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Laser-based additive manufacturing 
(AM) continues to develop at a rapid 
pace, with it being increasingly 
considered for serial production as well 
as small-batch/prototyping jobs.

Systems with an increasing number of 
lasers and larger build volumes continue 
to emerge, while ongoing work sees 
an increasing number of materials and 
parts qualified for industrial use. To 
complement this, additional headway 
is being made in post processing via 
techniques such as laser polishing, 
texturing (page 14) and peening (page 
22), while AI-assisted in-process 
monitoring techniques (page 6) are 
ensuring the highest quality parts are 
made. What with new types of laser also 
being demonstrated in AM (page 20), 
overall the range of technologies and 
materials that adopters of AM have at 
their disposal continues to increase.

Between the news and cover story 
of this issue we see evidence of AM 
parts and materials passing the most 
stringent qualification checks – those 
that allow them to be used in aviation 
and spaceflight. In the news you can 
read about how SLM Solutions and 
Mimo Technik have successfully met 
the material spec performance for 
ALSi10Mg aluminium powder for Boeing. 

Meanwhile, on page 10, you can learn 
how NASA has been developing AM 
over the years to dramatically bring 
down the cost and lead times of certain 
rocket components, with some already 
being qualified to see the stars in future 
missions!
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LASERS 
IN ACTION

Graphene micro-supercapacitors 
made from fallen leaves
Researchers have developed 
green flexible micro-
supercapacitors from fallen 
leaves irradiated with a 
femtosecond laser. The work 
could help address ongoing 
challenges in facilitating 
wearable electronics, smart 
houses and the Internet 
of Things.

Micro-supercapacitors have 
drawn a great deal of interest 
for their high electrical power 
density, long lifetimes and 
short charging times. However, 
they are typically produced 
from non-biodegradable 
synthetic polymers, resulting 
in excessive electronic waste. 
Moreover, the complex 
multistep process required to 
fabricate them increases their 
production cost. 

In Advanced Functional 
Materials, researchers from 
the The Korea Advanced 
Institute of Science and 
Technology (KAIST) have 
recently described a new one-
step method of fabricating 
highly conductive, intrinsically 
flexible, green microelectrodes 
from fallen leaves. The porous 
3D graphene-inorganic-
hybrid microelectrodes are 
produced in ambient air using 
femtosecond direct laser 
writing lithography without 
any additional materials. 
Taking this strategy further, 
the team also devised a 
method for producing flexible 
micro-supercapacitors.

In the paper, the researchers 
show how the new technique 

can be used to quickly and easily 
produce graphene electrodes 
at a low price, and validated 
their performance by producing 
micro-supercapacitors that 
could power an LED and an 
electronic watch that could 
function as a thermometer, 
hygrometer and timer. 

These results open up the 
possibility of mass producing 
flexible, green, graphene-based 
devices that could be applied 
in wearable electronics, smart 
houses and the Internet of 
Things.

In the abstract of the paper, 
the researchers summarised 
the new method: ‘Hierarchically 
porous graphene is patterned 
on different types of leaves 
via a facile, maskless, scalable 
and one-step laser writing. 
Leaves consist of biominerals, 
which decompose into 

Civan Lasers is combining 
its dynamic beam laser 
technology with Smart 
Move’s laser scan head, 
enabling beam shape 
orientation to be altered 
on the fly in welding 
and LPBF.

Fraunhofer ILT and Trumpf 
have agreed to collaborate 
on accelerating the 
transfer of laser material 
deposition to industry. 
The ILT’s application 
development will be aided 
by Trumpf’s supply of 
laser systems with varying 
optical systems and 
powder feed nozzles.

The US Navy’s Fleet 
Readiness Center 
East has completed 
verification of a laser 
shock peening process, 
which has successfully 
been used on a F-35B 
Lightning II aircraft.

A California-based 
rocket company has 
ordered two 12-laser 
additive manufacturing 
systems from SLM 
Solutions to create lighter, 
faster and more robust 
space components.

Next Scan Technology is 
being integrated into the 
Scanlab Group and being 
renamed Scanlab BV.

IN BRIEF 

inorganic crystals that serve as 
nucleation sites for the growth 
of 3D mesoporous few-layer 
graphene. The femtosecond 
laser-induced graphene 
microelectrodes formed 
on leaves have lower sheet 
resistance (23.3Ωsq−1) than their 
synthetic polymer counterparts 
and exhibit an outstanding areal 
capacitance (34.68mFcm−2 
at 5mVs−1) and capacitance 
retention (≈99 per cent after 
50,000 charge/discharge 
cycles). 

‘Leaves create forest biomass 
that comes in unmanageable 
quantities, so using them for 
next-generation energy storage 
devices makes it possible for 
us to reuse waste resources, 
thereby establishing a virtuous 
cycle,’ said Professor Young-Jin 
Kim, of the KAIST Department of 
Mechanical Engineering.

Schematic illustration of the production of femtosecond laser-induced graphene 
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Laser-functionalised glass inspired 
by the morpho butterfly 

Startup to market laser technology for 
creating functionalised surfaces
A new startup, Fusion Bionic, has been 
founded to develop and market laser 
technology for applying nano- and 
microstructures to surfaces. The firm is a 
spin-off from the Fraunhofer Institute for 
Material and Beam Technology IWS. 

In recent years, researchers at Fraunhofer 
IWS and Technische Universität Dresden 
have developed an alternative method 
of permanently applying nano- and 
microstructures to surfaces: direct laser 
interference patterning (DLIP). This process 
incorporates the nano- or microstructure 
directly into the surface using a laser to 
create biomimetic effects.

The lotus effect, for example, uses a 
microstructure to allow any dirt on the 
surface to wash away the next time it rains. 
Meanwhile, the fine ripples of the shark skin 
effect improve the dynamics of air and water 
on the outside of airplanes and ships, thus 
saving fuel. While many such effects have 
previously been achieved using coatings 
or films, these can wear away, causing the 
desired effect to diminish over time.

The new laser method on the other hand 
requires no coatings or films. It is also 
remarkably quick, currently being able to 
handle up to one square metre of surface 
per minute. With the new technology being 
so promising, Fusion Bionic was founded 
this year to develop and market DLIP system 
solutions for biomimetic surface finishing, 
while also providing surface functionalisation 
services to its customers.

‘For a long time, lasers were much too 

and Airbus to develop a microstructure 
that prevents ice building up on aeroplane 
wings during flight. Traditionally, this is 
achieved by piping hot exhaust air from 
the aircraft engines to the wings. However, 
this wastes energy. The project found the 
energy required by an ice protection system 
decreased by 80 per cent when the wings 
also incorporate a DLIP microstructure. 

‘This is an especially good solution for the 
electrically powered planes of the future, 
because those engines won’t generate any 
waste heat,’ remarked Kunze. Other projects 
have worked on processing implants (see 
page 14) such as prosthetic hip joints and 
dental implants to make their surfaces 
especially biocompatible or antibacterial.

To accelerate the development of 
innovative surfaces, Fusion Bionic is working 
with the support of its investor, Avantgarde 
Labs Ventures, on a forecasting platform 
using artificial intelligence, intended 
to be used to develop advanced laser 
functionalities. In parallel, a multi-sensor laser 
processing test bench is being developed 
at Fraunhofer IWS that uses artificial 
intelligence to quickly predict and create the 
optimum surface structure for any problem.

Researchers have proposed a 
laser nanosoldering process 
for enhancing the electrical 
conductivity of silver nanowire 
electrodes. In recent years, such 
electrodes have been widely used 
in new photodetectors, flexible 
circuits, solar cells and more.

An existing technique for 
building silver nanowires for 
engineered patterns in two and 
three dimensions is femtosecond 
laser direct writing, which is based 
on multiphoton-absorption-
induced photoreduction and offers 
submicron resolution.

This technique, however, results 
in voids or polymer coatings 
between the silver nanoparticles 
that make up the wires, leading 
to poor conductivity. To increase 

the conductivity of the nanowires, 
it is necessary to reduce the gap 
and increase the contact area 
between the nanoparticles. This 
reduces the energy dissipation 
of the conductive electrons in 
the electrode.

Two research groups, from the 
Institute of Photonics Technology 
of Jinan University and the Chinese 
Academy of Sciences’ Institute 
of Physics and Chemistry, have 
proposed an optical method for 
enhancing the electric conductivity 
of silver nanowires produced 
using femtosecond laser direct 
writing, using plasmon-enhanced 
laser nanosoldering.

Described in Opto-Electronic 
Advances, the method generates 
plasmon ‘hot-spots’ among the 

silver nanoparticles, triggering a 
photothermal effect that locally 
solders the nanoparticles, with 
aggregates of these nanoparticles 
then growing into larger particles. 
The process significantly increases 
the contact area between the 
nanoparticles while reducing the 
gap between them, increasing the 
conductivity of the nanowire.

The new technique requires no 
complicated post-processing and 
directly increases the conductivity 
of the silver nanowire electrodes, 
according to the researchers.

Further study of the influence 
of laser power density and 
nanosoldering time on the 
conductivity of silver nanowires 
revealed their resistance 
decreases significantly with an 

increase in either parameter. By 
optimising the conditions of the 
new process, using a laser power 
density of 9.55MW/cm2 and a 
nanosoldering time of 15 minutes, 
the researchers were able to 
increase the conductivity of silver 
nanowire to 2.45x107S/m, which 
is around 39 per cent of that of 
bulk silver. 

They have determined that the 
new method provides an efficient, 
controllable and low-cost method 
to improve the conductivity of 
silver nanowires, and promotes the 
application of femtosecond laser 
direct writing of silver nanowire 
electrodes as active SERS 
substrates, transparent electrodes, 
capacitors, light-emitting diodes 
and thin-film solar cells.

slow to be used for finishing surfaces with 
large areas compared to coating or applying 
films,’ said Dr Tim Kunze, managing director 
of Fusion Bionic, who founded the company 
together with three partners. ‘But with 
the DLIP process we’ve made the leap to 
processing large surface areas quickly.’

The DLIP process works by splitting a 
single laser beam into multiple clusters 
of beams. To apply a pattern to the 
surface, these multiple laser beams are 
superimposed in a controlled way to create 
what is known as an interference pattern. 
This pattern can then be distributed over a 
wider area, allowing surfaces with large areas 
to be processed rapidly.

During his time at Fraunhofer IWS, Kunze’s 
team worked closely with Professor Andrés 
Lasagni, of Technische Universität Dresden, 

Laser nanosoldering increases conductivity of silver nanowire electrodes

“This is an especially good 
solution for the electrically 
powered planes of the future”
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GE Aviation installing five AM systems 
to facilitate serial large-part production
GE Aviation is installing five GE Additive 
Concept Laser M Line systems this year.

The first four M Line systems will be 
installed at GE Aviation’s Additive Technology 
Center (ATC) in West Chester, Ohio, while 
the fifth will be installed at Avio Aero’s Turin 
site in Italy to support serial production of 
additive components for the firm’s Catalyst 
turboprop engine.

Throughout M Line’s three-year 
maturation phase, GE Additive has worked 
collaboratively with GE Aviation and a small 
cohort of other aerospace and medical 
sector customers who are already in serial 
additive production, to beta test the M Line 
system. This phase resulted in more than 
300 design improvements, with additional 
safety and software features incorporated 
into the system, as requirements changed in 
response to the more rigorous demands of 
customers aiming to move into additive serial 
production.

Continuous improvement and input from 
GE Aviation informed the most critical and 
fundamental change to the system – an 
increase to the build envelope by 54 per 
cent, to 500 x 500 x 400mm – to enable 
progression to the serial production of larger 
additive parts.

‘The time and work we have collectively 
invested with our GE Additive colleagues 
to define, shape and then iron out the 
specification and functionality of the M Line 
means we now have a scalable solution that 
can build large components in a high-volume 
production environment, while meeting our 

than before – claiming its process is five to 
10 times more productive than the industry 
benchmark. Next up is the qualification of 
high-strength aluminium alloys on SLM 
Solutions machines for Boeing.

Part of the reason for its success is SLM 
Solutions’ open architecture philosophy, 
which has enabled Mimo Technik to 
grow from designing and manufacturing 
motorsport and racing parts to producing 
and qualifying AM components for some of 
the aerospace industry’s biggest players.

‘SLM Solutions technology enables us 
to create parts and design processes that 
are just not possible on any other platform,’ 
said Jonathan Cohen, CEO and co-founder 
at Mimo Technik. ‘Their open parameters, 
open architecture system and engineering 
spirit let us refine our processes and create 
parts to the highest standards in critical 
systems. From structures to electronics, the 
entire system is customisable to achieve the 
needed results.’

In total, Mimo Technik now has one 
SLM 125, three SLM 280s and three SLM 
500 machines.

A German-Canadian consortium 
is looking to tackle productivity 
challenges in additive 
manufacturing using artificial 
intelligence.

The consortium is developing 
new software for process control 
to automatically optimise laser 
material deposition (LMD), making 
it considerably more productive.

The work will have relevance 
to applications such as those in 
the mining industry, where rock 
crusher teeth need to be regularly 
overhauled. Using LMD, new layers 
can be applied to the worn part 
until the original geometrical 
shape has been reconstructed. 
However, the part’s uneven wear 
means that layers of varying 

thickness must be applied, which 
requires an operator to perform 
measurements after each coating 
step, or at least after every 10th 
layer, to readjust the process.

The partners of the AI-SLAM 
project (Artificial Intelligence 
enhancement of process sensing 
for adaptive laser additive 
manufacturing) are jointly 
developing software for plant 
manufacturers that can be used to 
run LMD processes automatically. 
For this purpose, the system 
records geometries during 
the coating process, detects 
deviations from the specified 
contour and readjusts process 
parameters, such as the feed rate. 
The optimised control parameters 

are calculated with the help of AI. 
The software analyses a larger 
dataset and independently learns 
how to iteratively improve the 
process. 

The most recent milestone 
in the three-year project, which 
concludes in March 2024, was 
commissioning the software 
functionality for both scanning 
components and automatic path 
planning at Fraunhofer ILT – one 
of the German members of the 
consortium, the other being 
software developer BCT. In 
Canada, the project is coordinated 
by the National Research 
Council, while a team from 
McGill University is responsible 
for the research side of the 

project. Software firm Braintoy 
is programming the machine 
learning algorithms, while the 
LMD industrial service provider is 
Apollo Machine and Welding.

