, ORNL utilised a 
team of mechanical engineers, materials 

engineers, and engineering interns to develop 
a new machine, new processes and new 
programming software. 

One of the keys to designing an all-new 
car was something Local Motors called 
Co-Creation. They developed a cloud-
based software program that fostered 
design collaboration. The Local Motors 
design community could submit ideas for a 
3D-printed community electric vehicle that 
could fit on the table of the BAAM system. As 
it turned out, LM got over 200 great looking 

designs. The seemingly straightforward task 
of picking a design required a dedicated 
team to sift through all the designs and their 
iterations, with feedback on each design then 
being provided by the design community. The 
hands-down winner was a design called the 
Strati, designed by Michele Anoe from Italy – 
Strati meaning layers in Italian. He won a small 
cash prize and a trip to Chicago to see his car 
being built at IMTS. 

Then the real work began, with ORNL 
printing some smaller parts that were 
assembled to make a mule, and test the 
idea of a printed frame with a potential drive 
system. The drive was taken from a Renault 
Twizy electric city car, and the mule worked. 

In August, the team at ORNL attempted to 
print a whole car. It took over 100 hours and 
was manned around the clock by interns and 
PhD scientists alike. Extraordinary measures 
were needed to keep the print head from 
crashing into plastic nubs that stuck up at the 
end of each layer. The car took so long to print 
that the lower layers had cooled too much to 

allow for good layer-to-layer bonding. In the 
end, the entire vehicle split apart between the 
layers. With only a month before IMTS, some 
real innovation was needed. 

For the layers to stick together, they 
had to print faster, and a bigger extruder 
was needed. A consultant, Tim Womer, 
determined that we could modify the 
extruder screw and double the output without 
overloading the drive. A new extruder screw 
was machined and delivered to Chicago to the 
show for installation on the machine. Vlastimil 
Kunc at ORNL took on modelling the process 
to determine if the new extruder would work. 
With help from AlphaStar, a complete process 
simulation showed the stresses that would 
result from printing with the new screw, and it 
seemed like it might work. 

There was still the issue of the head 
crashing on the carbon-reinforced nubs 
that stuck up every time the head retracted. 
An intern at the MDF, Andrew Messing, a 
sophomore at the University of Tennessee, 
wrote a subroutine for the ORNL slicing 
software. The subroutine programmed a 
swirling motion just before the head retracted. 
This allowed the tamper on the head to 
smooth out the nub before it hardened. This 
new programming software and the new 
extruder were calibrated and tested on the 
IMTS show floor just days before the show. 

The AMT and the Freeman staff at 
McCormack Place had to take extraordinary 
measures to help pull off the project. The 

“No car, machine, lab or 
plastics company could 
have made this happen 
independently”

Strati in its current home in Cincinnati

https://www.lia.org/
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process couldn’t be stopped, so in response 
the team had to leave power running to the 
machine and provide safety staff round 
the clock. 

The day before the opening to the public 
was press day. The print was started first thing 
in the morning. Everybody on the team was 
interviewed dozens of times that day by every 
news outlet you could imagine. Everybody 
was running on pure adrenaline and caffeine 
after a three-month sprint to the event. Would 
it work? It was amazing. The head did not 
crash. One small crack that appeared near 
the bottom of the print caused a few issues 
that were quickly overcome. We were done 
printing the car’s main body on the second 
day, and the crowds showed up. Nobody had 
ever seen anything like BAAM. 

Early on the third morning the print was 
finished. The excited team moved it to the 
Thermwood machine before the crowds 
poured in on the third day. This was the 
first time that a part of this size was ever 
machined. Thermwood technician Brent East 
found that the surfaces were not exactly 
where the software said they would be. 
Nonetheless, Brent innovated on the fly, and 
the finished Strati looked great. It has smooth 
sections that were machined, and it has raw 
layered sections as a design element. 

The Local Motors team then added the 
drive system, suspension, seats, lights and 
other details. One of the concessions to 
printing faster was to leave the fenders off for 
the main prints. As it turns out, the fenders 
print better on their side, eliminating the 
need for support material. When the car was 
first assembled, the front tire hit the fender 
when the wheel was turned. The design 
team sprung into action, and the fender 
was redesigned, reprinted and replaced in a 
few hours. 

Saturday morning of the IMTS, Jay Rogers 

at the wheel and Doug Woods, the president 
of AMT, drove the Strati out of McCormick 
Place and to a press conference in front of the 
main entrance.