The project’s Canadian partners 
are continuing to develop the LMD 
technology for repair companies, 
such as Apollo, which uses several 
tons of material annually for 
the repair of wear parts – such 
as the rock crusher teeth. The 
expectations for efficiency gains 
through automated process 
control are high. In addition to 
the mining industry, potential 
applications also span the energy 
sector, the automotive industry, 
telecommunications, construction 
and infrastructure management.

cost entitlement goals,’ said Chris Philp, 
site leader for GE Aviation’s ATC. ‘We are 
continually developing more additive content 
for new engines, and the size and complexity 
of the parts increases with every generation 
of products developed.’

Once installed at the ATC site, two M Line 
systems will be dedicated to aluminium alloy, 
and one each of the two other systems to 
cobalt chrome and nickel alloy 718, adding 
additional manufacturing capacity to GE 
Aviation’s existing additive infrastructure in 
its state-of-the-art development facility.

‘Our goal is to realise the aviation additive 
industry’s first automation-ready production 
environment,’ said Benito Trevino, general 
manager of GE Aviation’s additive integrated 
product team. ‘Once installed, we envisage 
that our multi-machine approach, with the M 
Line platform at the heart of production, will 
help us reduce our lead and print times by 
over 50 per cent.’

Faster qualification of AM parts 
for aerospace
Mimo Technik, together with additive 
manufacturing firm SLM Solutions, has made  
progress in qualifying additive manufacturing 
parts and processes for the aerospace 
industry.

Mimo Technik has successfully met the 
material spec performance for ALSi10Mg 
aluminium powder for Boeing, and has done 
so at increased productivity rates.

The firm is now able to qualify materials, 
processes and parts for aerospace faster 

Project ramping up LMD productivity using AI
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Two of the four systems to be installed at the ATC 
site will be dedicated to aluminium alloy, while the 
other two will be dedicated to cobalt chome and 
nikel alloy 718
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We spoke with Arnold Mayer, 
of Optech Consulting, to 
discuss his preliminary findings 
for last year’s global market for 
industrial laser systems

The global market for industrial 
laser systems saw strong 
growth last year, despite the 
pandemic. Preliminary data 
based on the first three quarters 
show it reached a new record 
high of $21.3bn, up 22 per cent 
versus 2020. The market for 
industrial laser sources also 
reached a new record volume of 
$5.2bn in 2021.

These findings, obtained by 
market research firm Optech 
Consulting, were shared by the 
firm’s general manager, Arnold 
Mayer, at the recent Lasers and 
Photonics Marketplace Seminar, 
held at the Photonics West 
conference in San Francisco.

‘This growth was driven 
mainly through the major end 
industries of laser materials 
processing, including micro-
electronics, automotive 
and general sheet metal 
processing,’ Mayer told Laser 
Systems Europe. ‘Demand 
for laser processing even 
picked up because the 
pandemic increased electronic 
equipment sales. Demand in 
the automotive industry was 
spurred by the transition to 

e-mobility; applications here 
mainly include high-power 
welding and foil cutting. Also, 
general sheet metal cutting 
saw strong demand in 2021. 
Despite the application having 
been around for decades, the 
technologies involved continue 
to grow and develop.’ 

For this last point he shared 
the example of fibre lasers, 
which continue to deliver more 
power for less cost. ‘This is 
opening up a lot of new market 
opportunities in sheet metal 
processing,’ said Mayer. ‘Sheet 
metal has traditionally been 
cut by stamping presses for 
larger lot sizes, whereas for 
small lot sizes, laser cutting has 
increasingly been used. This is 
now changing, however, due to 
laser cutting increasing in power 
and throughput, and becoming 
extremely productive.’

Consequently, laser cutting 
can now compete with stamping 
presses and take market share 
for processing medium lot sizes, 
according to Mayer. ‘This is an 
ongoing process,’ he remarked. 
‘There is still a lot of additional 
potential in sheet metal cutting 

that can be unlocked by lasers. 
This is also true for thick sheet 
metal, where laser cutting 
competes with plasma cutting.’

China continues to stimulate 
market growth
In terms of region, China is 
playing an extraordinary role 
in stimulating the growth 
of the laser system market, 
having contributed a very 
high share towards global 
industrial manufacturing. 

‘The country has now 
adopted laser technology to 
the same extent as Europe and 
the US, meaning it is by far the 
largest market for industrial 
laser systems,’ said Mayer. 
‘This is driven in particular by 
sheet metal cutting, which 
has shown significant growth 
in the region in recent years, 
but also microelectronics 
manufacturing, a lot of which is 
now located in China.’

Lasers have become 

GLOBAL LASER SYSTEMS 
MARKET SHOWS STRONG 
GROWTH IN 2021

an enabling technology 
in the production of many 
microelectronic products – 
for example semiconductors, 
displays and printed 
circuit boards. 

‘A lot of consumer electronics 
firms in the west have their 
products manufactured in 
China, while an increasing 
number of local (Chinese) firms 
are also having their products 
manufactured there,’ Mayer 
explained. ‘So that has opened 
a lot of opportunities for certain 
laser applications – for example, 
micro processing using 
short- and ultra-short-pulsed 
(USP) lasers.’

The pandemic is also a 
contributing factor to increased 
electronics manufacturing in 
China. According to Mayer, 
increased demand for home 
office equipment and electronic 
devices in general caused a 
surge in sales. This followed 
a lull in the market in 2019, 

Preliminary data shows the global market for industrial laser systems 
demonstrated 22 per cent growth, to $21.3bn in 2021

Global market for laser materials processing systems
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when smartphone sales had 
previously decreased. 

‘The natural bounce back 
of the industry following the 
lull, combined with increased 
demand during the pandemic, 
led to a surge in sales, which 
in turn launched a new 
investment cycle for electronics 
manufacturing equipment,’ 
Mayer remarked.

One thing he did note 
about China though, is it 
isn’t competing as well in the 
production of high-spec lasers 
– these still come mostly out of 
Europe and the US.

‘Using USP and UV lasers 
as an example, those made in 
China usually result in a trade 
off between higher power and 
quality, whereas in Europe and 
the USA we see continually 
increasing average power, 
high-quality USP and UV lasers 

emerging,’ said Mayer. ‘Chinese 
laser manufacturers will 
undoubtedly catch up at some 
point, however, this will be an 
ongoing development process 
that will take time.’

Future growth segments and 
market forecast
From past experience several 
lessons have been learned, 
according to Mayer. 

‘One lesson is about 
where new laser processing 
applications will likely emerge,’ 
he said. ‘Two major end 
industries for industrial lasers 
are the electronics and the 
automotive industry. In the past, 
new developments in these 
sectors were crucial for new and 
extended laser applications, 
such as for e-mobility, handheld 
electronic devices and their 
components. This is only 

expected to continue. New 
developments in displays, for 
example, repeatedly occur and 
are expected to continue to 
offer new laser applications.

‘Another lesson is about 
which laser types are needed 
for new applications. Often, 
several laser types compete 
and the application selects the 
laser, and suppliers therefore 
need a portfolio of products 
to be well positioned to serve 
these new applications.’

As for how the laser systems 
market could develop in the 
future, Mayer first noted it has 
grown at an average annual rate 
of 9 per cent over the last 15 
years, and that this growth trend 
does not show saturation. 

‘For the next five years, I 
expect continued high, single-
digit market growth rates,’ 
he said. ‘There is plenty of 
application potential in the 
major end industries mentioned 
earlier: automotive, electronics 
and general sheet metal 
manufacturing. In addition, it 
is always worthy to observe 
megatrends that have an impact 
on industrial manufacturing, 
also in other industries.’
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“Preliminary data shows the 
global laser systems market 
reached a record high of $21.3bn, 
up 22 per cent versus 2020”

A continued high, single-digit 
growth rate would lift the laser 
systems market to a volume 
above $30bn within five years, 
corresponding to more than 
30 per cent of today’s machine 
tool market. 

‘However, I always add a 
cautionary footnote to this 
forecast,’ Mayer remarked. 
‘The demand for industrial 
laser systems has a history 
of being highly susceptible 
to macro-economic ups 
and downs, similar to the 
demand for machine tools or 
semiconductor equipment. In 
2009, for example, the demand 
for industrial laser systems 
decreased by more than 40 
per cent, and it took several 
years for the market to return 
to its long-term growth line. 
Fortunately, there has been no 
comparable downturn for more 
than 10 years, but we cannot 
exclude that for the future.’

Mayer will share his full 
findings of the 2021 market 
data at the upcoming 15th 
International Laser Marketplace 
in April, to be held alongside 
the Laser World of Photonics 
exhibition in Munich. l

The technology proportions of the $5.2bn 2021 global market for industrial 
lasers, based on preliminary data

The global laser systems for material processing market, compared with the 
global machine tool market

Global market for lasers for materials processing 2021 Lasers systems for material processing vs machine tools – global market

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

MARKET UPDATE

www.twitter.com/lasersystemsmag
www.lasersystemseurope.com


Matthew Dale learns how 
additive manufacturing is 
optimising the production of 
rocket components

Additive manufacturing (AM) 
has been a ‘game changer’ 
for the production of complex 
components used for 
propulsion applications in space 
flight. 

Such was shared by Paul 
Gradl of NASA’s Marshall Space 
Flight Center in a recent SPIE 
webinar hosted in the run up to 
the Photonics West conference 
in San Francisco.

‘Liquid rocket engines are 
inherently complex,’ he began. 
‘A lot of challenges exist with 
traditional manufacturing 
methods, as none of the alloys 

we’re using are actually easy 
to process with traditional 
techniques. In addition, some 
of the lead times using these 
traditional methods – for 
example, forging or casting 
– might be two months, six 
months, or in some cases even 
12 months.’

NASA has therefore been 
exploring the field of AM to 
develop certain components. 
With it, lead times are being 
brought down anywhere 
from 2-10 times, while cost 
reductions upwards of 50 per 
cent are also being achieved.

‘It really is a game changer 
for complex components,’ Gradl 
confirmed.

Explosive development
To demonstrate his point, 
Gradl shared the example of 
a combustion chamber – the 
heart of a rocket engine where 
temperatures can reach 
upwards of 3,000°C. 

Made using a copper alloy 
with traditional manufacturing 
methods, multiple forging, 
machining, slotting, joining 
and assembly operations are 
required to produce this part, 
taking approximately 18 months 
and costing around $310,000.

‘When we started 
development with AM, however, 
we were able to make this 
copper alloy combustion 
chamber in just a couple of 
pieces using laser powder bed 
fusion (PBF),’ said Gradl. ‘We 
cladded on a structural jacket to 

CHANGING 
THE GAME OF 
SPACEFLIGHT

Progression of 65 per cent scale Integral Channel Wall Nozzle build using LP-DED 

RP
M

I /
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the outside using electron beam 
wire directed energy deposition 
(DED), and were able to reduce 
the lead time to around eight 
months and at a cost of 
$200,000. 

‘As we continued to evolve 
AM, supply chains became more 
accessible and we expanded 
our knowledge of this, which 
enabled us to bring these 
numbers down even further 
– the lead time is now around 
three to five months and the 
cost is $125,000. And you’re 
seeing this across the whole 
industry right now. Again, it’s 
very much a game changer 
for a lot of our component 
development.’

While NASA has been 
successful in using machines 
equipped with infrared lasers 
to produce the combustion 
chambers, this has created 
challenges due to the high 
reflectance of the copper alloy 
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being used. As a result, Gradl 
explained that the agency is also 
looking at certain applications 
where green and blue lasers can 
be used to increase efficiency 
and productivity when printing 
copper alloys with laser PBF or 
wire/powder DED processes.

Such laser processes make 
up the leading AM techniques 
used by NASA, according to 
Gradl. Other non-laser AM 
techniques used by NASA 
include electron beam PBF, arc 

wire DED, electron beam wire 
DED, cold spray, additive friction 
stir deposition and ultrasonic 
AM. 

‘There’s a lot of different 
flavours of AM, with each 
having its own advantages and 
disadvantages, but they’re all 
very supplementary to each 
other,’ Gradl remarked. ‘We’re 
going to see each technique 
evolve over the next several 
years, and I’m very excited about 
what this means for aerospace.’

Large rockets, large parts
The DED techniques in 
particular are facilitating 
an ongoing ‘exciting’ trend 
being seen across the entire 
aerospace industry, according 
to Gradl: the advancement of 
large-scale AM.

In space flight, for example, 
large parts such as a liquid 
rocket nozzle can be produced 
using laser powder DED. Here, 
powder is injected through 
an inert gas stream using the 

laser to locally melt that powder 
and build the parts layer by 
layer. Gradl showed a nozzle 
measuring a metre and a half in 
diameter and almost two metres 
in height which, despite its size, 
also featured integral channels 
with wall thicknesses down to 
around one millimetre.

‘We can vary the different 
optics used for laser powder 
DED to control our spot size, 
which provides not only different 
deposition rates, but also 
different feature sizes…there’s 
a lot of active research ongoing 
in this area,’ he said. ‘This 
particular part we built in about 
90 days. Traditionally, this would 
have been probably a 12-18 
month fabrication process. So 
again this shows the flexibility of 
AM to reduce our lead times.’

An even larger demo part 
measuring almost three metres 
in height was also shown by 
Gradl, which he explained 
was developed for the RS-25 
engines set to fly on NASA’s 

“None of the 
alloys that 
we’re using 
are actually 
easy to 
process with 
traditional 
techniques”

g

“We were 
able to make 
a copper alloy 
combustion 
chamber in 
just a couple 
of pieces 
using LPBF”
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Full scale RS-25 SLS Nozzle Liner built using LP-DED

Bimetallic combustion chamber 
with GRCop-42 L-PBF liner and 
NASA HR-1 LP-DED jacket 

upcoming Space Launch 
System – the most powerful 
rocket ever built by the agency. 
‘So again, you can see the 
scale flexibility of some of the 
different laser processes: we 
can build very small, complex 
parts, but also these very large 
parts as well,’ he said.