Is there anything you would have done 
differently if given the opportunity? 
No. There were probably over 1,000 
innovations that happened during the 
development process. If any one of them had 
not happened, the Strati would have probably 
failed. The combination of so many diverse 
and talented people accelerated innovation. 
No car, machine, lab or plastics company 
could have made this happen independently. 
It was a genuine collaboration. Without 
funding from the Department of Energy 
Advanced Manufacturing Office backing 
the MDF, it wouldn’t have happened, and it 
all started with a moonshot challenge by 
Jay Rogers. 

How does the vehicle operate now? 
In Chicago it ran well in front of the crowd. 
Eventually, the Strati had its drivetrain 
removed, and it was turned into a 
display by Local Motors. It now rolls on 
removable castors. 

How did you acquire the Strati? 
Local Motors pursued the dream of 3D 
printing vehicles in production. They found 
some commercial success with their Olli, 
a small autonomous bus. They were using 
additive manufacturing to make the structure 
of the vehicle. Alas, the sensors and software 
to facilitate autonomy did not mature as fast 
as expected, and Local Motors could not 
sustain its business. They closed their micro-
factory in Tennessee and auctioned off all 
of their assets. The non-functioning original 
Strati was within my budget, so I snapped it up 
in hopes of saving it from the dumpster. 

What future plans do you have for 
the Strati? 
After IMTS, it went on tour and visited 
the North American International Auto 
Show, the Today Show, the SEMA Show 
and NPE the Plastics Show. A subsequent 
Strati was even on Jay Leno’s Garage. I’m 
hoping that people will want it for events. I 
can haul it to trade shows, car shows and 
conferences in the state it is in. It might be an 
excellent attraction for a parade if I can make 
it drivable. 

How do you believe laser 3D printing could 
play a part in the future of vehicles?
Czinger is a great example of one of many 
companies currently pushing the limits 
of what you can do with laser additive 
manufacturing in vehicle design and 
manufacturing. I recently heard their founder, 
Kevin Czinger, speak about the 21-C hypercar, 
and they are utilising additive manufacturing 
for all it’s worth. They are making large parts 
using laser powder bed fusion, and it is 
paying off. They have grounds to say they are 
making the world’s fastest production car. 
Laser powder bed fusion has allowed them 
to produce a light, strong and stiff vehicle. It 
has allowed them to innovate and control their 
supply chain. 

What are your thoughts on other 3D-printed 
vehicles, like the YOYO by XEV? 
The YOYO is an interesting vehicle. 
They use a combination of additive and 
traditional manufacturing. They use additive 
manufacturing for the dashboard and some 
customisable trim on the outside of the 
vehicle. Additive Manufacturing is being 
used for mass customisation of luxury and 
racing vehicles today, and is even now being 
introduced to the serial production of many 
other types of vehicle. I am excited to see 
where it will go. l

“There were probably 
over 1,000 innovations 
that happened during the 
development process”

The Strati at a press conference outside IMTS 2014 (Richard Neff can be seen in red)

www.lia.org
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This year, Dr Florian Schreck and his team at 
the University of Amsterdam have achieved 
their goal of creating an atom laser that can 
remain on indefinitely. The creation of the 
atom laser used continuous Bose-Einstein 
condensation (BEC), a process of cooling 
the atoms using lasers. Since the creation 
of the first atom laser in 1995, physicists 
have struggled to create a continuous BEC, 
attempting to cool the atoms in one area, 
and were met with no success. Schreck and 
his team have taken a different approach, 
however, spreading the cooling along a 
path and continuously cooling the atoms. 
Doing so allows the team to fuel atoms into 

the laser and create a continuous BEC. The 
team is now working to further advance 
their project. 

While traditional lasers produce coherent 
waves of light, atom lasers produce coherent 
waves of matter. Like traditional lasers, atom 
lasers have practical applications, such as 
being able to efficiently explore and map 
underground areas. According to Schreck, 
the new laser could also be used to efficiently 
synchronise networks and aid in navigation, 
or in fundamental science be instrumental 
in the search for dark matter or tests of 
relativity. It could also have applications in 
infrasound gravitational wave detectors. 

The team has been working on the 
project for over six years, and the creation 
of the atom laser involved the creation of 
a dedicated machine to meet their cooling 
requirements. They have been making use 
of not one, but two lasers in the process 
of cooling the atoms over the distance of 
the machine. Schreck also attributed their 

success to the use of a more efficient 
element, strontium, than what was used in 
previous physicists’ attempts to create a 
continuous atom laser. The continuous BEC 
also made use of both red laser cooling and 
blue laser cooling in the process. 

Now they have a working continuous 
BEC, the work doesn’t stop here. Next, the 
team begins the long process of advancing 
the project to maintain a steady source of 
fuel. It is currently unknown what type of 
timeline the future steps of the project may 
take, but the team is excited for the eventual 
applications of the laser, from theoretical to 
practical ones. l

Perpetual atom laser 
operation achieved

Zack Brown of LIA reports 
on dutch physicists’ 
creation of an atom laser 
that can stay on indefinitely 

“While traditional lasers 
produce coherent waves of 
light, atom lasers produce 
coherent waves of matter”

Atoms are continuously 
flowing through a sequence 
of laser cooling stages until 
they accumulate in a crossed 
dipole trap and form a Bose-
Einstein condensate that 
lives indefinitely
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TruLaser 3080 
Trumpf’s new TruLaser 3080 fibre laser cutting 
machine fabricates parts in sheets up to 8m 
long and 2.5m wide, making it particularly adept 
at cutting large and heavy parts weighing up 
to 7,850kg, such as facade components and 
trailers for trucks or cranes. The system can 
also be used for small and medium-sized parts, 
so operators can easily use it to its full capacity 
and make optimal use of their production 
capacity. The TruLaser 3080 can be used in 
multi-shift operation without requiring complex 
automation. It comes with an automatic pallet 
changer that automatically inserts a second 
sheet as soon as the laser has completed its 

first cutting pass. This results in an overall 
machining area of 40m2 of sheet metal and 
enables the machine to cut parts for several 
hours without the operator having to add any 
additional raw material.

Due to the size of the panel, different 
component shapes can be nested in the 
cutting program in a material-saving manner. 
This allows users to use almost the entire piece 
of raw material. 

The machine can process a wide range of 
materials including mild steel, stainless-steel, 
copper and brass, and it can even create high-
quality parts from thin metal sheets. 
www.trumpf.com

Laser Workstation
Cyan-Tec (more on page 15) has launched a 
new, reconfigurable laser workstation suited 
primarily for cutting, welding and marking. 
Built using a standard fabricated base frame 
and guard structure, the machine aesthetics 
are designed to fit within the firm’s range 
of modular laser cells. The design has a 
spacious internal working area that can be 
configured to suit the particular application, 
including the supply of bespoke fixtures and 
tooling. 

A sliding door system at the front of the 
machine ensures easy access for loading and 
unloading operations, as well as maintenance 
access when required. The machine is 
designed to house all control elements (other 
than ancillaries such as extraction and chiller 
units) in the base of the machine. 

With floor space often a key driver 
for users, the workstation has a minimal 
footprint. It also includes a HMI/monitor stand 
attached to the main guard frame to allow 
operator interaction with the system during 
machine operation and maintenance.
https://cyan-tec.com

PRODUCT
UPDATE

EvoWeld Mini
The EvoWeld Mini is Evosys Lasers’ newcomer 
among the complete systems of its EvoWeld 
series. The device offers a coherent, 
ergonomic and economical overall concept 
and has been developed to realise laser plastic 
welding for smaller quantities – e.g. prototypes 
or assemblies with low quantities – or for 
laboratory operations. 

Despite compact installation space, with 
a footprint of only 320 × 663mm² and a 
height of 533mm, the new system possesses 
everything needed for laser welding. 
Integrated in the housing are the laser and its 

cooling, beam shaping and guiding, as well as 
the necessary control components. 

To increase flexibility and to ease operation, 
the EvoWeld Mini is technically equipped to 
enable all standard industrial process variants. 
Welding contours are programmed and 
adapted using the intuitive EvoLaP software, 
meaning that welding processes developed 
on the EvoWeld Mini can easily be transferred 
to the more highly automated products from 
the Evosys portfolio. Various extensions for 
process and quality monitoring are available as 
an option for the welding system.
www.evosys-laser.com



12kW ByCut Smart 6225
Bystronic’s ByCut Smart 6225 is now 
available with 12kW laser output, resulting in a 
significantly faster cutting process and allowing 
more parts to be cut in less time. In addition, 
the optional BeamShaper function enables 
outstanding edge quality when cutting steel 
sheets up to 30mm thick, while boosting the 
cutting speed by as much as 20 per cent.

The system can process large sheet metal 
parts up to 6.2m length and 2.5m width. 
This increases the efficiency of production 
processes, as large metal sheets allow the 
cut parts to be nested more effectively. The 
included BySoft CAM process software offers 

support with intelligent nesting procedures, 
significantly reducing raw material offcuts 
thanks to a high degree of material utilisation. 

Lastly, the large format enables the cutting 
of large parts in addition to diverse small parts, 
without requiring the system to interrupt the 
laser cutting process.
www.bystronic.com

Cobalt Pro
Global printing firm Inkcups has released 
Cobalt Pro, an advanced CO2 laser plate-
maker equipped with a 40W ceramic core 
laser. The system can be used to etch plates 
including DuraLaze and exposed polymer, 
or engrave a variety of substrates such as 
plastic and wood.