The path ahead
Despite the progress being 
made, AM is still at a very early 
stage in aerospace, according 
to Gradl. He remarked that we’re 
going to see a lot of growth in 
the field over the next couple 
of decades, to mature it to 
the point where it’s more of 
a traditional manufacturing 
process. 

For space flight in particular, 
the path ahead is clear, 
with NASA having identified 
emerging development areas for 
producing liquid rocket engines 
with AM:
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•  The maturing of each AM 
process and furthering 
understanding of 
microstructure, build 
limitations, and methods for 
design and post-processing 

•  Continual development of 
large-scale AM using DED and 
other processes

•  Continuous hot-fire and 
component testing to advance 
the various combustion 
chambers, injectors, 
nozzles, ignition systems, 
turbomachinery, valves, lines, 
ducts and in-space thrusters 
being developed

•  Learning how to combine 
various AM processes for 
multi-alloy solutions and to 
increase design opportunities

•  Advancing the commercial 
supply chain for certain unique 
alloys, including GRCop-42, 
NASA HR-1 and JBK-75

•  Developing new alloys 
(refractory, oxygen resistant, 
AM-specific [print-
friendly] alloys)

•  Producing a comprehensive 
material database of metal AM 
properties – tensile, fatigue 

g

Large-scale (60” diameter and 72” height) NASA HR-1 nozzle 
with integral channels built in 90 days
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and thermophysical – to aid 
conceptual design 

•  Exploring design complexity 
using lattices and thin-wall 
structures

•  Development of standards 
to safely infuse into flight 
applications

Certain areas stand out more 
than others, however, with 
Gradl highlighting what he 
thought were the biggest three 
challenges in AM for spaceflight: 
‘One of the biggest challenges 
is education: having informed 
users that understand how to 
design for the technology, how 
to properly select different 
build processes, and how 
to achieve the best post 
processing. There’s therefore a 
lot of opportunities in providing 
education systems and 
professional training in this area. 

‘One of the other challenges 
that we’re seeing is the 
availability of alloys that are 
out there. If you look at 
traditional manufacturing, 
there’s thousands of alloys we 
can select from, whereas with 
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Hot-fire testing of a GRCop-42 L-PBF chamber and NASA HR-1 LP-DED 
nozzle with integral channels at the NASA Marshall Space Flight Center 

NA
SA

RS-25 powerhead half shell in 
Inconel 718 built in <14 days 
using LP-DED 

AM there’s a couple of dozen 
alloys. While there’s a lot of 
advancements in these alloys, 
we still need to be able to mature 
them and truly understand their 
microstructure, response to 
heat treatments and resulting 
properties. That will be a pretty 
significant effort to achieve all 
that.

‘And then, of course, there’s 
the qualification side of this too. 
These are new technologies 
that we’re still learning about, 
and we have to be able to fly 
the parts safely. So we have 
to do this methodically and 
have the proper standards and 
qualification tools in place, in 
addition to people that have a 
good understanding of all that.’

NASA in particular has been 
central in the certification of AM 
and producing documentation 
outlining how additively 
manufactured parts can be 
flown safely. For example, 
the NASA 6030 standard has 
recently been released, outlining 
the qualification of AM parts for 

human spaceflight, including 
how the process and materials 
can be certified, and how to 
analyse the parts to make sure 
the microstructure and material 
properties meet the design 
intent.

Ready for launch
After years of research, 
development and qualification 
efforts, one of NASA’s additively 
manufactured parts is now 
finally set to see the stars: ‘We 
will be flying various laser PBF 
parts on the Space Launch 
System as part of our Artemis 
missions,’ Gradl confirmed. ‘The 
pogo accumulator and pogo 
Z-baffle (to dampen propellant 
oscillations) was traditionally 
a welded machine component 
requiring 127 welds, which has 
now been reduced down to 
four welds with a significantly 
reduced part count.’ 

To have such a futuristic 
process as AM contributing to 
these missions is quite fitting, as 
Artemis will facilitate humanity’s 
next step in space travel. Using 
innovative technologies, the 
mission will explore more of 
the lunar surface than ever 
before, allowing humanity’s 
first long-term presence to be 
established on the Moon. The 
knowledge and experience 
gained throughout the mission 
will then be used to take an 
even further step in human 
space travel: sending the first 
astronauts to Mars. l
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Frederic Schell and Christoph 
Zwahr describe how direct laser 
interference patterning can 
augment additively manufactured 
medical implants

With the increasing average 
lifespan of populations in 
developed countries, skeletal 
and bone diseases such as 
osteoporosis are expected to 
increase significantly. Making 
progress in implant technology 
is therefore becoming more 
vital than ever. Additive 
manufacturing (AM) offers high 
flexibility in fabricating novel 
implants that can be individually 
tailored to the patients’ needs 
with minimal effort, compared 
to classical manufacturing 
processes. The layer-based 

construction of the implants 
allows for cavities and scaffold 
geometries that would otherwise 
not be possible. 

Another way to optimise 
implants is to modify their 
surface, which is known 
to influence adhesion and 
proliferation of bone cells.1,2 An 
established method of altering 
the implant topography and 
enhance osseointegration is 
grain blasting and subsequent 
etching of the surface.3 However, 
these processes can introduce 
silica or aluminium impurities and 
residues of acid to the implant 
surface, which can negatively 
impact osseointegration.

New possibilities using 
ultrashort pulse lasers
Laser-based surface texturing 
offers efficiency and scalability 
and is an excellent choice for 
fabricating periodic textures on 
the implant surface. Especially 
with the advent of ultrashort 
pulse (USP) lasers, surface 
texturing should become a 
competitive technology for 
industry. USP lasers emit pulses 
of radiation that are typically 
only picoseconds (10-12s) 
down to femtoseconds (10-15s) 
long. Compared to the more 
established nanosecond-pulsed 
lasers, this technology offers 
multiple advantages. During 
laser material interaction, 
surface material is vaporised, 
which can shield the workpiece 
from further incoming radiation. 

Microtextured implant surfaces 
for enhanced osseointegration
The joint project, ‘OsteoLas’, set 
to conclude at the end of March, 
is being carried out by the 
Fraunhofer Institute for Material 
and Beam Technology IWS, 
together with Leibniz Institute 
for Solid State and Materials 
Research Dresden. Through it 
we have been investigating how 
laser-based surface textures 
can be applied to additively 
manufactured near-beta 
titanium implants to form a new 
generation of medical implants. 

Using laser powder bed fusion, 
we have fabricated implant 
samples from the novel near-
beta Ti-13Nb-13Zr alloy, which 
offers high yield strength and a 
Young’s modulus close to that 
of bone. The implant surfaces 

Creating a new generation 
of medical implants

“Using high-
speed and 
high-tolerance 
DLIP solutions, 
industrial-
scale texturing 
of implant 
surfaces comes 
within reach ”

However, ultrashort pulses 
interact with the material on 
such a short timescale that 
vaporisation takes place mostly 
after the energy of the pulse 
is already transferred to the 
surface. Furthermore, ultrashort 
pulses enable so-called ‘cold 
ablation’, where thermal 
influence on the material is 
reduced significantly compared 
to longer pulse durations due 
to the highly localised energy 
density, allowing for extremely 
precise texturing of the 
surface while avoiding almost 
any melting. At the ultrashort 
timescale, nonlinear effects 
such as multi-photon absorption 
become relevant, allowing the 
processing of materials that 
are otherwise transparent to 
laser radiation.

This article was co-authored by 
Phil Goldberg, Avinash Hariharan 
and Annett Gebert, of the 
Leibniz Institute for Solid State 
and Materials Research Dresden

Figure 1: a) Experimental DLIP setup, b) pulse-wise texturing method using 
pulse overlap and c) DLIPflex module developed by Fraunhofer IWS with 
indicated raw beam and sub-beams
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are then textured using direct 
laser interference patterning 
(DLIP), where the laser beam 
of a USP laser is split into two 
sub-beams using a diffractive 
optical element (see Figure 1a). 
The beams are superimposed 
on the material’s surface to form 
a line-like interference pattern 
that locally ablates the material 
at the interference maxima 
positions, while not exposing it 
to radiation in the interference 
minima positions. This 
technique offers the advantage 
of producing periodic micro- 
and nanotextures inside a 
single laser pulse, and the ability 
to produce feature sizes not 
restricted by the diffraction limit, 
while also being able to reach 
high throughputs compared 
to conventional laser texturing 
methods, such as direct 
laser writing. 

Throughout the course of the 
OsteoLas project, textures have 
been fabricated using ultraviolet 
(UV, 355nm), visible (VIS, 532nm) 
and near-infrared (NIR, 1,064nm) 
laser wavelengths by converting 
the fundamental harmonic of 
a 12ps laser source, using a 
second and third harmonic 
generator. The line-like 
interference pattern emerging 
in the overlapping volume of the 

beams is applied in a pulse-wise 
texturing strategy to the material 
surface, where pulses are 
overlapped by translating the 
sample by the pulse distance 
and hatching lines at an integer 
multiple of the pattern period 
(see Figure 1b). 

At Fraunhofer IWS we have 
developed a compact DLIP 
module based on the principle in 
Figure 1a that can be modified 
to work with UV, VIS and NIR 
radiation emitted by USP laser 
systems (see Figure 1c).

Figure 2 shows scanning 
electron microscope images of 
an exemplary texture fabricated 
with each wavelength, showing 
the main DLIP pattern and so-
called laser-induced periodic 
surface structures (LIPSS) that 
arise from the light-material 
interaction, especially when 
using USP lasers. Among these, 
the grooves possess periods 
greater than the wavelength 
and can be controlled by the 
total laser fluence per unit area. 
On the other hand, the size of 
high spatial frequency LIPSS 
(HSFL) and low spatial frequency 
LIPSS (LSFL) is determined 
mostly by the laser wavelength 
itself, where larger wavelengths 
produce larger LSFL and HSFL 
periods. Our results show that 

USP-DLIP is a versatile tool to 
fabricate complex hierarchical 
structures that can be fine-
tuned for achieving precise 
geometries regarding pattern 
period, depth, as well as 
multiscale features.

In the project we have been 
evaluating these textures 
in terms of their chemical, 
mechanical and corrosive 
properties, as well as their 
performance regarding the 
adhesion and proliferation 
of human osteoblast cells. 
Ongoing cell tests have 
already shown promising in-
vitro performance regarding 
multiple investigated 
osteoblast parameters. 

Process monitoring for quality 
assurance
The production of DLIP surface 
patterns with micro- and sub-
micron resolution requires 
advanced monitoring strategies 
to ensure ablation quality and 
repeatability of DLIP patterns. 
In addition, the monitoring 
systems employed require inline 
capabilities to enable closed-
loop processing. One possible 
approach that has been used 
to identify the working position 
for DLIP is to use the acoustic 
emission generated by laser 
interaction with the surface4. 
It has been shown that the 
interference working position 
can be identified and monitored 
by analysing the change in 
sound level during processing. 
In the future, this approach 
will be used to automatically 
maintain the working distance 
at a specific position when 
machining non-planar 
surfaces, such as additively 
manufactured implants. 

Preparing for industrialisation
For the laser-based texturing 
methods to become viable 
for industrial applications, 
high throughput and process 
reliability are critical factors. 
The design of classical DLIP 
heads offers flexibility in 
texture periods, however, 
it only provides a relatively 
small volume of interference, 
which can be detrimental to 
the process stability when 
working with complex 3D 

Frederic Schell is a PhD candidate at 
the Fraunhofer Institute for Material 
and Beam Technology IWS

Christoph Zwahr leads the direct 
laser interference patterning working 
group at the Fraunhofer Institute for 
Material and Beam Technology IWS

shapes. These challenges can 
be tackled by using high-speed 
DLIP concepts, such as that 
developed by Fraunhofer 
IWS5, which creates elongated 
interference areas up to 
several millimetres in length, 
compared to tens to hundreds 
of micrometres for classical 
DLIP, and reaching throughputs 
up to 1m²/min6. When the 
beams are also collimated in 
the axis perpendicular to the 
interference lines, a very large 
vertical processing window 
of up to a centimetre can be 
obtained, over the length 
of which the pattern period 
remains virtually stable. 

Using these high-speed and 
high-tolerance DLIP solutions, 
the industrial-scale texturing of 
implant surfaces comes within 
reach of becoming the next 
step in battling the growing 
prevalence of bone diseases. l

This work was partially financed 
by the European Regional 
Development Fund (EFRE) and 
by tax revenues on the basis 
of the budget adopted by the 
Members of the Parliament 
of Saxony (funding reference 
100382988/100382989).
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Alexandre Rondepierre and 
Olivier Casagrande demonstrate 
a new approach that 
overcomes existing laser shock 
peening challenges 

Through a collaboration 
between Thales LAS and the 
PIMM laboratory, a fast and 
user-friendly laser peening 
configuration has been 
developed. This has been 
achieved using a new generation 
of high-power and high-
frequency laser systems.

How does laser shock peening 
reinforce metals?
Laser Shock Peening (LSP) is a 
mechanical surface treatment 
process that has been used 
mainly in the aerospace and 
nuclear industries for more than 
50 years. 

As shown in figure 1, LSP 
consists of focusing a high-
power laser pulse (1-10J, 
5-20ns) on a metal target to 
reach a great intensity, typically 
around 2-8GW/cm² (depending 
on the targeted application). 
As a result, a high-pressure 
plasma (>GPa) is created, 
and its expansion generates 
strong shock waves that 
propagate through the treated 
metal. These shock waves 
create a compressive residual 
stress field (due to yielding of 
the metal) that fights crack 
propagation and thus fatigue 
issues. Therefore, the treated 
metal’s properties are improved, 
resulting in higher strength and 
greater lifetime.

However, in modern 
applications a thermal protective 
coating has to be applied (see 
figure 1), as the plasma reaches 
high temperature (>10,000K). 
Altogether, the cost and time 

than 5J for current applications).
In addition to no longer 

requiring the treated metal to be 
covered with a thermal coating 
before any processing, this 
configuration offers reduced 
surface treatment times, 
enabling it to become a great 
asset for industry as it could 
be applied to a wider range of 
applications and at a lower cost.