The Cobalt Pro is designed for small shops 
that need both a laser etching machine and a 
plate maker. With an etching area of 440mm 
x 620mm the machine can produce large and 
bold high-resolution images of up to 1,500 
dpi on the largest variety plates or on multiple 
plates at once. Maintenance on the Cobalt 
Pro is also extremely easy to perform.

A critical feature is the closed-loop 
DC servo motor, which ensures greater 
continuous shaft power at higher speeds 
than competitive lasers. This feature provides 
greater accuracy (0.254mm or 0.1 per cent) 
due to the continuous movement, rather 
than constant starting and stopping. The 
AutoFocus operations control feature adjusts 
the system to the precise focal point on the 
engraving area, providing accurate results.
www.inkcups.com

PRODUCT UPDATE
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Lasertec 100/160 PowerDrill
For rapid, efficient production of cooling air holes 
in gas turbine components such as guide vanes, 
blades, buckets, combustors and heat shields, 
DMG Mori has introduced the new Lasertec 
160 PowerDrill and its smaller counterpart, the 
Lasertec 100 PowerDrill.

Intended for manufacturers in aerospace, 
power generation and other industries, the 
machines have a small footprint yet offer a 
large working envelope, making them ideal for 
companies that are short of space on the shop 
floor.

The new five-axis drilling machines are based 
on a modular, moving-column design. The 
column moves in the X and Y axes, providing 
rigidity for high-accuracy machining throughout 
the entire working volume. It is 1,600 x 1,000 
x 1,000mm for the larger model and 1,000 x 
1,000 x 1,000mm for the smaller, with respective 
footprints being 14.7m2 and 12.7m2.

A swivel axis for the tool and a rotary axis for 
the workpiece, or alternatively a swiveling rotary 
axis for the workpiece, together with different 
table variants, offer the right kinematics for every 
application. The machines are available with fibre 
lasers rated at 9-23kW with variable collimation, 
enabling the focus spot size to be changed 
during processing without manual intervention.
www.dmgmori.co.jp/en

Flux H Series
Focuslight Technologies has announced the Flux 
H Series, a variable beam laser system for pan-
semiconductor manufacturing processes. 

The Flux H generates an adjustable 4kW, 976nm 
laser beam and regulates the beam size and 
homogeneity via micro-optic modules. The beam 
is continuously adjustable in width and length from 
2-200mm, as the uniformity maintains as high 
as > 95 per cent. It also integrates a high-speed 

pyrometer system that monitors the temperature 
of the processing area in real-time and carries out 
closed-loop temperature control. 

By flexibly selecting laser power and beam 
sizes, the Flux H works with a highly integrated 
processing head design and can be widely used in 
non-contact laser heating, laser assisted bonding, 
laser mass soldering, laser drying, material surface 
treatment and many more applications.
www.focuslight.com

TEST AND MEASUREMENT

Mico sensor
SmartRay has released its latest automated 
weld inspection solution, the Mico sensor. 
Providing micro measurements in a compact 
sensor head, the sensor offers simple 
integration on most production lines. 

The tiny sensor has a resolution of a little 
over 1,000 pixels on a field of view of 40mm. 
Consequently, the lateral resolution of this 
sensor is 40µm, enabling the reliable detection 
of very fine defects on a weld that are only 

0.2mm in diameter. The Mico operates at about 
3kHz, taking 3,000 profile cuts per second. 
The regular inspection speed of this sensor is 
200mm/s, compared to other systems that run 
at standard speeds of 100-130mm/s. 

Consequently, customers with a high number 
of welds to inspect within a short cycle time 
will be able to reduce inspection time and may 
require fewer systems to inspect the same 
number of welds.
https://3d.smartray.com

https://www.smartray.com


PRODUCT UPDATE

LASERSOPTICS

MATERIALS

SmartLase C600
Markem-Imaje has introduced the SmartLase 
C600 60W CO2 laser marker. Designed with 
speed and reliability, the laser is the fastest and 
most powerful CO2 laser in Markem-Imaje’s 
range. It delivers high-quality, chemical-free, 
permanent coding and indelible marking to 
protect against counterfeiting on a variety of 
surfaces including PET bottles, glass, labels, 
confectionery labels, flexible films, inked paper/
carton, and coated metals.

The SmartLase C600 has been engineered 
to perform to the highest standards in the 
most demanding packaging lines – even with 
the increasing complexity of 1D and 2D codes. 
With very limited maintenance needs, the C600 
reduces operational expenses through fewer line 
stoppages and no added costs for expensive 
consumables or external cooling. Meanwhile, 
chemical-free production helps businesses meet 
sustainability compliance goals.