Eventually, this configuration 
may even be delivered through 
optical fibers, as typical laser 
pulses carried this way are in the 
nanosecond range and carry 
around 0.5J of energy. This 
would enable a safer and more 
manoeuvrable FLSP process.

Overview of the solution 
developed by Thales
As illustrated in figure 2, 
FLSP was developed and 
implemented under an all-
in-one platform that enables 
the user to perform either 

Fast laser shock peening 
shows promise for industry

“This new 
configuration 
is used without 
any thermal 
protective 
coating and at 
a higher laser 
frequency”

required to treat a given surface 
are increasing because of this 
thermal coating.

Why should fast laser shock 
peening bait the industry?
Fast laser shock peening (FLSP), 
also called laser shock repeated 
dense peening (LSRDP), is 
an enhanced version of the 
current LSP process. This new 
configuration is used without 
any thermal protective coating 
and at a higher laser frequency: 
200Hz has been demonstrated, 
compared to the 20Hz used in 
current industrial applications. 

Furthermore, small laser 
spots are used (0.8-1.5mm) 
with high overlap ratios (>1,000 
per cent). More compact laser 
systems are also associated 
with this configuration, as 
no more than 1J of energy 
is required per laser pulse to 
make the peening process 
effective (compared to more 

This article was co-authored by 
Phil Goldberg, Avinash Hariharan 
and Annett Gebert, of the 
Leibniz Institute for Solid State 
and Materials Research Dresden

Figure 1: Main mechanisms of the laser shock peening process
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metrology (to increase process 
accuracy or to check the applied 
parameters: mainly laser pulse 
energy and duration, and spatial 
distribution of energy) or FLSP 
treatments on metals. Al 2024 
and Ti6Al4V were subjected 
to FLSP treatments; a deep 
and high level of compressive 
residual stress was obtained in 
each case.

This platform relies on Thales’ 
new Theia generation of diode-
pumped solid state (DPSS) 
lasers. It delivers laser pulses 
of up to 1J of energy, with a 
pulse duration of 10ns and at 
either 1,064, 532 or 355nm (in 
the presented configuration, 
treatments were performed at 
1,064nm). Most importantly, this 

laser was operated at a very 
high frequency of 200Hz. Theia 
will be upgraded to even higher 
frequencies by Thales in the 
near future: up to 500Hz.

While developing the FLSP 
solution, the following issues 
were identified and addressed:
•  An air-blowing system has to 

be implemented to clean the 
laser beam path and avoid 
detrimental parasitic plasmas 
(see figure 3). These parasitic 
plasmas are mainly induced 
by metal particles and water 
droplets ejected out after 
laser ablation of the metal 
target; this results in a loss of 
energy transmission. This also 
helps to protect upstream 
optical elements from high-

speed ejected particles.
•  A water jet with a suitable 

flow rate, depending on the 
process parameters (energy, 
frequency and laser spot 
size), must be integrated to 
ensure the water confinement 
(used to increase the plasma 
pressure by slowing down 
its expansion, compared to 
a free expansion in the air) 
is constantly renewed shot 
by shot.

Conclusion and prospects
The FLSP solution has been 
studied experimentally through 
many research works at the 
PIMM laboratory. It is, as of now, 
fully operational to reinforce 
metals in lab conditions. 
However, the critical point 
remains that an air-blowing 
system must be used to thwart 
ejected particles and ensure 
a repeatable process; this 
may be a tough challenge for 

Dr Alexandre Rondepierre is an 
optical engineer at Thales LAS 
France SAS

Dr Olivier Casagrande is a laser 
architect at Thales LAS France SAS

“This platform 
relies on Thales’ 
new Theia 
generation of 
DPSS lasers”
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Figure 2: Rogue Laser facility dedicated to the FLSP process

Figure 3: Air-blowing system to clean the laser beam path

some industrial environments.
It is highly expectable that 

this new configuration will pave 
the way for a larger spread of 
laser peening in industry. As this 
solution is fast and solves one of 
the current pains inherent in LSP 
(the use of a thermal protective 
coating), it may help to address 
new use cases or make current 
ones more cost-effective. l
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Richard Stähr and his 
colleagues are using laser 
drilling to produce perforated 
acoustic liners for insulating 
aircraft noise

Throughout the pandemic, the 
airline industry faced major 
challenges due to lockdowns 
and travel restrictions around 
the world. After a tough 
couple of years, air passenger 
traffic is recovering and will 
continue to increase as it has 
in previous decades, while air 
cargo volumes have already 
exceeded pre-pandemic levels. 
As air traffic increases, so does 
noise pollution, which can 
have serious effects on human 
health and the environment as 
a whole. Not only is the impact 
on the surrounding environment 
a problem, but passenger 
comfort also suffers. In addition, 
regulations on aircraft noise 
emissions have become much 
stricter in recent decades, 
constantly forcing aircraft 
and engine manufacturers to 
take action.

The engines are the main 

source of an aircraft’s noise, and 
numerous efforts have been 
made to reduce noise levels 
through active and passive 
measures. A typical passive 
method for noise reduction is 
the use of perforated acoustic 
liners for sound insulation, as 
shown in figure 1 at the Airbus 
A300 engine inlet. Among 
different designs, acoustic 
liners can consist of sandwich 
panels, with one perforated, 
micro-drilled upper skin layer 
(face sheet), a honeycomb 
structure inside, and a closed 
(sound-reflecting) backside face 
sheet. The components are 
bound together by an adhesive 
film between the face sheets 

quality requirements and the 
sensitivity of the material. 
For the inhomogeneously 
composed carbon fibre-
reinforced materials, this 
technique suffers from high 
tool wear, which can lead to 
inadequate quality and high 
tooling costs. Another limitation 
is the difficult realisation of bore 
diameters smaller than 1mm in 
industrial use.

Laser technology can draw 
on its strengths to address 
each of these issues. Not only 
is there no tool wear, but the 
achievable bore diameters 
are also in the tenths of a 
millimetre range, which can 
be particularly advantageous 

Demonstrating the potential of laser 
micro-drilling in CFRP processing for aviation

“Laser drilling 
is completely 
new to this 
particular 
application, so 
it comes with a 
few challenges”

and the honeycomb structure. 
Wherever operating conditions 
allow and weight savings 
are advantageous, the outer 
layers are made of carbon fibre 
reinforced plastics (CFRPs).

Lasers in, drill bits out
Despite the advantages of 
CFRP, disadvantages such 
as difficult machinability 
and high machining costs 
prevent its wider use. The 
main method currently used 
for perforating CFRP materials 
is conventional drilling with 
a drill bit. Despite years of 
experience with the technology, 
the process remains very 
demanding due to the high 

Figure 1: Micro-drilled acoustic liner at the inlet of an Airbus A300 engine
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for the grazing flow conditions 
inside an engine. Also beneficial 
is the flexibility in terms of bore 
spacing and bore diameters, 
which can be accomplished 
without tool changes by using 
remote machining. In this way, 
the properties of the acoustic 
liner can be adapted to the 
location and conditions of use.

Project miBoS
Because laser drilling is 
completely new to this 
particular application, it comes 
with a few new challenges. First 
and foremost, the cycle times 
of conventional processes, 
which are in the order of tenths 
of a second per borehole, must 
be achieved or, better still, 
improved. Typically, short- and 
ultrashort-pulse NIR-laser 
systems are the systems of 
choice because of their lower 
heat impact on the CFRP, 
compared to continuous-wave 
lasers. They are becoming 
increasingly powerful, but the 
power must also be brought 
to the material surface without 
damaging it – for example, by 
suitable beam shaping and 
adapted process strategies.

In addition, there are specific 
challenges associated with the 
material. One of them is that 

the machining result is sensitive 
to thickness deviations of the 
material. Usually, an amount of 
energy is set at which complete 
perforation is certain to occur. 
If the perforation is finished 
earlier and the process is not 
terminated, the remaining 
energy will pass through the 
bore and cause unwanted 
markings that can damage the 
bonding, or even the backside 
face sheet itself.

In the publicly funded miBoS 
project (Micro-drilling of 
Sandwich Materials), which is 
currently being carried out at 
the Laser Zentrum Hannover 
(LZH), these challenges are 
being addressed together with 
two industrial partners: Invent 
and KMS Technology Center. 
The aim is to demonstrate the 
potential of laser drilling and 
bring this technology closer 
to industrial application. As 
mentioned earlier, improving 

efficiency is crucial. Therefore, 
the process is optimised for 
short cycle times, but attention 
is paid to low heat exposure and 
minimal taper of the bore. The 
project uses a nanosecond-
pulsed laser from Trumpf 
Laser with a high pulse energy 
(EP=100mJ). The pulse energy 
is thus sufficiently high to be 
split into multiple beams, while 
maintaining the fluence on the 
material in an optimal range 
for ablation. The importance of 
laser type, fluence and other 
processing factors has already 
been highlighted in previous 
studies, as shown in figure 2. 
By simultaneously machining 
a large number of holes, cycle 
times will be significantly 
reduced. In addition, it is 
investigating which drilling 
strategy (percussion or helical 
drilling) works most effectively 
for a specific bore diameter. 

Process monitoring and 
control is used in several places 
in the miBoS drilling setup. 
One of them is the monitoring 
of the machining zone by 
means of thermography. The 
thermography images are 
processed and evaluated over 
time to assess the drilling 
progress of each hole. In this 
way, damage to the bonding 

Richard Stähr is an R&D engineer 
in the field of laser processing 
composites and plastics at LZH.

of the sandwich structure is 
to be prevented. In addition to 
the work at LZH, the industrial 
partners are developing, among 
other things, optomechanical 
systems designed to make 
beam guidance and beam 
shaping flexible. Clamping 
devices are adapted so that 
curved components can be 
positioned dynamically with 
a robot. On the material side, 
the acoustic and mechanical 
properties of laser micro-drilled 
specimens are being compared 
to those of conventionally 
drilled specimens 
and evaluated.

When will it be available?
Following the project, the 
process still needs to be 
certified so that it can be 
approved for use in the aviation 
industry. Nevertheless, the 
results from this project are a 
big step in the right direction, 
especially because the 
application of the process 
is, of course, not limited to 
aviation, but can also be used 
in many other industries, for 
example automotive. l

“The results 
from this project 
are a big step 
in the right 
direction”

Figure 2: Cross-section micrographs of laser-machined CFRP, highlighting the evolution in quality and kerf taper 
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Mark Zediker, Jean-Michel Pelaprat 
and Andrew Dodd share how early 
results are already demonstrating 
the advantages of blue lasers in 
additive manufacturing

In the five years since the 
blue industrial laser was 
introduced to the market, 
power and brightness have 
continuously improved. 
Applications have also rapidly 
expanded, beginning with 
improving the speed and quality 
of foil welding for lithium ion 
batteries, then bringing those 
same advantages to materials 
processing applications in 
e-mobility and consumer 
electronics. Now, for the first 
time, we have demonstrated the 
capabilities of the blue industrial 
laser in powder bed fusion (PBF) 
additive manufacturing (AM). 

The performance advantages 
of the blue industrial laser stem 

from fundamental physics. 
Copper, aluminium, stainless 
steel and many other reflective 
metals absorb blue light 
far better than they absorb 
the infrared (IR) radiation of 
traditional laser welding sources. 
IR is often limited to operating 
in keyhole mode, where the 
target material is vaporised, 
ejecting target material and 
leaving voids. Blue works in 
conduction mode, melting 
material with minimal spatter 
and voids. Those characteristics 
lead directly to qualitative and 
quantitative improvements 
in welding, advantages that 
transfer directly to AM. 

Bringing blue to additive 
manufacturing
AM is a blanket term referring 
to a range of part fabrication 
techniques that create parts 
by building up raw material into 
the desired shape. Among the 
laser-based methods suitable 
for creating metal parts, two 
approaches dominate, laser 
metal deposition (LMD) and PBF. 
LMD can produce larger parts 
and is well suited for cladding 
applications, but PBF produces 
better dimensional accuracy 
and smoother surfaces. As a 
result, PBF accounts for about 
95 per cent of applications.

The blue laser’s welding 
performance leads to the 
expectation that it would 
bring the same speed and 
quality advantages to AM. The 

Figure 1, the build rate efficiency 
for blue was about 1.4 times to 
nearly 7 times that of IR. 

The next step in 
demonstrating blue industrial 
laser AM capabilities was 
integration into a PBF machine. 
The PBF process spreads a 
layer of powder feedstock in 
a print area. The laser spot 
heats specific locations, fusing 
the powder. When one layer 
is complete, a subsequent 
layer is added, and the laser 
fuses the raw material to 
both adjacent powder on the 
same layer and to the layer 
beneath. PBF integration 
is challenging because the 
laser source is directed to 
the build volume through an 
optical scanner. To maintain 
the laser spot quality across 
the working area, the scanner 
uses a specialised f-theta lens, 

Proving 
the promise

“We have 
demonstrated 
the capabilities 
of the blue 
industrial laser 
in powder 
bed fusion”

first stage in verifying that 
expectation was to measure 
build rate efficiency – volume 
produced per unit time per watt 
of laser power. Parts produced 
with a blown-powder LMD 
machine outfitted with both an 
IR and blue laser were used to 
produce test blocks in titanium, 
stainless steel, copper and 
other materials. As shown in 

Figure 1: The additive 
manufacturing build rate efficiency 
for the blue laser exceeds that of 
infrared for a wide range of metals

Nuburu is now demonstrating its blue laser technology for use in powder 
bed fusion additive manufacturing

Nu
bu
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but such lenses unavoidably 
introduce aberrations that 
increase spot size. That means 
the laser source must have both 
sufficient power and brightness. 
The Nuburu AI-series, with a 
typical beam parameter product 
of under 5mm.mrad, is the first 
blue industrial laser capable 
of integrating into an optical-
scanning system. 