Industry 4.0-optimised and with a 

variety of industrial interfaces such as 
Ethernet/IP, Profinet, NGPCL and full-
featured CoLOS software support, the 
SmartLase C600 enables advanced packaging 
intelligence. Once integrated, the intuitive user 
interface delivers an increase of up to 20 per cent 
in operating efficiency. With a complete IP55-
compliant controller and printhead, the 
laser meets the high standard of safety 
per ISO 13849-1 up to Performance Level PLe.
www.markem-imaje.com

New metals for additive manufacturing
EOS has introduced four new metal materials 
for additive manufacturing on the its EOS M 290 
metal system, including two stainless-steels, 
one tool steel and one nickel alloy.

EOS StainlessSteel 254 is an austenitic 
stainless-steel with high chromium, 
molybdenum and nitrogen alloying, giving 
excellent corrosion resistance in many difficult 
environments. The material has an excellent 
stress corrosion cracking and higher strength 
than conventional austenitic steel. It also shows 
excellent resistance to uniform, pitting and 
crevice corrosion. The material is particularly 
suited for applications such as chlorinated 
seawater handling equipment, pulp, and paper 
manufacturing devices as well as chemical 
handling equipment.

EOS StainlessSteel SuperDuplex is an 
austenitic-ferritic duplex stainless steel 
optimised for additive manufacturing while 
maintaining super duplex properties. Its high 
chromium, molybdenum and nitrogen alloying 
give excellent corrosion resistance in many 
difficult environments. At the same time, it 
shows excellent resistance to uniform, pitting 
and crevice corrosion, as well as enabling 
high strength together with high corrosion 
resistance. The material is particularly suited 
for applications in the oil and gas industry, in 
pulp and paper manufacturing devices, and for 
mining and offshore equipment.

EOS ToolSteel CM55 is a cobalt-free, ultra-
high-strength, and high-hardness steel for 
tooling and engineering solutions. Its alloying 
elements and moderate carbon content form 

a strong and stable structure for demanding 
applications and for the use in elevated 
temperatures. Typical applications are cold and 
hot working tools, powertrain components and 
parts for mechanical engineering.

EOS NickelAlloy Haynes 282 is a 
nickel alloy powder. It is a precipitation 
strengthened nickel-base superalloy with 
a unique combination of high temperature 
strength, thermal stability, good corrosion 
and oxidation resistance, easy fabricability, 
and excellent weldability. It was developed 
for high-temperature structural applications, 
ranging from aerospace and rocket engine 
components to turbomachinery and gas 
turbine parts, as well as other components 
used in the energy industry.
www.eos.info

Spectra-Physics Talon 532-70
MKS Instruments has launched the Spectra-
Physics Talon 532-70 laser, a high-power 
green nanosecond-pulsed diode-pumped 
solid-state laser.

The laser delivers over 70W of green power, 
high pulse-to-pulse stability, and excellent 
beam quality at repetition rates up to 700kHz 
with low noise. It enables high-throughput 
processing of photovoltaics and advanced 
electronics materials, including system-in-
package and PCBs for e-mobility and other 
demanding applications.

All 12 Talon series laser models have 
identical optical, electrical, and software 
interfaces and common boresighting, 
allowing system integrators to flexibly and 
rapidly configure machine tools for specific 
applications and end user requirements.   

The series’ ‘It’s in the Box’ design combines 
power supply and laser head into a single, 
common rugged package for simple 
integration and straightforward switching 
between models. Each laser has passed 
extensive environmental qualification 
testing and has been subjected to rigorous 
production tests to ensure high reliability for 
24/7 operation and low cost of ownership.
www.mks.com/b/spectra-physics
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Field-replacement optics for CO2 lasers
Laser Research Optics has introduced a line of 
field-replacement optics for CO2 lasers used 
for cutting precision gaskets that are made 
of stainless-steel, phenolic, and other hard 
materials.

The optics include a selection of lenses with 
focal lengths from 1.0” to 2.0” that come in 0.5” 
to 1.0” O.D sizes and mirrors that are made from 
silicon 0.4” to 0.5” thick. Offered with dual-
band anti-reflective coatings to aid in system 
alignment, the lenses fit a wide variety of 
popular lasers used for precision gasket cutting.