At SPIE’s Photonics West 
conference in January, Nuburu 
reported results for a PBF 
machine after its standard 
200W single-mode IR laser had 
been replaced with the 200W 
AI-200. The system delivers 
a 175µm x 200µm spot to the 
build volume, creating a power 
density of 524W/cm2, depositing 
20µm thick layers over a 90mm 
x 90mm addressable area. Test 
articles in both SS316L powder 
and pure copper powder were 
each fabricated in conduction 
mode, achieving a reduced spot 
size, less spatter and improved 
part density. Density is a key 
performance metric for AM, 
as ‘solid’ material maximises 
the mechanical, thermal and 
electrical properties of the 
finished part. 

For example, proof-of-
principle tensile bar test 
coupons made from SS316 
stainless steel have greater 
than 98 per cent density, and an 
ultimate yield tensile strength 

of 80,000 psi. As-printed 
stainless steel blocks have a 
density of 99.8 per cent. For 
these stainless steel parts, the 
blue laser build rate is twice 
that of the standard IR laser. 
Copper blocks produced with 
blue have an as-printed density 
greater than 97.5 per cent, 
with modifications planned 
to bring that to greater than 
99 per cent. The original IR 
laser was unable to melt the 
copper, making quantitative 
comparison impossible, but 
displaying an obvious difference 
in performance. 

It’s worth noting these initial 
results were achieved prior 
to any process optimisation 
and with no post-processing. 
Process parameters can – and 
should – be adjusted to optimise 
printing performance. In 
addition to the standard optical 
parameters, such as spot size, 
laser power and scan rate, AM 
brings in new variables, such 
as grain size of the feedstock, 
layer thickness and composition 
of the atmosphere in the build 
chamber. It’s reasonable to 
expect that the advantages of 
blue industrial laser PBF printing 
will become even more dramatic 
as these parameters are tuned.

Beyond the part
New adopters of AM can 
be taken by surprise at the 

degree of post-processing 
required to complete an 
additively manufactured part. 
Depending upon the printing 
method, in addition to steps 
such as support removal and 
depowdering, parts may need 
heat treatment, sintering, hot 
isostatic pressing, infiltration 
of filler material and various 
grinding and polishing 
treatments. These steps can 
create shape changes and 
shrinkage, which are difficult to 
predict, but – perhaps worse 
from a global perspective – 
these steps all take time and 
resources. The blue laser 
produces parts not only of 
high density, but also to near 
net shape. 

Compare this, for example, 
with binder jet AM, which joins 
powder with an adhesive-
like liquid – a rapid process. 
Then, however, the part must 
be heated to drive away the 
residual binder and join the 
powder, which shrinks the part, 
often unevenly. That can require 
up to 12 hours of process time 
followed by several hours of 
hot isostatic pressing. Binder 
jet printing may also require 
infiltration of another metal 
into the gaps. These essential 
processes all take time. 

Compare that to the blue 
laser fabrication process. 
The high density as-printed 

Dr Mark Zediker is the CEO and 
founder of Nuburu

Jean-Michel Pelaprat is the CM&SO 
and co-founder of Nuburu

Andrew Dodd is the VP of global 
sales at Nuburu

eliminates the need for 
extensive processing, and the 
printed parts exhibit essentially 
no shrinkage. In addition, 
conduction mode operation 
is inherently ‘more gentle’, 
minimising internal stresses 
and often obviating the need 
for annealing or hot isostatic 
pressing. Blue laser printed 
parts can reach their final form 
simply with a surface polish.

Taken together, the higher 
rate of blue industrial laser 
AM and the minimal post-
processing make a strong 
economic case for preferring 
blue laser AM for aluminium, 
steel, titanium, copper and other 
industrially important metals.

Living up to expectations
Fundamental physics and a 
history of excellent performance 
in welding led to an expectation 
that the blue industrial laser 
would excel in AM performance. 
The advantage was expected 
to be particularly striking for 
powder bed fusion, with its 
capability to produce detailed 
and accurate parts. Simply 
by replacing a PBF machine’s 
standard IR laser scanning 
system with the high-brightness 
AI-200 blue industrial laser 
and its own scanner, the high 
performance expectations are 
proving to be well-founded. Part 
quality is high, production times 
are low, and post-processing 
is minimised. Together, 
these advantages create a 
compelling case for adopting 
the blue industrial laser for 
AM applications. l

“Part quality is 
high, production 
times are low, 
and post-
processing is 
minimised”

Figure 2: Early tests of additive manufacturing with the blue industrial laser demonstrate its ability to quickly 
fabricate high-quality parts in many metals
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Additive manufacturing (AM) 
has brought enormous benefits 
to mankind and has already 
shown its usefulness in a 
variety of cutting edge fields. 
Metallic additive manufacturing, 
which fosters the development 
of smart technologies and 
production systems, is one of 
the essential pillars of Industry 
4.0. Additionally, AM is a 
vital facilitator of the circular 
economy, aiming to reduce use 
of resources while increasing 
commercial prospects. As a 
result, less material will be used, 
and physical inventory will 
be minimised.

Selective laser melting 
(SLM) is one of today’s 
most sophisticated AM 
processes. SLM uses a 
high-energy laser to fuse 

metallic powder and achieve 
layer-by-layer fabrication of 
complicated geometries. The 
complexity of part design 
can be beyond the average 
person’s comprehension, 
and producing such designs 
via traditional manufacturing 
or machining processes can 
be extremely difficult, if not 
impossible. Nevertheless, 
SLM’s advantages, such as less 
material usage, higher process 
precision and control, denser 
material creation and shorter 
manufacturing cycles, make 
it a viable and trustworthy AM 
technique. However, despite 
many benefits, AM also has 
limitations such as poor surface 
quality, reduced material 
strength, voids inherent in the 
AM process and excessive 
tensile residual stresses present 
in as-built parts. All these highly 
detrimental effects significantly 
influence the fatigue life of the 
AM component. 

These effects necessitate the 
need for post-processing of AM 
parts, and laser shock peening 
(LSP) has emerged as a possible 
method to improve their fatigue 
life, surface roughness and 
surface integrity if performed 
within a controlled experimental 
environment. LSP increases the 
quality of AM parts and allows 
them to be used in even the 
most demanding applications.

part surface. Such change in 
the residual stress state leads 
to a significant increase in the 
component’s fatigue life. Figure 
2b presents the fatigue life 
improvement of Ti6Al4V where, 
for certain cases, it is possible 
to make improvements of even 
130 times. In this graph, once 
the 10 million cycles have been 
reached, the testing is stopped.

Why upgrade AM using LSP?
These two results are already 
a good sign that LSP is an 
excellent solution for improving 
AM parts for applications that 
require high-quality parts, 
either because of technical 
requirements or safety reasons. 
Furthermore, by applying LSP 
as a post-process of AM, the 
performance of the part can be 
dramatically improved in terms 
of fatigue life. Such performance 
improvement can allow AM 

Upgrading additively
manufactured parts 
using laser shock peening

Sanin Zulic and Sunil Pathak share 
how laser shock peening can be 
used to improve residual stresses in 
additively manufactured parts 

“LSP can 
improve 
the fatigue 
life, surface 
roughness and 
surface integrity 
of AM parts”

How does LSP work?
LSP consists of four stages: (i) 
delivery of a laser beam with 
defined energy; (ii) plasma 
generation on the material’s 
surface under the confining 
medium (the confining medium 
is critical in preventing plasma 
from expanding away from the 
surface and generating strong, 
high-pressure shock waves); (iii) 
propagation of high-pressure 
waves through the materials; 
and (iv) plastic deformation 
and generation of compressive 
residual stresses inside the 
material. Figure 1 depicts a 
schematic of the LSP process.

Improving AM parts using LSP
By applying LSP, it is possible 
to change the state of residual 
stresses in materials. LSP can 
therefore be used to transform 
the harmful tensile residual 
stresses found in AM parts 
into beneficial compressive 
residual stresses that work 
to improve part performance. 
Figure 2a illustrates the typical 
residual stress depth profile 
before and after applying LSP 
on AM-produced 316L stainless 
steel. While other surface 
enhancement technologies 
impart the compressive 
residual stresses up to a few 
hundred micrometres, LSP 
can impart residual stress 
several millimetres below the 

“LSP can 
shorten 
manufacturing 
time in certain 
cases by 
allowing thicker 
printing layers”

Figure 1: Illustration of the laser shock peening mechanism

Figure 2: a) Residual stress depth profile for AM SS 316M before and after 
LSP; b) Fatigue life results for AM Ti6Al4V before and after LSP
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to be implemented in highly 
sensitive applications and a 
more comprehensive range of 
industries, such as aerospace or 
biomedical. Moreover, LSP can 
be effectively used to shorten 
the manufacturing time in 
certain cases by allowing thicker 
printing layers. Also, proper 
application of LSP can decrease 
the cost of the feedstock by 
eliminating imperfections 
created in parts printed out of 
older or lower-quality powder. 
All the reasons mentioned make 
LSP an upcoming technology 
for additionally upgrading the 
quality of AM-produced parts, 
as well as for improving the 
commercial aspects of AM.

Delivering it to industry
HiLASE is equipped with a 
state-of-the-art LSP cell, which 
is effectively utilised for post-
processing AM parts. Several 
different materials, including 
smart materials (NiTi), stainless 
steel, aluminium and its alloys, 
titanium alloys and others, have 
been successfully treated with 
LSP at HiLASE. The results have 
shown impressive improvements 
in the treated parts in terms of 
residual stresses and fatigue life. 

Together with our partners, 
HiLASE can deliver the 
equipment required to start 
using LSP as a post-processing 
technique for AM. Furthermore, 
HiLASE is now offering 
consulting services to help 
integrate LSP technology into 
industrial production, as well as 
develop LSP processing for AM 
parts for particular applications. 

On 9 March at 15:00 CET 
we will be hosting a webinar: 
‘LSP and Metal Additive 
Manufacturing’, to share this 
topic further with industry. Our 
expert will give a more detailed 
explanation on LSP capabilities 
to improve performance 
of AM-produced parts and 
consequently how it can help AM 
technology be widely accepted 
across numerous industries. 
Register at: bit.ly/LSP_AM l

Sanin Zulic is a junior researcher 
at HiLASE

Dr Sunil Pathak is a postdoctoral 
researcher at HiLASE

MicroLEDs show great 
potential for future display 
applications. They will 
enhance the user experience 
and extend the range of 
applications for both super-
large, direct view displays, 
as well as super-bright micro 
displays as demanded for AR/
VR applications. 

In the early stage 
of a product life cycle, 
technologies move fast, 
and many challenges are 
not solved today, with the 
consequence that microLED 
manufacturing standards are 
not yet fixed. Shrinking die 
sizes, along with the ability 

to transfer large quantities of 
dies simultaneously from the 
growth wafers onto temporary 
carriers and final backplane 
substrates, are still a big 
challenge. 

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.

Overcoming fragility
In contrast to miniLEDs, 
where the sapphire growth 
wafer might stay with the 
LED, microLEDs need to be 
released from the wafer and 
are only a few micrometres 
in thickness. As a result they 
are very fragile, meaning 

Figure 1: DUV excimer laser-based mask imaging system: a homogenised top-hat beam enables mass transfer

“To produce 
a cost-
competitive 
microLED 
display, the die 
sizes must be 
reduced to a 
few microns”

Oliver Haupt and Jan 
Brune describe how deep-
UV excimer lasers can 
overcome microLED display 
manufacturing challenges

High-resolution DUV laser systems for
enabling mass-produced microLED displays 

g
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non-mechanical processing 
techniques are required to lift 
them off the wafer. 

To produce a cost-
competitive microLED display, 
the die sizes must be reduced 
to a few microns and the 
street widths must shrink 
correspondingly to achieve 
the maximum number of 
microLEDs on one wafer. On 
the other hand, the RGB pixel 
pitch on the substrate must be 
enlarged, so a selectivity that 
enables this is required while 
transferring the dies from the 
growth wafer to the substrate. 
Assembling each subpixel from 
different wafers and the pitch 
enlargement requires that, 
with each shot only selected 
microLEDs – for example, every 
sixth or tenth – are transferred. 
The selectivity in this case 
is incorporated in the mask 
defining pitch enlargement and 
selectivity adequate for the 
specific transfer step.

Coherent has developed and 
designed a high-resolution, 
mask-based imaging system 
(see figure 1) offering micron 
precision and a large field size 
to transfer multiple dies at 
the same time. Mask imaging 
can achieve a resolution of 
approximately 2µm L/S. The 
resolution of a DUV optical 
system, in combination with a 
high-energy laser, is a future-
proven concept that fulfills 
requirements today and in 
future years.

Other transfer technologies, 
for example stamps, are not 
able to combine resolution 
and throughput scalability at 
the same time, and therefore 
are reaching their limits for 
mass production concepts. 
For the mask-based system, 
the throughput is determined 
by the density/pitch of the 
microLEDs, the field size on the 
wafer, and the repetition rate 
of the laser, enabling the mass 
transfer of a hundred million 
microLEDs per hour.

Potential for mass-production 
If a 4K TV needs about 
24 million RGB pixels, the 
processing time of such a 
TV needs to be in the range 
of minutes in the future. 
The three colours must be 
transferred separately in a 
three-step process. In Figure 2 
a processed receiver substrate 
is shown after the individual 
colour transfer, in this case it’s 
40 x 40µm² GaN dies with a 
10µm street width on the  
epi-wafer. 

Another advantage of the 

laser-based, mass transfer 
process is there are several 
supported ways to transfer 
a microLED to the substrate. 
Today, one approach is to use 
a laser lift-off step to release 
the microLEDs from the 
growth wafer to a temporary 
carrier, followed by a selective 
transfer step to increase the 
pitch to the display resolution. 
Here, DUV lasers are the best 
choice for both laser lift-off 
and transfer. Another approach 
with reduced process steps is 
to use the laser-based mass 
transfer direct from the growth 
wafer, with the advantage of 
selectivity and less steps, 
which minimises the risk of 
damages and inaccuracies (as 
shown in figure 3).