Ideally suited for lasers that are cutting hard 
or highly abrasive materials, Laser Research 
CO2 Laser Optics are direct field replacements 
for Amada, Coherent, Cincinnati, Epilog, Mazak, 
Synrad, Trumpf, and Universal lasers. They meet 
OEM and ISO-10111 specifications.
www.laserresearch.net



What are the advantages of 
laser cleaning?
Laser cleaning is a quiet, non-
contact, non-abrasive, efficient, 
cost-effective, repeatable, 
high-precision and eco-friendly 
process that can be used to 
remove unwanted materials 
such as dirt, rust, paint, oil, 
oxides and other contaminants/
impurities from surfaces. 

The process, which can be 
used for micro-scale or large-
scale cleaning of a number of 
materials, offers an attractive 
alternative to traditional 
industrial cleaning methods. 
These can often be labour-
intensive or require the use of 
consumables such as sand 
(sand-blasting techniques can 
also damage the underlying 
substrate) or hazardous 
chemical products/solvents 
(which then require costly 
disposal) depending on the 
material being removed.  
 Laser cleaning on the other 
hand requires no consumables, 

only power, making it more 
environmentally friendly and 
cost-effective than such 
traditional methods.

How does laser cleaning 
work?
At its core laser cleaning 
involves an optical scanner 
being used to move a focused 
laser beam over a surface. 
Here the beam interacts with 
any unwanted material, which 
absorbs the energy and rises 
rapidly in temperature until its 
ablation threshold is reached – 
the point at which its molecular 
bonds break. This causes 
particulates of the material 
to be ejected away from the 
substrate, or for the material to 
be vapourised entirely. 

The parameters of the laser 
beam – namely its power, 
wavelength, repetition rate, 
scanning speed and beam 
diameter – are carefully 
selected so that only the 
ablation threshold of the 
unwanted material is reached, 
rather than that of the substrate 
itself. This targeting of the right 
ablation threshold, combined 
with the fact that laser 
cleaning can be controlled with 
micrometre levels of precision, 
ensures that the underlying 
substrate is left completely free 
from damage.

The process can be 
conducted either in person, 
using a handheld system to 

move the scanning beam over 
the workpiece, or remotely, 
delivering the beam to a laser 
head via an optical fibre, which 
can then be moved over the 
workpiece automatically using 
robots within an enclosure.

To ensure user safety during 
laser cleaning, a suitable fume 
extraction system must be 
positioned next to the process 
to ensure levels of harmful 
particulates that exceed 
government-set limits are not 
released into the air. Similarly, 
the user must also be protected 
in such a way that they are 
not being exposed to levels 
of laser radiation that exceed 

government-set limits. The 
simplest, most effective way 
of ensuring user safety during 
laser cleaning is to have the 
application take place remotely, 
within a strictly controlled laser 
safety enclosure.

What substrates and 
contaminants can be cleaned 
using a laser?
Metals
Rust removal is one of the most 
common uses of laser cleaning, 
often done to ensure a clean, 
uncontaminted surface prior to 
welding or bonding applications. 
Rust removal is also performed 
to restore metal products or 
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A brief introduction to laser cleaning, the 
technologies involved, and the advantages it 
offers over other cleaning methods

LEAVE NO 
STONE 
UNCLEANED

Smart scanning for laser cleaning projects

The new SCANcube IV scanner now features optional read-back 
functions, thereby providing an essential process monitoring 
component. Compared to the SCANcube III, the system linearity 
has been improved by 30 per cent.
 
The scan head can be perfectly configured for the required 
application, e.g. laser cleaning, marking or engraving, using 
different tuning and mirror variants. In combination with an 
RTC control board, optional read-back functions for system 
monitoring and diagnostics are available. This means that the 
actual position, temperature and other status values can be 
queried reliably during operation.

What’s more, the new elegant, dust-tight housing provides 
optimised heat management and ensures that the system always 
keeps a ‘cool head’, even during demanding applications. One 
thing that remains unchanged in the new scan head generation is 
its outstanding price-performance ratio.

More information:  
www.scanlab.de/en/applications/laser-cleaning

SCANLAB  FEATURED PRODUCT

in association with

“Laser cleaning 
is a quiet, non-
contact, non-
abrasive, efficient, 
cost-effective, 
repeatable, high-
precision and eco-
friendly process”

g

www.scanlab.de
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structures, for example those 
with historic significance. The 
most common metals that 
can rust include iron, cast iron, 
wrought iron and steel.

For metals that don’t contain 
iron – and therefore do not rust 
– laser cleaning can be used on 
those that instead develop an 
unwanted oxide coating. Such 
coatings can influence the 
integrity of a product, and are 
a sign that its surface material 
is breaking down. However, 
removing the oxidation layer 
could expose it to further 
deterioration. This is where laser 
cleaning proves its advantage. 
Not only can it be used to 
remove the oxidation layer, but it 
can also remove any remaining 
contaminant oxides from the 
product, protecting it from 
further damage. Metals that 
form oxidation layers, among 
others, include aluminium, 
bronze, brass and copper, as 
well as precious metals such as 
gold and platinum.

Similar to rust and oxides, the 
removal of grease, mould, dirt 
and paint is often done prior 
to metal welding or bonding to 
ensure a strong, contaminant-
free bond. Thankfully laser 
cleaning is very capable of 
removing even the thickest 
layers of such unwanted 
coatings. With traditional 
cleaning methods, removing 
layers of chrome- or lead-
based paints was previously a 
long, laborious and dangerous 
process. Lasers however can 
be used to safely remove such 
hazardous paints without 
creating additional waste.

Non-metals
As with metal cleaning, 
calibrated properly, lasers can 
be used efficiently to ablate 
unwanted materials from 
ceramic surfaces without 
damaging the underlying 
substrate. Ceramic products 
frequently cleaned using lasers 
include print rollers, ceramic 
moulds, historical artefacts and 
baking moulds.

The flexibility of laser 
cleaning also makes it suited 
to removing grime and bacteria 
from natural stones such as 
marble, granite, limestone and 

concrete. In particular, the 
level of precision granted by 
laser cleaning makes it well-
suited to cleaning extremely 
delicate stone objects, e.g. 
in the restoring of statues, 
figures, and ornaments, as 
well as larger surfaces such as 

building facades. Here, manual 
cleaning would have proven to 
be too abrasive, and could have 
damaged the substrates being 
cleaned.

While lasers are not as 
commonly used to clean 
plastics than the other-
mentioned materials, they 
have been shown to be an 
effective solution for removing 
contaminants such as adhesion 
blockers from certain types 
of plastic. For example, 
polypropylene, acrylonitrile-
butadiene-styrene copolymer, 
fibre-reinforced polyurethane 
and some carbon-fibre 

reinforced plastics (CFRPs) have 
all been cleaned successfully 
using lasers. For many other 
plastics, however, laser cleaning 
would likely not be suitable, 
as it would likely risk causing 
damage such as carbonisation 
or melting of the substrate. 

Similar to plastic, certain 
types of rubber have been 
cleaned successful using 
lasers. For example in the 
automotive industry lasers have 
been successfully used to clean 
the inside of tyres in before 
bonding sensors and other 
materials to them. However, also 
similar to plastic, the majority 
of rubber and elastomeric 
materials would likely not be 
as easily cleanable with a laser 
due the the ease at which they 
could be damaged. That’s not 
to say it isn’t impossible, but 
exceptional care (likely ensured 
via an automated, rather than 
handheld, laser cleaning 
solution) would be needed to 
achieve the extreme precision 
required to remove the surface 
contaminant without damaging 
the underlying substrate.

While not a common 
application of the technology, 
glass is another material that 
can be cleaned using lasers. 
Examples include the cleaning 
of sooted optical windows, the 
conservation and restoration of 

cultural heritage stained glass 
windows, and of course Tesla’s 
ambitious desire to create laser-
based windscreen wipers (www.
lasersystemseurope.com/news/
tesla-laser-cleaning-patent).

What industries is laser 
cleaning used in?
Due to its flexibility in both 
how it can be deployed and 
the number of materials it 
can process, laser cleaning is 
already well-established across 
a wide range of industries in 
applications ranging in size from 
treating large aircraft down to 
tiny microchips. 

In the automotive industry, 
for example, lasers are used to 
remove the phosphate layer 
from bevel gears and other 
parts prior to welding to ensure 
less spatter and fewer pores, 
or to clean tyre and tooling 
moulds of contamination. For 
the e-mobility sector, lasers can 
be used for the pre-treatment 
of aluminium components in 
the manufacture of battery 
housings, or for cleaning 
copper wires, hairpins and 
busbars for contacting. 

In the aerospace and 
maritime industries, where the 
use of chemical solvents is 
restricted, the large panels and 
propellors of aircraft and ships 
can effectively be stripped of 

“Laser cleaning 
can be conducted 
either in person 
using a handheld 
system, or 
remotely via 
robotics within an 
enclosure”

Handheld laser cleaning devices are a popular choice in industry for delivering the beam to the workpiece
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“To ensure user 
safety during laser 
cleaning, a suitable 
fume extraction 
system must be 
positioned next to 
the process”
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paint, vegetation or algae during 
regular maintenance using 
lasers.