Looking forward to 
industrial mass production, 
the laser-based mass transfer 
process shows the greatest 
potential due to precision and 
throughput scalability. Starting 
at R&D system level with a 
transfer of approximately two 
hundred thousand microLEDs 
per minute, there are concepts 

Oliver Haupt is director of strategic 
marketing for the Flat Panel Display 
Segment at Coherent

Jan Brune is manager of the 
Application Lab at Coherent 
LaserSystems in Göttingen, Germany

“The laser-
based mass 
transfer 
process shows 
the greatest 
potential for 
mass production”

for a few million microLEDs 
per minute by increasing the 
field size at the substrate and 
consequently the laser energy. 
With a few million microLEDs 
transferred per minute, the 
total production time of a 
full display reaches the level 
of throughput required to 
reduce the costs to a more 
reasonable level. Very large 
microLED displays today will 
be manufactured by a tile 
approach and, depending on 
the size of the display, a certain 
number of smaller panels will 
be stitched and connected to 
one display. 

The combination of high 
optical resolution, beam 
shaping and high accuracy 
mechanical concepts are 
future-proven solutions for 
next-generation microLED 
display manufacturing, enabled 
by UV high energy lasers. l

Figure 2: RGB mass transfer with 80µm distance between the donor and receiver substrate; die sizes 40 x 40µm²

Figure 3: Laser mass transfer directly from the growth wafer versus transfer from a temporary carrier

ANALYSIS: DISPLAY MANUFACTURING
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Dave MacLellan, 
executive director of 
AILU, on how lasers are 
helping industry reach 
climate change targets

The recent COP26 event in Glasgow focused 
on reducing global warming and the steps 
that might be needed to help limit the 
temperature rise of the planet. It is clear that 
industry, whether energy generation, mining, 
agriculture or manufacturing, must move far 
and fast in implementing change to meet the 
targets set. But how can laser technology 
help facilitate this change? AILU has run 
several events that addressed this topic over 
the past year.

Highly efficient lasers powered by 
renewables
Looking at the global picture in 2022, in figure 
1 (from BP Statistical Review of World Energy 
2021) it can be seen that fossil fuels (coal, oil 
and gas) still account for over 80 per cent of 
the primary energy used for all applications. 
However, more and more countries are seeing 
increasing proportions of their electricity 
generated by renewable sources. In the UK 
for example, approximately 40 per cent of our 
domestic power generation is now achieved 
via renewable means.

This ongoing shift towards higher levels 
of energy generated by renewable sources 
creates interesting opportunities in laser 
processing. After all, fundamentally, lasers are 
systems that convert mains electricity into 
usable light. During my career the efficiency 
at which this can be done has continuously 
improved – high-power industrial solid state 
lasers have progressed from a wall-plug 
efficiency of around 3 per cent to more than 
50 per cent. 

At the recent AILU job shop meeting, I 
shared a case study of a UK stockholder and 
supplier of processed steel plates – a user of 
a 10kW laser cutting system and high-power 
plasma cutting technology – that had installed 
1,100 solar panels on the factory roof, which 
have saved them £70,000 annually, paying 

back in less than three years the cost of the 
installation. This means the laser technology 
in use at this facility is now completely 
powered by renewables during daylight hours. 

Greener steel production 
Heavy industry accounts for a large 
percentage of global emissions. The 
manufacture of steel from iron ore using 
coal alone accounts for around 7 per 
cent of total global emissions. New steels 
coming from Sweden use an alternative 
process comprising hydrogen (created 
from renewable electricity) to reduce the 
emissions of greenhouse gases in this 
industry to near zero. In parallel with this 
trend, there are electric-powered arc furnaces 
that achieve over 80 per cent reduction in 

emissions compared to traditional methods.
Not only are sheet metal manufacturers 

increasingly switching to lasers with higher 
wall plug efficiency (replacing CO2 and YAG 
lasers with fibre lasers), but they now also 
have the option to buy steel made more 
efficiently, which additionally helps reduce 
greenhouse gas emissions – it is important to 
consider the whole supply chain, not just the 
laser source.

Mixed cutting gases
High-pressure pure nitrogen gas is a 
consumable used in laser processing for 
the cutting of metals. Generally, the market 
of subcontract laser cutting job shops 
uses a high volume of this gas, which is 
either delivered by tanker in bulk for local 
storage, or generated using a local nitrogen 
generator with lesser storage to cope with 
varying demand. In the current climate of 

rising energy costs, it is clear the cost of 
generating and transporting nitrogen is likely 
to increase hugely. 

An interesting development is therefore 
the mixing of nitrogen with small amounts of 
oxygen (typically 3 to 5 per cent) to achieve 
the desired processing speed and quality. 
For example, Bystronic states that when 
cutting 10mm-thick mild steel with a 6kW 
laser, a 3 per cent oxygen mix can be used 
to achieve a speed increase of 22 per cent – 
increasing to 25 per cent with a 10kW laser. 
MSS Lasers offer a gas mixer and state that 
using a small percentage of oxygen with 
the nitrogen assist gas can provide better 
edge quality and speed with less burr due 
to the additional heat from the oxygen fuel. 
Overall, this results in a more economical 
cutting process – more parts are cut per hour, 
resulting in less cost, electrical consumption 
and resulting greenhouse gas emissions 
per part.

AILU is interested in helping the community 
of industrial laser users optimise and 
reduce their emissions to reduce energy 
consumption, improve efficiency and shift 
towards sustainable energy consumption. 
Get in touch if you would like to join the 
conversation. l

Laser processing in a 
greener, renewable world

“Cutting or welding with 
higher speed and power will 
generally result in lower 
emissions per part”

Contact AILU:
www.ailu.org.uk • info@ailu.org.uk
+44 1235 539595

Figure 1: Share of global primary energy
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Cracking down on screen fragility

Jana Langhans learns 
how ultrafast lasers are 
facilitating the production 
of glass displays

We touch the displays of our smartphones 
almost every minute and enjoy and trust 
their mechanical and chemical stability. 
The enormous hardness of display glasses 
allows these devices to be highly stressed, 
sometimes for years, without signs of 
wear. Typically, material hardness is always 
accompanied by brittleness. The glasses are 
therefore susceptible to fracture in the event 
of a defect or impact – an annoyance that 
almost every smartphone user has probably 
faced at some point.

The laser as a nanosaw is an established 
tool for cutting glass. At first glance, it seems 
bizarre to process glass with light. However, 
if the photon densities are high enough, as 
is the case when focusing ultrashort laser 
pulses, specific defects can be induced into 
the volume of transparent materials. It has 
been found particularly beneficial to choose 
a focus shape that modifies the substrate 
in a single pass. Elongated, non-diffracting 
focus distributions, such as the famous 
Bessel-Gaussian beam, enable high-quality 
glass edges to be produced. The laser 
modification step – that is, the generation 
of volume modifications – represents only 
half of the overall process. The weakened 
material must then be separated along 
the modification surface in a second step, 
for example, by applying mechanical or 
thermal stress.

In ‘Protecting the edge: Ultrafast laser 
modified C-shaped glass edges’, published 
in the LIA’s Journal of Laser Applications, 
Daniel Flamm and his colleagues point out 
that regardless of whether an advanced 
laser machining process is applied or a 
conventional scribe and break process is 
used, the cut glass will exhibit vertical edges. 
It is precisely at this point, at the tiny corner 
radii, that the brittle-hard material shows the 
main weak points. If an impact occurs here, 

stress accumulates at the right angles with 
cracks or chipping as the material response. 
To significantly reduce the right angle of 
the glass edges to make the substrate less 
susceptible to impact or defects is therefore 
the main goal of the authors’ innovation. 

Chamfered, bevelled or C-shapes are 
particularly in demand, especially when 
the tangential angle to the glass surface 
amounts to 45 degrees. Here, the laser acts 
as a shaping tool where the focal distribution 

assumes the desired contour of the glass 
edge. For this purpose, the authors have 
developed a holographic beam splitting 
technology in which a large number of spots 
can be arranged arbitrarily in a working 
volume. There are virtually no limits to the 
edge trajectories on which more than 100 
foci can be distributed simultaneously 
– chamfer and bevel shapes are as 
conceivable as roof edges, semicircles or 
multiple steps. Adapted processing optics 
enables the glass substrate to be modified 
particularly efficiently and precisely with a 
single pass. An optics inclination, or even a 
flipping of the workpiece, is not required. This 
laser process is highly attractive, as cutting 
and edge shaping can be performed in a 
single step.

In the paper, the separation step is 
realised via wet chemical etching, which has 
proven to be particularly advantageous with 
respect to edge quality and strength of the 
display glasses. In this process, such laser 
modifications are exploited when specifically 
connected by cracks. The etching solution 
can thereby penetrate particularly efficiently 
into the inner areas of the transparent 
material and lead to the separated substrate 
in less than one hour. The glasses with 
tailored edges produced in this way meet 
the demands of the consumer industry in 
terms of roughness, mechanical stability 
and throughput.

The authors demonstrate the laser-based 
fabrication of chamfered glass edges 
enabled by advanced volume-energy 
deposition using a holographic 3D beam 
splitter. Most likely, this innovation will trigger 
novel processing strategies in research fields 
such as welding, data storing, the writing of 
waveguides, or the generation of vias.

LIA NEWS

About LIA
LIA is The Institute for Photonic Materials 
Processing Innovation. Our vision is to help  
make the world a better place through safe, 
optimal and novel use of lasers, optics and 
photonics, including quantum science and 
technology, and their application to 
advanced materials.

www.lia.org

13501 Ingenuity Drive, Ste 128, Orlando, FL 
32826, +1 407.380.1553

“This laser process is highly 
attractive as cutting and edge 
shaping can be performed in a 
single step”
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Image of high-quality laser cut glass substrates with a straight face and a chamfered edge.
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Tell us a bit about yourself and your history 
in laser research.
I decided to study physics in Jena – the city 
of light – and of course, I immediately met 
laser enthusiasts there. Fortunately, I had 
some good teachers and supporters – Dr 
Michael Duparré deserves special mention – 
who recognised my creativity and assigned 
me to exciting projects at home and abroad. 
At that time, I was still working on topics 
about fibre optics and digital holography, but 
I was fascinated by the ability to store and 
transmit information in the spatial structure 
of light. After completing my doctorate, it 
was my privilege to apply my knowledge 
of shaping complex light states for laser 
material processing at Trumpf. The light 
sources developed there deliver remarkably 
high energy and power levels. It is my passion 
to harness these extreme light states to 
employ them profitably for subtle machining 
in the micro- and nanoscale. As a physicist, it 
is particularly satisfying to see how concepts, 
equations and theories learned in university 
can be used to develop products.

What inspired you to start this 
specific project?
In a homogeneous medium, light typically 
propagates in a straight line along its optical 
axis. Concepts in which a focus propagates 
along an accelerating trajectory, where light 
can be directed around a corner, are thus 
fascinating to me. In this way, a light tool is 
realised that can take on the shape of the 
finished workpiece. In the present case, a 
novel holographic beam splitting tool was 
developed, enabling completely new laser 
material processing strategies.

What could your work mean for 
manufacturers in the display industry? 
The process developed enables us to create 
glass edges with customised shapes in a 
single laser pass. This mitigates the greatest 
weakness of conventionally cut substrates: 

the tiny corner radii of the typically vertical 
glass edges. It is precisely here that crack 
discharge occurs in the event of an impact.

Cutting and chamfering in a laser 
process makes the process particularly 
attractive and saves manufacturers various 
time-consuming process steps, such as 
mechanical grinding and polishing. A new 
disruptive process is at hand with the 
potential to replace established techniques.

Not only is the display industry likely to 
find the process highly interesting, but all 
glass and optics manufacturers in general. 
The diverse design possibilities of the edges 
of the transparent materials allow for new 
designs – e.g. for auto-centering optical 
components.

What do you think led to the rapid success 
demonstrated in the paper?
A great team effort, of course, in which 
different disciplines interlocked excellently. 
This is where I see the strength within our 
company. Leading experts in different fields, 
such as laser and optics development, 
materials science and plasma physics 
can cooperate easily and across borders. 
Special mention should be made of Myriam, 
our materials scientist, who conducted 

the experiments and has an excellent feel 
for appropriate laser parameters and the 
corresponding material response.

What did you find most challenging or 
surprising throughout the work?
We were struggling a lot with numerical 
issues, meaning the computational effort for 
designing the hologram. However, we have 
managed to reduce the computation time 
from days to minutes, even for a large number 
of spots. Remarkably, the digital holograms 
we realise via liquid crystal displays actually 
allow the precise phase modulation of the 
light that we predict in our simulations.

We found surprisingly fast laser 
parameters that damage the material in 
such a way that selective etching became 

an obvious option for the separation step. 
Here, we exploit the fact that laser-induced 
local modifications in the volume of the 
glasses are connected by cracks, which we 
specifically create.

Are there any other processes or 
industry areas you think can benefit from 
this innovation?
We are convinced the laser optical 
technique’s ability to arbitrarily split a 
number of spots inside a working volume 
of a focusing unit will trigger several new 
applications. Of course, the primary focus is 
on the processing of transparent materials. 
Strategies such as welding, data storing or 
the drilling of through-vias are promising, 
as volume beam splitting will result in high 
throughputs. Considering non-transparent 
materials, we see advantages when curved 
surfaces have to be laser textured. 

Outside of the material processing field, we 
see potential in particle manipulation, as well 
as microscopy.

Are there any manufacturers currently 
using this method? 
Not yet, but there are several potential 
customers interested in our work. Everyone 
has their own optimal ideas regarding the 
perfect edge shape. It is precisely here 
that we see an enormous advantage of our 
process, as we can serve almost any shape.

What would it take for the industry to adopt 
this approach?
In the micro-machining business, it is usually 
our model to provide the ultrafast laser 
sources and the processing optics. We then 
work with capable integrators who build the 
machines on which laser material processing 
can take place with the highest precision. As 
mentioned before, the separation step may 
be performed via wet chemical etching. Here 
too, we work with reliable partners. We will 
provide information on the status of product 
development in the near future. l

Delving 
deeper

LIA speaks with Daniel 
Flamm about his latest 
research published in 
the Journal of Laser 
Applications

Original research article by Daniel Flamm et al., 
‘Protecting the edge: Ultrafast laser modified 
C-shaped glass edges,’ Journal of Laser 
Applications, 34(1), 012014, (2022), https://doi.
org/10.2351/7.0000592.

“The display industry is likely 
to find this process highly 
interesting”

Menu of glass substrates with different edge contours characterised by scanning electron microscopy
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ExactWeld 430
The new ExactWeld 430 from Coherent 
brings all the benefits of fibre laser welding to 
manufacturers of medical devices, electronic 
components, watches and other high-precision 
products. It delivers high-strength, small seam 
size, cosmetically attractive welds at high 
speeds with minimal heat input. The system is 
easy to integrate into existing production lines 
and can be equipped with a robot interface for 
automatic part handling.

ExactWeld 430 combines a fibre laser source, 
beam delivery optics, part fixturing, motion 
control, process gas delivery and an intuitive 
user interface in a compact, freestanding, 
Class-1 laser enclosure. It can weld virtually any 
metal and even join dissimilar materials.

The system’s working chamber is 500mm x 
400mm x 200mm and incorporates a high-
accuracy, three-axis, CNC linear motion system, 
and it is mounted on a solid granite base. This 
delivers exceptional stability and immunity from 
ambient vibration.

The system can be configured with a variety 
of different Coherent fibre laser sources. These 
include StarFiber series products that can be 
operated either modulated or continuous-
wave, at average powers from 200W to 600W, 

making them ideal for high-speed conduction 
or keyhole seam welding. It’s also available with 
high-pulse energy models that are well-suited 
for spot welding and processing of heat-
sensitive parts. These lasers are complemented 
with a complete selection of fixed focus optics 
and scanning heads to accommodate a very 
wide range of welding requirements. Amongst 
these are Coherent SmartWeld+ scanning 
heads – an advanced form of ‘beam wobble’ 
scanning that is particularly useful for heat-
sensitive materials and dissimilar material 
combinations.
www.coherent.com

CMxa and UDMxa
ACS Motion Control 
has released two 
new products in its 
SPiiPlus series of 
EtherCAT-based 
motion controllers 
and motor drives: the 
CMxa and UDMxa. 
Both are intended for 
applications with micro- 
to nanometre resolution 
and demanding velocity 
control requirements – 
common in laser micro-
machining, metrology 
and inspection 
alignment applications. 

The CMxa has 
integrated motor 
drives that leverage 
powerful servo 
control algorithms 
to maximise motion 
system performance. 
Its universal motor and 
encoder technology 
enable system 
designers to control 
most types of motor 
or stage, providing extreme system design 
flexibility. The CMxa is supported by the 
SPiiPlus ADK Suite, which contains many 
advanced servo tuning and application 
development tools. It can be configured to 
control up to 64 total axes and includes one, 
two, or three built-in drives at up to 265Vac 
and 30A peak current output per axis. 

The UDMxa is a new EtherCAT drive 
controllable by any SPiiPlus series motion 
controller. It features a powerful multi-
processor architecture and includes 
universal motor and encoder technology. 
Advanced capabilities include ServoBoost, 
MIMO gantry control, high-speed position 
event generation and axis position capture. 
This drive is highly recommended for new 
machine designs and existing UDMba and 
UDMhp users. 

These two new products are designed to 
be drop-in replacements for existing CMba/
hp and UDMba/hp users. Both offer reduced 
jitter and noise while providing new optional 
safety features like SS1 and STO.
www.acsmotioncontrol.com

PRODUCT
UPDATE

Jenoptik-Votan A+
Jenoptik has launched a new version of its 
Jenoptik-Votan A laser machine for precise 
laser airbag weakening – the invisible tear 
line for the passenger airbag in its instrument 
panel. With the Jenoptik-Votan A+, automotive 
suppliers will benefit from laser material 
processing with significant advantages in 
terms of cost, size and delivery time. 

The sharply focused laser beam cuts each 
individual hole of the invisible weakening line 
precisely into the material until reaching the 
minimum residual wall thickness. A sensor unit 
uses the transmitted laser radiation to ensure 
the tear line corresponds 100 per cent to the 
preset parameters. The surface material of the 
workpiece is retained in full quality. The control 
loop ensures the predetermined breaking 
point tears open cleanly when an airbag is 
triggered. With the help of digitised process 
monitoring, the exact execution for each 
individual hole of the laser airbag weakening 
can be traced and proven.

The costs of the new system are reduced 
by up to 30 per cent compared to the classic 

system. It requires 13 square metres less 
floor space on the factory floor and can be 
delivered one month faster. This corresponds 
to a reduction in delivery and installation time 
of up to 20 per cent. The Jenoptik-Votan A+ 
has a modular design and can be configured 
and easily expanded. The in-house technology 
software is continuously developed, so that 
it is suitable for Industry 4.0 applications and 
other advances in digitalisation.
www.jenoptik.com

www.lasersystemseurope.com
www.twitter.com/lasersystemsmag


30    LASER SYSTEMS EUROPE SPRING 2022 @LASERSYSTEMSMAG  |  WWW.LASERSYSTEMSEUROPE.COM

PRODUCT UPDATE

LASERS

New Carbide 80W model
Along with the existing 80W, 40W and 20W 
models of Carbide, femtosecond laser 
manufacturer Light Conversion now offers 
an 80W model with 2mJ pulse energy. The 
lasers offer years of maintenance-free 
operation in micro-machining tasks, such as 
drilling and cutting various metals and other 
materials, and state-of-the-art research.

The entire Carbide series shares a 
number of features: pulse-to-pulse energy 
stability and long-term power stability; 
tunable GHz and MHz burst with burst-in-
burst (BiBurst) functionality; pulse-to-pulse 
energy modulation via fast energy control; 
beam quality and beam pointing stability; an 

automated harmonic generator option for 
2nd, 3rd, 4th, and 5th harmonics; module for 
wavelength tunability – an industrial-grade, 
optical parametric amplifier I-OPA; and the 
ability to switch to nanosecond operation.
www.lightcon.com

Quasar UV80
MKS Instruments has introduced its 
Spectra-Physics Quasar UV80 laser, a new 
high-power, high pulse energy ultraviolet 
(UV) wavelength addition to its Quasar family 
of hybrid fibre lasers.

The new laser offers >80W of power in 
the UV with >400µJ pulse energy, as well 
as excellent single-mode beam quality. Its 
TimeShift programmable pulse capability 
results in adjustable pulse widths (from <2ns 
to >100ns), repetition rates (from single shot 
to 3.5MHz) and pulse shapes for laser micro-
machining process optimisation. A burst 
mode feature is also offered.

The Quasar UV80 outputs a near 
diffraction-limited single mode UV beam. 
Its hybrid fibre architecture combines 
advanced fibre laser, power amplifier 
and harmonics technologies to achieve 
exceptional performance. 

The new laser is ideal for applications in 
high-throughput manufacturing of electronic 
packages and components, ceramics, 
PC boards, semiconductors, solar panels, 
lithium-ion batteries and more.
www.spectra-physics.com

Videojet Xtract 
Videojet Technologies has introduced 
a line of fume extractors for use with its 
laser marking systems. They feature a 
digital operating system and interface, 
and real-time analytical data, including 
downloadable performance and 
operating parameters. Customers that 
have deployed any Videojet laser marking systems can take advantage of 
the new Videojet Xtract range.

From improving uptime by keeping the laser lens clean, to helping 
maintain safe operator working conditions, the new range includes 
solutions for both light and heavy-duty marking operations:
•  Videojet Xtract Lite: a compact and competitively priced fume 

extraction system for light-duty laser marking and engraving
•  Videojet Xtract Pro: a technically advanced laser fume extractor 

combining a powerful range of features into one compact unit
•  Videojet Xtract PVC: an ideal solution for laser marking on PVC 

materials. All internally exposed surfaces have been coated to resist 
the corrosive nature of the fumes generated

•  Videojet Xtract Max: a high-end extraction system that combines an 
extremely large filter capacity with high airflow and pressure rates, 
making it ideal for many heavy-duty applications that generate large 
amounts of particulate and gaseous organic compounds.

www.videojet.com

FUME EXTRACTION

Verdi C
Coherent’s new Verdi C multi-watt, CW 532nm 
(green) laser offers a space-saving format for 
scientists and OEMs alike. This is due to the 
newest addition to the Verdi family featuring 
complete integration – where the laser head, 
power supply, control electronics and the water-
cooled baseplate are all incorporated into a 
single, compact package. With an initial choice 
of 12, 15 and 18W outputs, these new lasers 
offer both convenience and performance for 
laboratory and industrial applications.

The Verdi C lasers all make use of Coherent’s 
optically pumped semiconductor laser (OPSL) 
technology, delivering several performance 
benefits, including very low noise; wide (10-100 
per cent) power tunability; and excellent stability 
due to the OPSL design.

The integrated platform and updated 
components of the Verdi C lasers offer 
improved ease of use, reliability and longevity. 
The one-box design eliminates the laser 
umbilical, puts the power supply right next to 
the pump diodes, and includes improvements at 
the component level.
www.coherent.com

New system control for fume 
extraction devices
ULT has launched a new system control 
that, going forward, will be integrated into 
the company’s cartridge filter systems. 
It will significantly expand the systems’ 
communication capabilities, offering users 
convenient evaluation and control options.

This ability is based on an integrated 
Profinet interface, a device that 
enables communication with external systems, such as those for laser 
processing, painting or soldering. Furthermore, it enables the reading 
of operating states, such as filter occupancy, power, process gas 
temperature, error messages and more. An essential part of the new 
system control is a display with plain text. This enables the reading of 
operating and system states, status messages for the extraction system, 
and device parameterisation, for example. The display also increases 
serviceability, as relevant data can be called up quickly and easily.

Sensors integrated into the extraction systems send important 
operating information to the new control. This includes the filter status, 
fill levels of discharge containers or a filter aid metering, error messages 
in the case of blocked suction or exhaust pipes, and various others. An 
integrated memory card for data logging is also part of the new system 
control, as is the option to connect to cloud services.
www.ult.de/en



ADDITIVE MANUFACTURINGBEAM DELIVERY

Canunda-Pulse Green
In response to growing beam shaper demand 
for green ultrashort-pulsed lasers, Cailabs 
has introduced new versions of its Canunda-
Pulse module. Previously available in the 
near-infrared, the company has introduced 
515nm and 532nm wavelengths. This module 
will enable high quality beam shaping for 
applications in micro-processing involving 
materials such as aluminium, nitinol and gold.

Two beam shapes are available in the new 
green wavelengths: round and square top-hat. 
The new module benefits from the previous 
assets of the 1µm version, such as high shape 
quality with great sharpness and plateau 
uniformity combined to depth of field near to 
theoretical limits. Cailabs’ patented Multi-
Plane Light Conversion (MPLC) technology 
also enables a unique feature with the new 
module: mode cleaning. Already implemented 

on the 1µm modules, mode cleaning stabilises 
and compensates output beam fluctuations. 
In addition to top-hat beam shaping, Canunda-
Pulse Green is also available with perfect 
Gaussian output. Moreover, the reflective 
implementation of the MPLC enables the 
handling of high power and energy. 
www.cailabs.com

BrightLine Speed
Trumpf has developed a new technology 
that increases the speed and efficiency of 
sheet-metal cutting. Known as BrightLine 
Speed, the new solution offers particularly 
striking benefits for the 3D cutting of hot-
formed parts – for example, those used 
to produce B-pillars and door frames in 
auto manufacturing.

The technology enables cutting speed to 
be increased by up to 60 per cent for sheets 
up to 4mm thick. It also consumes around 
50 per cent less cutting gas per part than 
conventional laser cutting. It also makes 
the cutting process up to 15 per cent more 
productive with the same laser power, so 
each part requires less energy to fabricate.

At the heart of BrightLine Speed is a 
new laser light cable (LLK), a special 2-in-1 
innovation with an inner and an outer fibre 
core. A TruDisk disk laser couples the laser 

light into the LLK and distributes the laser 
power to the inner and outer cores using a 
wedge switch. This allows users to adapt the 
laser power and beam profile more precisely 
and flexibly to the thickness of the sheet 
currently being processed.
www.trumpf.com

Nickel-based superalloy powder
Velo3D has qualified the nickel-based 
superalloy powder Amperprint 0233 Haynes 
282 for use in its Sapphire family of printers. 
The powder was produced by Höganäs AB 
under licence from Haynes International, 
and is designed for high creep strength, 
thermal stability, weldability and fabricability 
not commonly found in other alloys.

The material is ideal for high-temperature 
structural applications, such as energy 
generation, gas turbines and space launch 
vehicles, to build parts like heat exchangers, 
combustors, nozzles, combustion liners, 
rocket engines and shrouded impellers.

Powdered nickel-based superalloys 
like Amperprint 0233 Haynes 282 are 
often used to print parts for use in high-
temperature applications due to their 
resistance to cracking and ability to operate 
at near-melting-point temperatures. This 
tolerance allows parts printed with the 
alloys to be used in vacuum, plasma and 
other demanding applications. Their high 
weldability makes them ideal for parts in 
larger systems. 

Metal powders qualified to be printed 
with Velo3D’s technology include Hastelloy 
X, Inconel 718, aluminium F357, Ti 6Al-4V 
Grade 5 and several other materials.
www.velo3d.com

Light Tunnel Generator
PowerPhotonic has launched a new class 
of optical beam shaper that saves costs by 
improving the efficiency and effectiveness of 
high-power laser cutting and welding. 

The Light Tunnel Generator is designed to 
create a ring-shaped spot that is maintained 
over such a long distance it creates a light 
tunnel (it has a much slower caustic in 
comparison to an axicon or similar solution). 
The beam shaper comprises a thin glass 
window with high-precision, free-form 
surfaces that are designed to be mounted 
inside a cutting or welding head. They are a 
perfect solution to the problem of creating 
a ring-shaped intensity profile that persists 
over >10mm, far into metal that is being cut 
or welded.

The input beam is assumed to be super 
Gaussian in profile and to be matched to the 
design input diameter. The beam shaper then 

redistributes energy within the beam, such 
that when the beam is focused with a lens, it 
creates a ring. This ring extends many times 
longer than other ring generators, according 
to PowerPhotonic. 