In the oil & gas industry, 
pipelines can be affected by 
various kinds of build-ups that 
must be dealt with to ensure 
uninterrupted operation. 
Here, laser cleaning could 
be performed remotely 
by automated robots. The 
technology poses a particular 

advantage here due to its lack 
of consumables – only power 
would need to be supplied 
to the robots over the long 
distances involved.

In the electronics industry, 
typical applications include 
cleaning the contact areas of 
plugs and pads, as well as the 
removal of insulation layers in 
cables. In addition, before chips 
are soldered, the component 

pins must be completely 
de-oxidised to ensure optimal 
electrical contact.

In the medical industry, 
lasers can be used to clean 
steam steriliser systems, 
which themselves are used 
to clean medical tools at high 
tempartures. In cleaning the 
tools, contamination can embed 
itself into the internal surfaces 
of the steriliser, staining them 

and promoting corrosion. 
Lasers offer a quick and 
efficient way of removing such 
embeded contaminants.

In the pharmaceutical 
industry lasers can be used to 
clean objects such as reactor 
vessels, agitators, extrusion 
screws, air treatment systems, 
storage tanks, tools, moulds, 
presses, rolls and conveyors.

Laser cleaning also plays an 
increasing role in restoration, 
being used to carefully treat not 
only stone buildings, statues, 
monuments and bridges, but 
also valuable artworks, each 
of which can be marred by air 
pollution, dust or soot particles.

What types of laser are used 
for cleaning?
Nanosecond-pulsed fibre lasers 
operating in the near-infrared 
wavelength are most commonly 
used for laser cleaning. Being 
able to deliver the beam 
down an optical fibre enables 
a wide range of integration 
possibilities from handheld 
systems to remote, robot-
controlled solutions. The short 
pulse duration minimises the 
heat-impact on the underlying 
substrate being cleaned, while 
the repetition rate and power 
can be increased to achieve 
faster processing speeds. 
Laser systems offering powers 
from tens of watts to multiple 
kilowatts are now available, with 
handheld systems going all the 
way up to 3kW in power. Less 
frequently used for cleaning 
are direct-diode lasers, excimer 
lasers, CO2 lasers, continuous-
wave lasers and ultrafast lasers.
 For a the latest laser cleaning 
companies, products, press 
releases and news, visit: www.
lasersystemseurope.com/tags/
cleaning. l

Laser cleaning can also be performed within an enclosure via an automated robot
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SUPPLIERS DIRECTORY

SUPPLIERS
DIRECTORY

El.En. S.p.A.
Via Baldanzese, 17
50041 Calenzano - Firenze - Italy
Tel. +39 055 8826807 l Fax +39 055 8832884
https://elenlaser.com

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

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

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

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

or email: jon.hunt@europascience.com 

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

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

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

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

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

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

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

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

LASERS

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

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

OPTICS
GT Advanced Technologies
www.gtat.com

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

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

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

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

https://ii-vi.com/laser-processing-tools/


On-demand webcasts 
now available
Innovation Award 
shortlist series

Laser Systems Europe, 
Imaging and Machine 
Vision Europe and 
Electro Optics have 
partneed with Laser 
World of Photonics  
in hosting a series of 
webcasts highlighting 
the technologies from 
shortlisted companies 
in April’s Laser World of 
Photonics Innovation 
Award.

Register now
www.electrooptics.com/LWOPawardwebcasts

Electro 
  Optics

LASER 
SYSTEMS
        EUROPE

& MACHINE VISION EUROPE
IMAGING

Webinar series sponsored by

l  Laser and optoelectronics /  
Illumination and energy

l Biophotonics and medical engineering

l  Laser systems for industrial  
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www.imveurope.com
www.electrooptics.com
www.lasersystemseurope.com
https://www.electrooptics.com/webcast/demand-innovation-award-shortlist-lasers-and-optoelectronics
https://www.electrooptics.com/webcast/demand-innovation-award-shortlist-biophotonics-and-medical-engineering
https://www.lasersystemseurope.com/webcast/demand-innovation-award-shortlist-laser-systems-industrial-production-engineering
https://www.electrooptics.com/webcast/demand-innovation-award-shortlist-optics-manufacturing-technology-optics
https://www.electrooptics.com/webcast/demand-innovation-award-shortlist-quantum-sensors-test-and-measurement-optical-measuring
www.hamamatsu.com
https://www.idquantique.com/
https://www.lumentum.com/en
www.electrooptics.com/LWOPawardwebcasts
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• Sheet metal, Tube, Sections • Handling • Forming 

• Finished products, Parts, Assemblies • Separation, 

Cutting • Joining, Welding • Flexible sheet metal working 

• Tube / Section working • Composites • Surface treatment 

• Tools, Dies • CAD / CAM / CIM systems / Data processing
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