Key advantages of the Light Tunnel 
Generator include: ease of use; three times 
the depth of focus compared to the Rayleigh 
range of an axicon; 95 per cent shaping 
efficiency; and more than 20kW continuous-
wave, high-power handling.
www.powerphotonic.com
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PrintRite3D in-process quality 
assurance
Sigma Labs has expanded its PrintRite3D in-
process quality assurance solution to support 
laser sintering (SLS) polymer manufacturing.

The in-process quality assurance system 
now provides a consistent way to monitor 
production in real-time across 3D printers 
from different manufacturers, supporting 
different processes, and now multiple types 
of materials. The firm intends this to enable 
large global manufacturers to manage the 
quality and consistency of parts manufactured 
in-house, by contract manufacturers and 
throughout their supply chain. 

The enhanced PrintRite3D software 
translates the in-process signatures from 
SLS radiated emissions, allowing for real-time 
monitoring of the polymer prints. This will 
provide end users and OEMs with the ability 
to monitor production and to rapidly detect 
and identify anomalies and defects, delivering 
greatly improved quality assurance.
www.sigmalabs.co.uk

www.lasersystemseurope.com
www.twitter.com/lasersystemsmag
https://sigmalabsinc.com/printrite3d/
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APPLICATION FOCUS: CUTTING

An overview of laser 
cutting and some 
of the technology 
developments made 
in recent years

SHARPER THAN 
ANY TOOL

can be used to cut intricate 
shapes, free of burrs, enabling 
parts to be nested close 
together in the sheet of material 
being cut. This provides the 
ability to either reduce or even 
eliminate scrap entirely. 

Laser cutting can be used 
to process a wide range of 
materials up to hundreds of 
millimetres in thickness. These 
include many metals common 
to industry – copper, brass, 
aluminium, mild steel, stainless 
steel, titanium etc – as well as 
non-metal materials such as 
plastic, leather, ceramic, wood, 
laminate, acrylic, cork, foam, wax, 
textiles and paper.

What lasers are used for 
cutting?
Two types of laser commonly 
used for cutting applications 
are CO2 lasers and fibre lasers, 
each presenting their own set of 
advantages and disadvantages.

CO2 lasers can be found 
at wavelengths 9.3, 10.25 
and 10.6µm, and at powers 
typically ranging from tens to 
hundreds of watts. They carry 
the advantage of being able to 
cut a wide range of materials 
with exceptional edge quality, 

and particularly excel at cutting 
non-metals. They also perform 
well in terms of piercing speed, 
cutting speed and edge quality 
when processing thicker (>8mm) 
sheets of mild and stainless 
steel. The downsides of CO2 
laser systems are that they 
require more servicing and 
consume more power than 
other cutting lasers, incurring 
relatively high maintenance and 
running costs. In addition, they 
are outperformed by fibre lasers 
when processing thinner metals, 
as well as reflective metals.

Fibre lasers operate at 
approximately 1.064µm 
and can be found at powers 
extending well into the kilowatt 
range – up to 40kW cutting 
systems are now available. They 
offer a considerably smaller 
spot size compared to CO2 
lasers, meaning they achieve 
higher-precision cutting and 
higher-optical densities at the 
workpiece. Consequently, they 
excel in speed, particularly when 
cutting thinner (<8mm) sheets of 
mild and stainless steels, as well 
as when processing reflective 
metals. Despite requiring a 
higher initial investment than 
their CO2 counterparts, fibre 

Cutting is one of the most 
common and widely known 
applications of materials 
processing lasers. It is used 
widely in industries such 
as automotive, aerospace, 
solar, electronics, textiles, 
jewellery and medical 
device manufacturing.

The process comprises a 
laser beam – the power and 
wavelength of which depends 
on the thickness and type 
of material being cut – being 
directed through a set of 
optics and manipulated in a 
pattern over a workpiece via 
computer numerical control 
(CNC). The beam is focused 
to hit the workpiece in a single 
spot typically measuring less 
than 500µm in diameter, with the 
intensity of the beam causing 
the material to heat up. The 
material then either burns, melts, 
vaporises or is blown away by a 
jet of gas to leave a high-quality 
surface finished edge. Once the 
beam completely penetrates 
through to the other side of the 
material, the cutting process 
has begun.

Many laser cutting 
applications are assisted by 
either an active or inert gas 
delivered coaxially through 
the same nozzle as the beam. 
Oxygen is the standard active 
assist gas used, for example, 
when cutting mild and carbon 
steels, while nitrogen is the 
typical choice of inert gas when 
cutting, for example, stainless 
steels, aluminium and its alloys. 
When cutting with oxygen, 

the material is burned and 
vapourised after being heated 
up to ignition temperature by 
the laser beam. The reaction 
between the oxygen and the 
metal creates additional energy 
in the form of heat, which 
supports the cutting process. 
The liquid metal is then removed 
from the kerf by the shear force 
of the oxygen jet. On the other 
hand, cutting with an inert gas 
such as nitrogen – also referred 
to as clean or high-pressure 
cutting – instead involves the 
material being melted solely by 
the laser. The melted material is 
then blown out of the cut kerf via 
the force of the gas jet.

What are the advantages of 
laser cutting?
Laser cutting is often favoured 
over alternative cutting methods 
such as plasma, waterjet, 
flame and mechanical cutting 
due to its exceptional speed, 
flexibility, repeatability, precision, 
efficiency, affordability and 
quality, as well as its minimal 
post-processing requirements.

Being a non-contact process, 
laser cutting usually results 
in little workpiece distortion 
or warping. No hard tools 
are required, meaning there 
is no need for tool storage, 
changeover or sharpening – 
reducing setup requirements 
and costly downtime between 
jobs, as well as inefficiencies 
throughout longer jobs. 
Being a highly automatable 
process simplified via CNC 
manipulators and robots, 
users are left with the tasks of 
programming the machines 
and loading and unloading the 
material accordingly.

The highly focused spot 
results in a small heat-affected 
zone, resulting in clean edges, 
precise cuts and the rest of the 
workpiece only being subject 
to minimal thermal stresses. 
Consequently, the technology 
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lasers offer a compact, highly 
efficient solid-state design that 
results in next to no maintenance 
and a much lower cost of 
operation.

Cutting sees continual 
advancement
Despite having been an 
application of laser technology 
since the 1960s, cutting 
continues to see further 
development from machine and 
source manufacturers each year.

One of the more immediate 
advancements users can see in 
cutting systems is the continual 
increase in maximum power they 
can offer to deliver faster cutting 
speeds, quicker piercing times, 
and in turn, lower cost per part. 
Over the past three years, for 
example, system manufacturers 
Amada, BLM Group, Bodor Laser, 
Bystronic and Mazak Optonics 
(to name a few) have all upped 
the maximum power offered by 
their systems.

Mazak Optonics introduced 
a 10kW offering for its Optiplex 
Fiber III systems, enabling it 
to achieve increased cutting 
speeds and greater throughput. 
In addition, the system can 
cut larger thicknesses than its 
predecessors – up to 25.4mm 

mild steel, 31.75mm stainless 
steel and 31.75mm aluminium 
– with the part edge quality also 
being visibly smoother and 
cleaner. The system also offers a 
number of intelligent features to 
optimise operation, such as beam 
diameter control, focus detection 
and auto focus positioning.

BLM Group USA added more 
processing power to its LS5 and 
LC5 flat sheet laser cutters, with 
the new option of a 12kW fibre 
laser source. These machines 
can now cut steel, stainless steel, 
iron, copper, brass and aluminium 
sheets in thicknesses from 1 to 

34.7mm, depending upon the 
material.

Amada also added a 12kW 
source to its Ensis-AJ system, 
designed for manufacturers 
needing fast piercing and 
cutting across a wide range of 
materials. The system can cut 
up to 25mm of aluminium, mild 
and stainless steel, 18mm of 
brass and 12mm of copper. The 
system incorporates Amada’s 
Variable Beam Control to adjust 
the laser mode, allowing it to 
process different materials 
and thicknesses with a single 
cutting lens. It also features 
auto collimation technologies 
to deliver increased beam 
spot control. 

Bystronic increased the power 
of its ByStar Fiber systems to 
15kW, which delivers speed 
increases of up to 50 per cent 
compared to a system with a 
10kW laser source. The firm 
noted the higher power would 
enable its ByStar Fiber systems 
to cut steel, aluminium and 
stainless steel precisely and 
reliably in thicknesses between 
1 and 30mm, and brass and 
copper in thicknesses up to 
20mm. This is aided by a new 
‘BeamShaper’ function that 
adapts the shape of the laser 
beam optimally to thicker sheets 
and fluctuating sheet metal 
qualities. In thicknesses between 
20 and 30mm, the new function 
enhances the quality of the 
cutting edges and increases the 
cutting speed by up to 50 per 
cent, compared to conventional 
10kW machines.

Bodor Laser took cutting 
power a step further and unveiled 
what it says is the world’s 
first 40kW fibre laser cutting 
machine. According to the firm, 
40kW laser cutting will ‘break 
through the bottleneck of cutting 
thickness, create new standards 
and redefine laser cutting to 
achieve a new high point in the 
laser cutting industry.’ At release, 
Bodor claimed the system is able 
to cut 20mm carbon steel at a 
rate of 6m/min and 30mm carbon 
steel at 2.4m/min. The firm also 
has systems in the 10, 20 and 
30kW range, with its 10kW+ 
system sales having reached 
over 1,000 units in 2021.

As hinted by some of the 

additional features offered by 
these cutting machines, power 
isn’t the only aspect of laser 
cutting being improved. In recent 
years, for example, as reported 
in our Winter 2019 issue (www.
lasersystemseurope.com/issue/
winter-2019), fibre laser source 
manufacturers such as Coherent, 
NLight, Trumpf, SPI Lasers, IPG 
and others have all released 
lasers with variable beam quality 
– the shape of the output beam 
can be adjusted – which has 
been shown to provide better 
cutting results across different 
materials and thicknesses. 

Already in 2022, cutting has 
since had new technology 
released to further its capability. 
As seen in the Product Update 
of this issue, Trumpf has just 

introduced BrightLine Speed, 
which enables cutting speed to 
be increased up to 60 per cent 
for sheets up to 4mm thick. 
The technology also consumes 
around 50 per cent less cutting 
gas per part than conventional 
laser cutting, and makes the 
cutting process up to 15 per cent 
more productive with the same 
laser power, meaning each part 
requires correspondingly less 
energy to fabricate.

Described in this article are 
just a few examples of the many 
ways in which laser cutting is 
being developed and optimised. 
The progress will no doubt 
continue, bringing continual 
power gains and efficiency 
benefits to users on the factory 
floor in the years to come. l
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“Laser cutting is 
often favoured 
over alternative 
cutting methods 
due to its 
exceptional speed 
and flexibility”

Tech Focus: λ/40 Laser Grade Aspheric Lenses – 
Precision Aspheres for Precision Beams!

Complex cuts and contours have led to the rise of using lasers 
for cutting. For most metals, the small focus diameters of lasers 
provide a low distortion, fast cutting tool with small kerf widths. 
Aspheric lenses enable laser cutting systems to achieve very 
small and precise beams for precision cutting. 

Edmund Optics®(EO), a leading provider of optical components, 
manufactures λ/40 Laser Grade Aspheric Lenses ideal for 
such applications. These lenses are polished through precision 
magnetorheological finishing (MRF), providing them with an 
ultra-smooth, aberration-free aspheric surface and diffraction-
limited performance. Their low asphere figure error (0.016 μm 
RMS) makes them advantageous for demanding laser systems 
requiring spherical aberration correction and smaller, tighter 
beams. 

Edmund Optics has extensive asphere design and 
manufacturing experience, making thousands of precision 
aspheres each month using state-of-the-art production and 
metrology equipment. Alongside their large inventory of 
standard lenses and assemblies, Edmund Optics® can utilize their 
engineering expertise to help you with fully customized design 
efforts for easier integration into laser systems.

More information:  
https://www.edmundoptics.eu/f/lambda40-laser-grade-
aspheric-lenses/39540/

EDMUND OPTICS  FEATURED PRODUCT

www.lasersystemseurope.com
www.twitter.com/lasersystemsmag
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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

www.twitter.com/lasersystemsmag
www.lasersystemseurope.com
https://www.quantel-laser.com/home.html


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

Free webcast available now
Sign up to watch on demand

Presenters

Florian Hugger 
Head of R&D at BBW Lasertechnik

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

Dr. Eyal Shekel
CEO Civan Advanced Technology

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

VIEW  
FOR  

FREE*

www.lasersystemseurope.com/webcasts

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

This webcast will present some of the current challenges in laser 
welding and the theory for using beam shaping and steering 
to overcome these challenges. The second part will focus on 
presenting the new Dynamic Beam Laser and its capabilities 
of beam shaping, shape frequency, shape sequence and focus 
steering.
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Keynote Interview 
Dr. Vincent Mattera, Chairman and CEO, II-VI Inc.
in conversation with Guenther Braun

Special Topic 2022: Quantum Photonics
Why Lasers and Photonics are Needed for Quantum 
Technologies 2.0
Thomas Renner, Vorstand/CSO, TOPTICA Photonics AG

High Power Laser Cutting, Laser Cutting in China
The High Power Laser Cutting Revolution
Martino Burlamacchi, Chairman of Penta Laser Group, China

Technologies Laser Progressing, Quantum Technology
Industrial Laser Processing Based on State-of-the-Art 
Photonics and Quantum Technology
Dr. Koji Yasui, Senior Chief Technologist Laser, EDM, CNC, 
Mitsubishi Electric Co.

Market Japan: Laser Materials Processing
The Market for Industrial Laser Systems in Japan: 
Status and Trend
Dr. Kunihiko Washio, President, Paradigm Laser Research

Market India: Laser Materials Processing
Laser Materials Processing Markets and 
Applications in India
Maulik Patel, Exec. Dir. Global Business, SLTL – 
Sahajanand Laser Technology Ltd.

Worldwide Market: Laser Materials Processing
Global Industrial Laser and Laser Systems 
Market Update
Dr. Arnold Mayer, President, Optech Consulting

Additional topics will be added to the agenda.

Don‘t miss the leading industry forum on markets and 
strategies in lasermaterials processing. 
With focus on market trends, new applications and 
technologies. Essential information for professionals 
and decision makers.
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